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2.0 INTRODUCTION

The International Convention for the High Seas Fisheries of the North
Pacific Ocean between Canada, Japan and the United States entered into
force in June 1953 and remains in force until one year from the day on
which one of the nations has given notice of an intention of terminating
the Convention, Under the terms of the Convention, Japan has abstained
from fishing for salmon in the North Pacific Ocean east of the meridian
which passes through the western extremity of Atka Island at approximately
175°20'w longitude, and both Canada and Japan have abstained from fishing
for salmon in the Bering Sea east of meridian 175°W longitude, In high
seas waters to the west of the abstention lines, Japanese vessels—-but
not Canadian--have fished for salmon since the Convention went into
effect. In the process, many millions of U.S. salmon found in those waters
have been caught, '

In 1976 U.S. Public Law 94-265, commonly referred to as the Fishery
Conservation and Management Act of 1976 (FCMA) was entacted, The FCMA
establishes exclusive fishery management authorlty by the United States
over salmon of U,S, origin within a 200-mile fishery conservation zone and
also throughout their migratory range beyond than zone, except when they
are found within any nation's territorial sea or fishery conservation zone
recognized by the U,S, The FCMA also states that the total allowable level
of foreign fishing, 1if any, with respect to any fishery subject to the
exclusive fishery management authority of the United States shall be that
portion of the optimum yield which will not be harvested by U.S,
fishermen—-~the term ''optimum' meaning the amount of fish which will
provide the greatest overall benefit to the United States and representing
the maximum sustainable yield adjusted for relevant economic, social or
ecological factors, In addition to the foregoing and numerous other
provisions, the FCMA established eight Regional Fishery Management Coun-
cils, one of them being the North Pacific Council which has authority over
the fisheries in the Arctic Ocean, Bering Sea, and Pacific Ocean seaward
of Alaska. A major function of each of the Councils is the preparation of
a fishery management plan for each fishery within its geographic area of
authority,

The situation with respect to Japan's high seas salmon fishing activities,
the North Pacific Fisheries Convention, and the U.S, Fishery Conservation
and Management Act can be summed up thusly:

—Japanese vessels have fished for salmon on the high seas west
of 175°W longitude for over two decades=-

--Vast numbers of salmon originating in U,S, streams have been
caught by Japanese fishermen west of the North Pacific Fish-
eries Convention's abstention lines=—-

-=The U.,S. salmon intercepted on the high seas by Japanese
vessels or otherwise lost as a consequence of their fishing
activities could be fully utilized by U,S, fishermen—--

-=There 1s no allowable level of fishing by Japanese vessels
for salmon of U,S. origin,



The provisions of the North Pacific Fisheries Convention with respect
to salmon are obviously inconsistent with the provision of the FCMA,

On February 10, 1977 the United States gave notice to Canada and Japan
of an intention of terminating the North Pacific Fisheries Convention
because of its inconsistency with the Fishery Conservation and Manage-
ment Act, In October 1977, the three nations initiated negotiations on
the restructuring of the Convention, Another round of talks is scheduled
for mid-January 1978, 1In connection with these negotiations—=and also
with the view toward providing the North Pacific Regional Fisheries Man-
agement GCouncil with background information which might be useful in de-
veloping a fishery management plan for the high seas salmon fisheries
of Japan—-we have prepared this report, It is believed that the informa-
tion presented here will also be of interest to salmon fishermen and pro-
cessors, fisheries managers and the scientific community.

Chinook Salmon, Oncorhynchus tshawytscha (Pho tos: Wash. Dept. Fish
: . Dept. Fish.



3,0 RESQOURCE BASE (PACIFIC SALMON)
3.1 General Life History Features
3.1.1 Taxonomy

Pacific salmon (Oncorhynchus spp.) belong to the order Salmoniformes and
the family Salmonidae (Hart, 1973), It is generally accepted that salmon
evolved from the freshwater trout (genus Salmo), probably between a
half-million and one million years ago in the Plelstocene period (Neave

1958), Since then 6 species 3.1/have evolved——one of which, the masu
salmon (0. masou) is mnative only to Asia., The other 5 spec1es——sockeye
salmon (QO. nerka), pink salmon (Q. gorbuscha), chum salmon (0, keta), coho
salmon (O klsutch) and chinook salmon (0. tshayztscha)——whlch are natlve
to both Asia and North America will be dealt with here.

Other common names by which the various species are identified are listed
below (North America only):

Sockeye salmon (red, blueback salmon)

Pink salmon (humpy, humpback salmon)

Chum salmon (dog salmon)

Coho salmon (silver, silversides, hooknose salmon)

Chinook salmon (king, spring, tyee, blackmouth, quinnat salmon)

Salmon are robust soft-rayed fishes with cycloid scales, adipose fins
and large mouths with well-developed teeth on the jaws, vomer, palatines
and tongue (Hart, 1973), Pyloric caeca are numerous and sexual dimorphism
in secondary sex characteristics is strongly developed at spawning time,
Salmon have 13 to 19 rays in the anal fin as opposed to 8 to 12 in the
trout, Distinguishing charateristics for the individual species are list-
ed in Table 3,1,

3,1/ Some taxonomists also accord species status to (Q. iwame) and (O,
rhodurus) both of which are little known outside of Japan. This
paper, however, proceeds on the premise of Behnke (1965)--that (O.
iwane) and (O, rhodurus) should be considered only as varieties
of (0. masou) rather than as separate species,



Table 3.1.--Distinguishing characteristics of 5 species of salmon indigenous
to North America (adapted from Hart, 1973).

Life Stage
Young
Species Adult (Prior to seaward migration)

Sockeye Long, slender, closely-spaced gill Uniform, unmottled, green
rakers on the first gill arch. back. Sides silver without
Fine black speckling on the back. green irridescence. Parr
The flesh is red. marks (bars on sides) short,

oval, usually mostly above
lateral line.

Pink Small scales. Large, very dark Without parr marks. Blue
oval spots on the back and all to greenish color along
over the caudal fin. The flesh back. Sides silvery.
is pink.

Chum Absence of large, black spots from Green irridescence on back.
body end fins. Slender caudal Parr marks as slender bars
peduncle. Dark color on tips of scarcely extending below
all fins but the dorsal. The lateral line.
flesh is pale pink.

Coho Black spotting confined to back and Long, narrow parr marks,
upper lobe of caudal fin. The flesh extending above and below
ranges from pink to red. lateral line. Parr marks

narrower than interspaces.
White on leading edge of
anal fin. Anal fin with
first ray elongate.

Chinook Black spotting on back, dorsal Parr marks long vertical

fin and both lobes of caudal fin.
Salmon over 30 pounds (14 kg)

are likely to be chinooks. The
flesh ranges from white to red.

bars wider than spaces
between bars. Parr marks
approximately divided by
the lateral line.

3,1,2 General Distribution

It is necessary, prior to discussing the general distribution of Pacific
salmon, to establish that all members of the genus are anadromous, meaning
that they spend a portion of their 1lives in the ocean, but when
approaching maturity, they return to fresh water to spawn. Juvenile

salmon, in turn, spend a period in fresh water before migrating to sea to
resune the cycle, Subpopulations of some species-—sockeye, coho, and to a
lesser extent chinook and pink salmon, remain in fresh water throughout

their life,

Excluding limited transplants to such places as New Zealand and the Great
Lakes, Pacific salmon inhabit a major part of the temperate and subarctic
North Pacific Ocean and adjacent coastal areas, and even extend—to a
much 1lesser extent——beyond the Bering Strait to as far as the Coppermine
and Lena rivers on the Arctic coasts of North America and Asia respect~
ively. Distribution by species is shown in Figures 3.l1-3,5, References are
in Table 3,2.
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Table 3.2.--Sources of information concerning the distribution of 5 species
of Pacific salmon shown in Figures 3.1-3.5,

Feature of the Distribution

Sockeye

Species

Chum

Pink

Chinook

Coho

Fresh Water
Asia
Relatively continuous spawning
groundsl

Areas beyond relatively con-
tinuous spawning grounds where
species have been reported

Shmidt (1950); Lindberg and Legeza (1965); Sano (1967); Berg (1948);
Andriyashev (1954)

Lindberg and Shmidt Shmidt Shmidt (1950), Shmidt (1950)
Legeza (1965), | (1950), (1950), Berg (1948) Andriyashev (1954)
Andriyashev Sano (1967)| Ishida

(1954), (1967)

Trudy

Institut

Okeanologii

(1955),

Foerster (1968}

North America
Relatively continuous spawning
grounds

Areas beyond relatively con-
tinuous spawning grounds where
species have been reported

Atkinson, Rose and Duncan (1967); Aro and Shepard (1967)

Hallock and Fry (1967); Hunter (1969)

Hunter (1969)

None

Marine
General distribution

French et al
(1976)

Neave,
Yonemori,
and
Bakkala
(1976)

Neave,
Ishida and
Murai (1967)

Major et al.
(In Press)

Godfrey, Henry and
Machidori (1975)

1/ Estimated on the basis of information presented in the references.



3.1.,3 Relative Geographic and Bathymetric Abundance
3.1.3.1 Sockeye Salmon

Sockeye salmon, 1like all species of Pacific salmon, are the objects of
intensive fisheries and are heavily exploited not only along the coasts
of Asia and North America, but on the high seas as well by Japan's mother-
ship and landbased salmon fisheries (the mothership and landbased fishing
areas are delineated in Figure 4.1). Because the coastal fisheries operate
during period of peak abundance, commercial catches provide a general
idea of the relative abundance of a particular species of salmon in the
various regions, The accuracy of commercial catches as indicators of
regional abundace is refined, of course, by adjusting the data to reflect
the numbers of fish that are intercepted outside their region of origin
i,e., 1in adjacent regions or on the high seas. Estimates of the number of
interceptions, by area of origin, are presently available for the Japanese
mothership fishery and for fisheries along the Pacific coast of North
America. Using these data, the commercial catches will be adjusted
accordingly in our discussions on regional abundance. Although there have
been no definitive studies to determine the area of origin of salmon
captured in the Japanese landbased fishery, all fish taken there have
arbitrarily been assigned to Asia. U,S, scientists hold it probable,
however, that some of these fish are of North American origin, This is a
subject that begs further study.

The average number of sockeye salmon taken commercially in the various
fishing areas during 1952-75, is shown in Figure 3.6. Note that a segment
(2,3 million) of the average annual catch of sockeye by the Japanese
mothership fishery (7.6 million) has been allocated to western Alaska and
that with this adjustment, the commercial catch in North America (20,8
million) is roughly 2% times that of Asia (7,9 million).

Principal stocks of sockeye salmon in Asia are confined to river systems
of the Kamchatka Peninsula with about 90% of the commercial catch coming
from the Ozernaia and Kamchatka Rivers,

In North America the most abundant stock of sockeye salmon is that
produced in western Alaska, primarily by rivers tributary to Bristol Bay,
where catches (unadjusted for mothership interceptions) have avereaged 7.7
million fish annually (ranged 0,9-24.,5 million)., A second center of
production is in British Columbia where an average of 4,7 million fish
have been taken annually, The Fraser River, the major producer in British
Columbia, has also provided nearly all of Washington State's annual catch
of 1,9 million sockeye (National Marine Fisheries Service, 197732/ ),
Other important stocks in British Columbia are those of the Smith and

gég/ National Marine Fisheries Service (1977). Final envirommental impact
statement/preliminary fishery management plan: troll salmon fishery
of the Pacific Coast. U.S. Dep., Commerce, Natl. Oceanic Atmos. Admin.,
Natl. Mar, Fish, Serv., Northwest Region, Seattle, Wash., 128 p.
(Processed).
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Rivers inlets, and the Skeena and Nass rivers, Central Alaska provided
average catches of 3,3 million sockeye annually., Important production
areas there are the Chignik, Karluk and Copper rivers and streams emptying
into Cook 1Inlet, Fewer sockeye are produced in southeastern Alaska
(average: 0.9 million fish annually) and in Washington State south of
Puget Sound where catches averaged only about 50,000 fish per year.
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Figure 3.6.~~Commercial catches of sockeye salmon in North America, Asia,
and on the high seas. Averages (millions of fish) are based
on years 1952-75 except for the number of western Alaskan
sockeye that are intercepted by the Japanese mothership fishery
(circle within a circle), which is based on years 1956-75.
See Appendix 1 and text Table 5,2 for sources of data.

It is appropriate to discuss the oceanic distribution of sockeye salmon
in terms of 3 broad areas of origin: (1) Asia, (2) western Alaska, and
(3) other North American regions, This information has been summarized
by French et al, (1976) as follows (See Figure 3.7):

"Asian sockeye salmon overlap in distribution with North
American sockeye (mainly western Alaska stocks) over fairly
broad areas of the North Pacific Ocean and Bering Sea. Inter-
mingling of immature fish of the two continental groups is
mainly in the area between 170°E and 175°W in both the North
Pacific Ocean and the Bering Sea. Intermingling of maturing
fish extends from about L67°E to about 177°W in the North
Pacific Ocean and from about 171°E to 177°W in the Bering
Sea, Extremes of migration probably exceed these limits some-
what. In general, the center of abundance of Asian fish is
west of 175°E and the center of abundance of western Alaska
sockeye is east of this parallel,
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Overlap of Asian sockeye salmon with North American stocks
other than Western Alaska, Figure 95 (Figure 3.7 of the
present paper), is probably very minimal and occurs mainly
in the central Aleutian Islands area of the North Pacific
Ocean,

As observed in Figure 95 (Figure 3.7 of the present paper),
intermingling of sockeye salmon from western Alaska and other
North American areas is widespread in the North Pacific
Ocean--extending from near 140°W to the western Aleutian
Islands., Intermingling of both immature and maturing fish
occurs throughout this general area during some part of

the year,"
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Figure 3.7 .-~Generalized ocean distribution of sockeye salmon from Asia,
western Alaska, and other North American areas (adapted from
French et al., 1976).

In addition to their geographic distribution, it is also instructive to
study the bathmetric distribution of Pacific salmon, Sockeye, according
to French et al, (1976), inhabit near-surface waters, mainly the upper
10 m, during their life at sea. Some occupy depths to at least 60 m in
spring but apparently do not descend this deep in summer (Manzer, 1964;
Machidori, 1966), The extent of the depth distribution may be limited
by the thermocline——that layer in the water column where the temperature
gradient 1is the sharpest, There is also some evidence of diurnal (within
day) movements——there being a tendency for a larger proportion of the
fish being located deeper during the daylight hours,
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3.1,3.2 Pink Salmon

Before discussing the relative importance of the various regions in the
production of pink salmon, some introductory remarks are in order concern-
ing the 2-year life cycle of the species. Because of their rigid life
span, populations of pink salmon from any two consecutive years are gene-
tically separated. Furthermore, there is no consistent relation between
the even— and odd-year cycles over the entire range of the species. In
some areas (see western Alaska, Washington State and U.S.S.R. in Figure
3.8), the 1level of abundance in either the even— or odd-year cycle might
be much higher than in the other, while in other areas (central and south-
eastern Alaska, British Columbia, and Japan) differences between even-
and odd-year cycles are not at all striking,
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Figure 3.8,-~Commercial catches of pink salmon in North America, Asia, and
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on the high seas. Averages (millions of fish) are based on years

1952-75, See Appendix 1 for sources of data.

Commercial catches of pink salmon can be compared for even-years,
odd-years and even— and odd-years combined, In terms of even-year
production, the average annual strength of pink salmon runs to Asia and
North America is of the same order of magnitude (56.4 and 40,1 million
fish respectively). In odd years, however, the average Asian catch of pink
salmon is 100,7 million fish, exceeding by roughly 3% times the 28,8
million taken in North America, Interceptions of western Alaskan pink
salmon by the Japanese mothership fishery are not large (an average of
slightly wunder 50,000 fish in even years; about 2,000 in odd years [ see
section 5,1.2 for computations]),
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Although commercial catches provide an adequate base upon which to measure
relative abundance for the two continents, they are less useful for
ranking the areas of production within North America., Many North American
fisheries operate on mixed regional stocks, taking large numbers of pink
salmon from regions other than the region recording their capture, The
National Marine Fisheries Service (see footnote 3,2) estimates that during
1967-74 Canadian fishermen intercepted an average of 204,000 pink salmon
that originated in southeastern Alaska and another 204,000 than originated
in Washington State. U.S. fishermen, on the other hand, landed an average
of 1% million Canadian pink salmon during the same period, Were adjust-
ments of this magnitude applied to the commercial catch data presented in
Figure 3.8, central Alaska would emerge as the top producer of commer-
cially caught pink salmon (24,7 million fish annually, with even— and odd-
year cycles combined) followed by British Columbia and southeastern Alaska
(each with about 21 million fish annually), The 3 regions together produce
95% of North America's commercially caught pink salmon,

Data summarized by Takagi et al, (In Press) provide a basis for defining
the ocean distribution of Asian, western Alaskan and other North American
stocks of pink salmon, Considering the Asian stocks first, it can be seen
(Figure 3.9) that the easterly movement of Asian pink salmon extends to
about 158°W in the Gulf of Alaska, This is somewhat farther east than
Asian sockeye salmon are found (1§5°W), but not as far east as the maximum
noted for Asian chum salmon (140°W), Asian pink salmon also extend far
to the east in the Bering Sea—--specimens tagged as far east as 173°W just
north of the Aleutian Islands have been recovered on the Asian mainland,
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Figure 3.9.-~Generalized ocean distribution of pink salmon from Asia, western
Alaska, and other North American areas.
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The northern and southern migratory limits of Asian pink salmon are not
well defined, particularly between 170°E and 160°W in the North Pacific
Ocean and between 170°E and 175°W in the Bering Sea. Pink salmon of un-
identified origin have been captured, however6 as far south as about 36°N
in the former area and as far north as 64°N in the latter., Because it
seems likely that at least some of these were Asian fish, the range of
Asian fish shown in Figure 3.9 has been extended to include these areas,

Western Alaskan pink salmon, at various times during their lives, occupy
most of the eastern half of the Bering Sea——extending as far west as about
175°E in the Aleutian Island area. They are also found in the Gulf of
Alaska, generally between &45°N and 55°N and as far east as 135°W. Other
North American stocks occur throughout the Gulf of Alaska and in the
eastern North Pacific Ocean as far south as 45°N, Pink salmon from main
production areas of North America (central Alaska, southeastern Alaska and
British Columbia) are not found west of 160°W,

Intermingling of Asian and North American pink salmon occurs mainly in
a triangular area with vertices at approximately 162°W,6 50°N; 176°E, 50°N,
and 173°W, 60°N, Intermingling within this area malnly 1nvolves plnk
salmon from east Kamchatka and western Alaska,

Information concerning the vertical distribution of pink salmon is scant,
but Machidori (1966) reported that they may inhabit near-surface waters
to a greater degree than the other species of salmon,

3.1,3.,3 Chum Salmon

The relative magnitude of the commercial catches of chum salmon is shown
in Figure 3.10., Based on these long-term averages (1952-75), the Japanese
mothership fishery emerges as the chief exploiter of chum salmon (9.2
million fish annually), Of this total, only 130,000 are estimated to be
of western Alaskan origin; the remainder having come from Asia. Overall,
the average catch of 30 million chum salmon taken in Asian exceeds by
3.3 times the 9 million taken in North America (see section 5,1.3 for
computations),
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Figure 3.10,--Commercial catches of chum salmon in North America, Asia, and
on the high seas. Averages (millions of fish) are based on
years 1952-75. See Appendix 1 for sources of data.
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The relative magnitude of the commercial catches in regions of North
America shows that most chum salmon are produced north of Washington
State, Catches in Washington State have averaged only 0.4 million fish
annually (1952-75), whereas those in each of the regions of British
Columbia, southeast Alaska and central Alaska averaged 2,0 million or more
fish annually, Western Alaska also provided relatively large commercial
catches during this period, averaging 1.0 million fish, The commercial
catches of chum salmon mentioned above have not been adjusted to reflect
fish intercepted outside their area of origin, The National Marine
Fisheries Service (see footnote 3.2) reports these interceptions to be
minimal. According to Mattson (1962), however, subsistence (personal use)
catches 1in western Alaska may range upward to 2 million fish in some
years, Thus, western Alaska is a more productive area than indicated from
commercial catches and may equal or surpass one or more of the other
important areas in total production,

Tag data summarized by French, Bakkala and Sutherland (1975) provide the
basis for the distributional limits of Asian, western Alaskan and other
North American chum salmon proposed in Figure 3,11, Most striking is the
extent to which Asian chum salmon are distributed eastward (there have
been many recoveries on the Asian mainland of chum salmon that had been
tagged in the Gulf of Alaska--one as far east as 140°W), Asian chums
intermingle with western Alaskan chums in the central Bering Sea and with
both western Alaskan and other North American chums throughout much of the

Gulf of Alaska,
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Figure 3.11.--Generalized ocean distribution of chum salmon in Asia, western
Alaska, and other North American areas.

Although chum salmon are abundant in surface waters as maturing fish
in spring and summer and as immatures in summer, they may be less closely
tied to the surface than species such as sockeye, pink, and coho salmon,
Juvenile chums in coastal waters have been found to depths of 95 m off
British Columbia (LeBrasseur and Barner, 1964), 1In offshore waters,
maturing fish din May and June have been found to depths of 60 m and
immature fish to 40 m in summer (Manzer, 1964; Machidori, 1966). At times,
a majority of the fish are present at depths greater than 10 m,



15

3.1.3.4 Coho Salmon

The average commercial catch of coho salmon in North America was roughly
twice as large as that in Asia over the 24-year period 1952-75 (7.3
million vs 4,0 million respectively as shown in Figure 3.12), The
difference between continents would have been even greater were catches
expanded to include fish taken in North America with sport gear, There is
no reported sport catch in Asia,
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Figure 3.12,~—Commercial catches of coho salmon in North America, Asia, and
on the high seas. Averages (millions of fish) are based on
years 1952-75. See Appendix 1 for sources of data.

There is really inadequate information on which to estimate the total
number of western Alaskan coho landed in the Japanese mothership fishery.
That some are taken, however, can be ascertained by exaimning the tag
returns from the International Norxth Pacific Fisheries Commission (INPFG)
2° x 5° statistical area 8050—12/ south of Adak Island, Inasmuch as

approximately one-half of the mainland recoveries of coho salmon tagged in
area 8050 were recovered in western Alaska (the other one half having been
recovered in Asia) it follows that about one-half of the mothership catch
in area 8050 are from western Alaska, This amounts to an average of 20,000

coho over the period 1956-75 (see Section 5,1,4 for computations). For
reasons to be elaborated upon in discussion concerning the limits of
distribution of the regional stocks, this figure (20,000) should be

regarded as a minimum estimate of the number of western Alaskan coho taken
in the Japanese mothership fishery,

3.3/ See Section 4.,3,3.1 for a description of the statistical reporting
areas for the Japanese mothership salmon fishery.
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As was done with sockeye and pink salmon in earlier sections, some adjust-
ments have to be made before the commercial catches in the various regions
of North America can be accepted as true indices of abundance., North
American troll fisheries, fishing in areas where the regional stocks are
mixed, take large numbers of coho salmon from regions other than the one
to whose catch they were attributed, Stocks of U.S. coho, for example, in
addition to being heavily exploited by Canadian trollers off the British
Columbia coast, are also caught by Canadian trollers off the Alaskan and
Washington coasts, According to the National Marine Fisheries Service (see
footnote 3,2), an average of 1,4 million coho of U,S, origin (1.3 million
from the Washington-Oregon-California region; 0.l million from Alaska)
were intercepted by Canadian trollers in 1967-74, Reciprocal interceptions
of CGCanadian cohoes were 0,1 and 0,4 million fish in Alaska and Washing-
ton-Oregon-California respectively, With adjustments of this magnitude,
the Washington—-Oregon—California area emerges as the leading contributer
to the North American commercial catch of coho salmon with slightly over 3
million fish annually, followed by British Columbia (2.5 million) and
southeast Alaska (1,1 million).

The distributional limits of coho salmon from Asia, western Alaska and
other North American areas cannot be precisely defined, particularly in
the critical mid-ocean areas where the continental stocks are most likely
to intermingle. There have been no stock identification studies for coho
salmon on the high seas (involving scales, parasites, etc. as indicators
of continent of origin) nor has there been adequate tagging. In the broad
mid-ocean area lying between 175°E and 165°W, for example, only in the
area immediately south of Adak Island have enough coho been tagged to
yield inshore recoveries. Tagged coho from this area returned to the two
continents in approximately equal numbers indicating wholesale intermingl-
ing in the mid-ocean area, But over the remainder of that broad
area=-stretching from 40°N in the south to the Bering Strait in the
north--virtually nothing is known about the continental origin of the coho
salmon present, This gap 1in our knowledge is even more glaring when we
consider than commercial catches from within ths broad area, south of the
Aleutian Islands between 175°E and 175°W are often large (1.8 million fish
in the mothership fishery in 1964 and 1.5 million in the landbased fishing
area in 1974, for example). The distributional limits of coho salmon from
the 3 regions as depicted in Figure 3.13 are, therefore, highly pro-
visional,

Like other species of salmon, coho inhabit near-surface waters, primarily
less than 10 m, Their depth distribution tends to be somewhat greater
during the daytime than at night and the thermocline probably limits
extremes of depths inhabited,
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Chinook Salmon

salmon, the least abundant of the 5 species of Pacific salmon
ed here, are roughly 14 times more abundant in North America than
a in terms of commercial catches (Figure 3,14), This ratio would
e to about 15 to 1 if estimates of the North American subsistence

and sport catches were included, The USSR coastal catch of chinook salmon
averaged only 90,000 fish during 1952-75; the Japanese mothership catch

only 1

77,000 and the Japanese landbased catch only 96,000, The North

American catch, on the other hand, averaged over 3 million fish during the

same pe
of 132

riod. Moreover, it is estimated (see Section 5.1.5) that an average
,000 (75%) of the chinook taken by the Japanese mothership fishery

are of western Alaskan origin.
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Figure 3.14.-~Commercial catches of chinook salmon in North America, Asia,
and on the high seas. Averages (thousands of fish) are based
on years 1952-75 except for the number of western Alaskan
chinook that are intercepted by the Japanese mothership fishery
(circle within a circle), which is based on years 1956-75.
See Appendix 1 and text Table 5.10 for sources of data.
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As with sockeye, pink and coho salmon, commercial catch data must be
adjusted in order to obtain a true ranking of the production areas within
North America. Chinook salmon, like coho, are subject to intensive troll
fisheries that frequently operate on mixed regional stocks, The National
Marine Fisheries Service (see footnote 3,2) estimates that during 1967-74,
Canadian trollers intercepted an average of 676,000 chinook salmon (all
from Washington-Oregon-California) and that U.S. trollers intercepted
238,000 British Columbia chinook salmon., Were adjustments of this magni-
tude applied to the commercial catch data presented in Figure 3,14, the
Washington-Oregon-California region would be the top producer of chinook
salmon (slightly over 2 million fish annually), British Columbia would
rank second (630 thousand) followed by western, southeastern, and central
Alaska in order,

Ocean distribution is not as well defined for chinook salmon as for
sockeye, chum, and pink salmon, Only 1l chinook salmon that were tagged
and released on the high seas have been recovered inshore——all in North
America, These few recoveries reveal, however, that chinook salmon are
capable of moving great distances away from their river of origin. One
western Alaskan chinook was tagged as far west as 172°E in the Bering Sea
and 2 chinook from other regions of North America were tagged as far west
as 176°W in the North Pacific Ocean just south of Adak Island, The latter
migrations (approximately 1,650 and 2,050 nautical miles [straight line])
are among the longest recorded for Pacific salmon, with only a few chum
salmon having exceeded these distances, The migrations of three other
tagged chinook salmon (although they were recovered at sea rather than on
the mainland) aid in establishing, at least provisionally, the distribu-
tional limits of the regional stocks of chinook salmon, Two of the three,
one tagged just south of Adak Island and the other tagged in the central
Bering Sea (both near 176°W), were recovered after long migrations to the
west (toward Asia), The third received its tag west of Attu Island (171°E)
and was recovered far to the east (toward western Alaska) near 177°W,

Because chinook salmon, presumed to be Asian, have been noted as far east
as 176°W, in both the Bering Sea and North Pacific Ocean, the distribu-
tional limits of Asian chinook shown in Figure 3,15 have been extended to
include these locations, Similarly, and with the added information derived
from scale pattern and maturity studies (Major et al, In Press), the
distribution of western Alaskan fish has been extended as far west as
160°-165°E, Chinook salmon from other North American areas are shown as
far west as Adak 1Island (176°W) and over a wide expanse of the Gulf of
Alaska, Principal intermingling of Asian and North American stocks, in
this model, would occur between 170°E and 175°W and would mostly involve
Asian and western Alaskan stocks,
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Figure 3.15.—Generalized ocean distribution of chinook salmon from Asia,

western Alaska, and other North American areas.

Chinook salmon, in common with other species of salmon, abound in
near-surface waters of the ocean at least during the darker hours of the
day as evidenced by the use of surface gear extending only 6 m deep by the
Japanese high seas gillnet fishery, There is both direct and indirect
information, however, that chinook may also occur at great depths. This
general observation by troll and sports fishermen was strengthened by the
research of Taylor (1969), who found chinook off British Columbia as deep
as at least 128 m, and not at all uncommon at depths to 110 m,
Furthermore, chinook are practically the only sgecies of salmon taken by
Japanese bottomfish trawlers in the Bering Sea3s%4/ even at times of the
year when other species are known to be much more plentiful in surface
waters, This indicates that the chinook were taken at depth while the
trawls were being fished on or near the bottom and not as the trawls were

being set or retrieved through the surface layers,

Unpublished reports of U.S., observers aboard Japanese trawlers
in the North Pacific Ocean and Bering Sea, 1973-77, U.S. Dep.
Commer., Natl, Oceanic Atmos. Admin., Natl., Mar, Fish, Serv,,
Northwest and Alaska Fish, Center, Seattle, Wash,

w
~
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3.1l.,4 Migration and Behavior
3.1,4,1 Sockeye Salmon

French et al (1976), drawing heavily on the works of Kondo et al (1965),
Margolis et al (1966) and on studies of the abundance and direction of
migration based on purse seine catches, have constructed provisional
models of migration of the 3 regional stocks, Migration by area of origin
(Asia, western Alaska and other North Amaerican) will be discussed in the
ensuing paragraphs,

The migration of Asian sockeye is depicted in Figure 3.163.5/ During
the first 11 months at sea, roughly July of one year through May 31 of
the next, the young fish (called .0's and .l's before and after January 1
respectively) move southward along the Bering Sea and Okhotsk Sea coasts
of the Kamchatka Peninsula and eventually eastward in the Pacific Ocean
to winter feeding areas (Figure 3,16A)., Spring migration of the .l's,
coinciding with seasonal warming of the surface temperatures, is northward
into the Bering Sea west of 175°W (Figure 3.16B).

Fall, winter and spring find the fish (now .l before January-1 and ,2
after January 1) sweeping south and eventually southeasterly to the same
winter feeding grounds occupied a year earlier (Figure 3,16C), From this
general area between approximately 150°E and 177°W, and from about 43°N
to 50°N, the maturing component of age .2 sockeye begin their homeward
migration (Figure 3.16D), Those that do not mature at age .2 (and this
represents the greater proportion of most Asian runs) return again to
the Bering Sea (Figure 3.16E) and eventually back again to the Pacific
feeding grounds a year later (Figure 3,16F) from whence they too, as ,3's,
finally wundertake their homeward migration as depicted for maturing .2's
in Figure 3,16D,

3.5/ Figure 3,16 shows migrations of Asian sockeye salmon by ocean
age .0 to .,3. This system of age designation shows the number
of annuli in fresh water by a figure preceding the dot and the
number of annuli in the ocean by a figure following the dot,
Thus, a .3 fish is one whose scale reflects three annuli at
sea (freshwater age unspecified), a 2, fish is one whose scale
shows two annuli in fresh water (ocean age unspecified), and
an age 2,3 fish is one with two annuli in fresh water and 3
at sea. Total age (year of life) is obtained by adding 1l to
the sum of the freshwater and ocean ages,
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The migrations of western Alaskan sockeye are shown sequentially in Figure
3.17, During their first 1l months at sea, the young fish move westward
along the north side of the Alaska Peninsula and Aleutian Islands and
eventually shift south into the North Pacific Ocean between 150°W and
180° as far south as 45°N (Figure 3,17A), During the second summer most
redistribute themselves within the same general area but some move
northward into the Bering Sea between 175°W and 170°E (Figure 3.17B).

In fall and winter, the center of distribution shifts southeastward where
there 1is a separation of those fish that will remain at sea another year
as immatures and those fish that will mature and spawn within the year.
Maturing fish do not move as far south as the immatures and their
concentrations remain north of 50°N from about 140°W to 165°E (Figure
3.17E) until they depart for spawning streams the following spring (Figure
3.17F)., Immature Bristol Bay sockeye salmon continue their southeastward
movement until concentrations become located between 45°N and 50°N and
between 145°W to 175°E (Figure 3.17C) from which locale they repeat the
maturation sequence laid out in Figures 3.17D, 3,17E and 3,17F. Separation
of the immature and maturing components of the stock is most pronounced in
the early spring.

Sockeye from regions of North America other than western Alaska (central
Alaska to the Columbia River) primarily occur east of 160°W although some
individuals have been shown by tagging studies to range westward to the
central Aleutian Islands at about 176°-177°W, The movement of these other
North American stocks during their life at sea is shown in Figure 3,18,

3.1.4.2 Pink Salmon

Migration routes of Asian and North American pink salmon, as indicated
by tagging data and research vessel surveys (summarized by Takagi, Hartt
and Dell, In Press) are depicted in Figures 3,19 and 3.20 respectively.
Migration of Asian pink salmon is described in terms of 2 broad regional
stocks—the east Kamchatka and Bering Sea populations constituting one
regional stock and populations from Japan and the Okhotsk Sea coast making
up the other, Migration of North American fish is described in terms of
the familiar western Alaska and other North American groupings. For each
regional stock, migration is expressed in 2 parts—-the first summer, fall
and winter at sea making up one part, and the final spring and summer
at sea making up the other.,
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Juvenile pink salmon from the East Kamchatka and Bering Sea coasts move
southward near shore during their first summer at sea, eventually veering
east as they approcach the tip of the Kamchatka Peninsula and the northern
Kurile 1Islands, Gontinuing east at about 45°-50°N, and possibly farther
south, the main body of fish 'distributes itself eastward to about
158° during the first fall and winter at sea (Figure 3,19A), During the
final spring and summer, movement is generally in a north and north-
easterly direction as the maturing pink salmon return to their native
streams (Figure 3,19B),

Pink salmon that originate in Japan and along the Okhotsk Sea coast,
according to Takagi et al (In Press), do not migrate as far east as the
previously described East Kamchatka and Bering Sea stocks, After departing
the coastal areas as juveniles none, during the fall and winter, move
farther east than 177°E, Major concentrations appear to remain west of
165°E between 40°N and 46°N,
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The migration of North American pink salmon, again according to Takagi
et al (In Press), can be described in greater detail, After leaving fresh
water, juvenile fish from Washington State and British Columbia migrate
northward in a narrow band along the coast, starting in July and
continuing into the fall, Juveniles from southeastern Alaska join those
from the southern stocks and begin similar northward movements, Central
Alaska juveniles are thought to migrate west and southwest in the northern
Gulf of Alaska and along the Alaska Peninsula, also relatively close to
shore, Fish from southeast Alaska may also continue westward along these
routes, Rates of travel for these initial ocean migrations have been
estimated at 10 nautical miles per day (Royce, Smith and Hartt, 1968),

Sometime in the fall or early winter, juvenile salmon disperse offshore
in a southerly direction, The more southern British Columbia and Washing-
ton stocks probably begin these southerly movements when they reach
northeast or northern Gulf waters, This movement for southeast and central
Alaska fish is thought to take place from locations in the northern Gulf
and along the Alaska Peninsula, These migrations continue until more
southerly waters are reached,
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Figure 3.20.~~Model of migration of North American pink salmon.
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From waters occupied in late winter and early spring, lying mainly south
of 50°N, pink salmon conduct return migrations over a broad front with
the major direction northward. Some east or west directional movements
may also take place by early spawning races or by those stocks such as
western Alaska fish, which have great distances to migrate., Northward
movements may continue beyond latitudes of ultimate destinations, which
are then followed by return migration to the south, but using near shore
routes to reach spawning streams (Neave, 1964),

The western Alaska pink salmon move north or northwestward from early
spring locations and by early July have reached the Bering Sea.

3.1.4,3 GChum Salmon

Information from tagging experiments and research vessel catches as
summarized by Neave, et al (1976) provides the basis for describing the
migrations of chum salmon., The migrations of Asian Chums will be
considered first, followed by the migrations of North American chums.

Generalized migration patterns of Asian chum salmon are shown in Figure
3.21. Stocks are grouped by the following geographic areas: (1) Japan,
Kurile Islands and the southern half of Sakhalin Island, (2) the Okhotsk
Sea coast including the northern half of Sakhalin Island, and (3) the
east coast of the Kamchatka Peninsula northward to Anadyr Gulf. For each
group of stocks, migration is portrayed by maturity stage (maturing and
immature chum salmon) and by season (late summer, fall, and winter; spring
and early summer for immatures and spring and summer for maturing fish),

Figure 3.21A shows the late summer, fall, and winter migration of immature
chum salmon ranging from those newly arrived from freshwater (arrows
projecting seaward from the coasts) to those destined to mature the
following year (arrows reaching as far east as the Gulf of Alaska).
Migration is generally south during this period, culminating with the
extension into waters south of 50°N in the winter, Fish in the western
North Pacific move further south than those in the central North Pacific
probably because cold water extends further south in the western area,

Spring and early summer (Figure 3.,21B) find Asian chum salmon that are
not destined to mature in that year moving northward. Many move into the
Bering Sea but a substantial number remain in the western and central
North Pacific Ocean. During this same period, and extending until the
latest migrating stocks reach their river of origin, maturing fish are
undertaking their homeward migration (Figure 3.21C). It is readily seen
from Figure 3.21C that maturing chum salmon from the coastal streams in
the Sea of Okhotsk are much more closely confined to the waters off
Kamchatka than are chums from Japan and East Kamchatka,
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Comparable migration patterns for North American chum salmon (using the
same maturity stages and seasonal periods as for Asian in the preceding
discussion) are shown in Figure 3,22, Figure 3,22A depicts the movement
in late summer, fall, and winter of immature chum salmon including those
newly arrived from freshwater (arrows near the coast), By late fall or
winter the new arrivals (from western Alaskan streams) have largely
vacated the Bering Sea and in company with older immatures migrate to more
southerly and easterly waters, primarily south of 50°N and east of 155°W.
As they travel, they are joined by new arrivals from other North American
areas,

The southerly migrations of late summer, fall and winter are reversed
in the following spring and early summer (Figure 3,22B), First, the older
immatures and then the younger immatures that are just completing their
first year at sea, move northward and westward with a minor component
(made up of fish from both western Alaskan and other Northern American
streams) migrating as far west as the central Aleutian Islands, There
is no evidence that migrations continue into the Bering Sea for immatures
of either regional stock,
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Immature chums repeat these seasonal movements each year but in the year
of maturity migrations are different, In the fall or winter preceding
the return to fresh water for spawning, only some components of the
maturing group move into the more southern waters lying south of 50°N, The
majority remain in more northerly waters, but shift eastward sometime in
winter,

Migrations toward spawning streams for western Alaskan chum salmon begin
from diverse locations, These range from near the British Columbia and
south-east Alaskan coasts, from the far northern Gulf of Alaska, and from
as far west as the central Aleutian Islands., Movement through Aleutian
Island passes is mainly in June. Migrations through the Bering Sea, the
routes of which are thought to be mainly in the central and western
Bering Sea but which for some fish carry them near the Siberian coast,

are rapid as runs peak in coastal waters in July,

Migrations of other North American stocks are northward into the Gulf
of Alaska from May to July. Migrations for these stocks are probably more
leisurely than those of western Alaskan stocks because a majority already
occupy more northern waters relatively close to their spawning streams,

For central Alaskan stocks, a continuation of movements to the north takes
them into coastal waters near their streams of origin, For fish from
southeastern Alaska and more southern regions, movements are initially
north, then eastward, and finally southward along the coast to home
streams,

3.1.4.,4 Coho Salmon

Results of high seas research on coho salmon have not been adequate to
diagram migration routes. Information available from tagging and catches
by research vessels allow,/ however, for some general comments on the
migration of coho., In the main, the following comments are excerpts from

Godfrey et al (1975).

There is relatively little information on the distribution of age .0 Asian
coho salmon during their first summer and winter in the ocean, Limited
catches of .0's suggest, however, that during this time the young coho
disperse southward in the western North Pacific Ocean to at least 40°N,
Such dispersal would occur in association with the cooling of surface
waters in a general north-to-south direction. Eventually (perhaps during
the first summer or winter, but possibly not until the spring or early
summer) some Asian coho move east as far as Adak Island.

Maturing Asian coho are taken in increasingly large numbers during late
spring and early summer progrssively northward over a broad east-west
front from Adak to the Kurile Islands, Peaks of abundance occur along
the western Aleutian 1Islands and off the southern tip of the Kamchatka
Peninsula during late July-early August, followed by movements to the
east coast of Kamchatka and further north, and to the west coast of
Kamchatka and other locations in the northern Okhotsk Sea,
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Most young coho salmon from streams in California, Oregon, Washington,
and British Columbia proceed rapidly northward, generally within 25 miles
of the coast, Some do not move far from their home stream while others
reach waters off central Alaska and Kodiak Island, This initial journey
is attained by late summer., Tag recoveries have shown that juvenile coho
salmon from western Alaska also penetrate into the Gulf of Alaska,

During winter, in association with the cooling of near-surface waters,
these fish disperse southward, probably to at least 40°N, Then as the
waters warm in spring and summer, movement is again northward over a broad
east-west front until the individual stocks commence the directional
movement required to return them to their natal streams, For western
Alaskan and central Alaskan stocks movement would continue northward but
at some point in time and space the more southerly stocks would have to
swing south along the coast of southeastern Alaska and British Columbia,
Tagging studies lend credence to this proposition, With few exceptions
coho that had been tagged as maturing fish off southeastern Alaska and the
northern Queen Charlotte Islands, were recovered to the south--in British
Columbia, in Puget Sound, on the Washington coast, in the Columbia River,
and off the coasts of Oregon and California.

3,1l.4.,5 GChinook Salmon

As with coho salmon, there is inadequate information wupon which to
construct hypothetical models of the migration of chinook salmon at sea,
An exception, of course, would be the fairly well-defined migration of
chinook salmon originating in streams from California to southeastern
Alaska. Young chinook from this area generally migrate northward on their
feeding migrations and southward as maturing fish (National Marine
Fisheries Service-—-see footnote 3.2). Some, as we have seen earlier,
migrate as far west as Adak Island but their principal concentrations are
in the eastern Gulf of Alaska and North Pacific Ocean relatively close to
shore,

There is only fragmentary information about the timing and the routes
traveled by young chinook salmon from western Alaska and Asia as they
disperse themselves at sea. It is known only that young chinook salmon
(presumably of western Alaskan origin) are taken in bottom trawls in
the central Bering Sea during their first winter at sea., During their
second summer and fall, chinook salmon believed to be of western Alaskan
and Asian origin are encoutered over a wide area embracing the eastern
Aleutian 1Islands and much of the Bering Sea., Their distribution in these
areas 1s not as extensive, however, as that which they will ultimately
attain as older fish,



Table 3.3.--Age composition

at maturity of Pacific salmon from selected rivers and areas.

Species and river

{(or area) 1.0 2.0 0.1 1.1 2.1 3.1 4.1 0.2 1.2 2.2 3.2 0.3 1.3 2.3 3.3 0.4 1.4 2.4 0.5 1.5 0.6 Other Authority
{percent)
Sockeye Salmon
Bristol Bay, Alaska 25 46 17 11 1 Rogers (1973
Karluk River, Alaska X 2 3 56 19 2 16 3 <1 Rounsefell (1958
Skeene River, B.C. 49 8 40 3 <l Larkins and McDonald (1968)
Fraser River, B.C. 2 89 2 7 <l Killick and Clemens (1963)
Pink Salmon
All Areas 100 Hart (19723
Chum Salmon
Alaska 6 74 20 {
British Columbia 21 43 32 4 {Bakkala (1970)
Washington 54 42 4
Oregon 10 89 1 {
Coho sSalmon
Alaska 1 33 62 4 <l <l {
British Columbia 1 <1 1 97 <1 <1 1 <1 {Drucker (1972
Columbia RiverZ 6 B4 10 {
Waddell Creek, CA 18 82 {
Chinook Salmon
Yukon River, Alaska <1 2 15 11 53 6 12 U.S. Fish. Wildl. Serv. (Date unkn)
Cook Inlet, Alaska <1 13 <l 37 1 44 <1 2 1 <l Yancey and Thorsteinson (1963
Washington State 6 <1 46 1 42 <1 4 <1 <1 Wright and Bernhardt (1972)
{Coastal Sport Fishery)
Columbia River= 9 22 56 13 Van Hyning (1973)

1/

1/ Yukon River Basin (Anvik to Marshall), Alaska. U.S. Dep. Int., Fish. Wildl, Serv. Prog. Rep. 5 on the Fish and Wildlife

Resources

2/ Fall chinook (0. fish)

only.

(4
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3.2 Specific Life History Features
3.2,1 Maturity and longevity

The ages attained at maturity for the various species are shown in Table
3.3, Although at 1least some of the samples on which these computations
were made were from commercial catches alone or escapement alone (and,
therefore, reflect bias introduced by gear selectivity), the data are
believed to adequately portray the age composition at maturity of the
various stocks involved, All Pacific salmon die after spawning.

Among sockeye salmon there is a vast range in ages at which individuals
mature and return to fresh water to spawn. Rounsefell (1958) reported
sockeye maturing at ages 3-8 with 21 different freshwater age-ocean age
combinations. Some fish went to sea shortly after hatching while others
spent as many as 4 winters in fresh water, Similarly, ocean life varied
from a few months to slightly over 4 years, The 21 age combinations at
which sockeye matured were as follows: (recall that the number before
the dot is the number of winters in fresh water, after hatching, and the
number after the dot is the number of winters at sea) 2.0, 3.0, 4,0, 1,1,
2,1, 3,1, 4.1, 0,2, 1,2, 2,2, 3.2, 4,2, 0,3, 1,3, 2.3, 3,3, 4.3, 0,4, 1.4,
2,4, and 3.4, Most sockeye, however, mature at ages 1.2, 2,2, 1.3 and
2,3 (total ages 4-6) although in a few populations 1,4, 3.2 and 3,3 fish
may form substantial proportions of the spawning fish,

Of all species of Pacific salmon, age at maturity of pink salmon is the
least variable——there being agreement in North America that nearly all
mature and die after one winter in the ocean (designated age 0,1). There
is essentially no freshwater 1life because pink salmon enter the ocean
soon after hatching. At maturity, pink salmon are smallest of the Pacific
salmon followed in order of increasing size by sockeye, coho, chum and
chinook salmon,

All chum salmon migrate to sea before their first winter, therefore as
age 0O, fish., They then spend from one to six winters at sea before
reaching maturity but those maturing at less than age .2 and more than age
.4 are insignificant in number, The species most commonly matures at age
.3 (Table 3.3) but the proportions of age .2 or age .4 fish are also
substantial in certain years and areas, The importance of these latter age
groups varies by geographical location. Age .4 fish are more abundant than
age .2 fish in British Columbia and Alaska while age .2 fish form a higher
proportion of the runs in Oregon and Washington. Considerable annual
variation occurs in the age make-up of runs to a given locality or stream
(Table 3.4).
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Table 3.4.,~-Yearly variation in age composition of chum salmon as shown by
samples from selected areas (data from Regnart, Fridgen, and
Geiger, 1967; Thorsteinson, Noerenberg and Smith, 1963;
Pritchard, 1943; Oakley, 1966).

Age
Location Year Sample 0.2 0.3 0.4 0.5
size (Percent)

Western Alaska 1961 97 4.1 75.3 20.6 0

(Yukon River) 1962 915 1.9 69.3 28.8 0
1963 650 6.0 83.3 10.2 0.5

1964 268 I 63.0 3.7 0

1965 486 0.2 97.3 2.5 0

Central Alaska 1952 187 23.5 47.1 29.4 0

(Prince William Sound) 1953 819 8.4 76.4 15,1 0

1954 100 45,0 45.0 10.0 0

1955 55 10.9 81.8 7.3 o]

1956 617 i1.0 86.2 2.8 0

1957 218 6.9 72.0 21.1 0

1958 141 15.6 76.6 7.8 0
British Columbia 1933 160 14.4 24 .4 59.4 1.8
(Nootka) 1934 124 16.9 73.3 9.0 0.8
1935 186 17.2 44.6 36.6 1.6
1941 518 9.1 50.6 39.6 0.7

Oregon 1947 65 32.3 66.2 1.5 0

(Tillamook Bay) 1949 287 4.9 94.7 0.4 0

1950 481 76.2 22.5 1.3 0

1959 310 51.2 48.0 0.8 0

1960 92 68.2 30.8 1.0 V]

1961 123 83.4 16.0 0.6 0

Coho salmon have been reported to mature at ages 0.1, 0.2, 0,3, 1,0, 1,1,
1.2, 2.0, 2.1, 2,2, 3.1, and 4,1, although the vast majority mature as
l,1's and 2.l's, that is age 3 and age 4 fish (Drucker, 1972), Southward
from British Columbia a very high percentage migrate seaward after one
winter in fresh water (freshwater 1,) but Alaskan coho commonly spend
two winters in fresh water (freshwater age 2.). In some areas (the
Columbia River and Waddell Creek, California) significant proportions
return as ‘'precocious" males the same year that they migrated to sea
(ocean age .0), but most spend 2 growing seasons in the ocean—-returning
late in the year following that in which they entered the sea (ocean age
.1).

Ages of maturing chinook salmon have been reported as 0.1, 0,2, 0,3, 0.4,
0.5, 0.6, 1.1, 1,2, 1.3, 1.4, 1,5, 1.6, 2.1, 2,2, 2,3, 2.4, and 2,5
although the vast majority of the fish mature at ages 3-6, Total age at
maturity, Llike freshwater age and ocean age (the components making up
total age) tends to be greater in the north than in the south. From
California northward to Cook Inlet, Alaska, for example, three-, four-,
and five-year-old fish prevail (there are significant numbers of six-year-
olds in some areas, but few if any seven— or eight—year-olds). Five— and
six-year~olds dominate the runs from Bristol Bay northward, but seven~ and
even eight—-year—-olds are not uncommon. This south-north change in age
structure is illustrated by the age composition of chinook salmon from
selected areas of the North American Coast as shown in Table 3,3,
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Data in Table 3.3 illustrate, for most species, a cline in ages from north
to south with a greater proportion of fish reaching maturity at younger
ages in the south, This is reflected in both the freshwater and ocean
ages and 1s evident for all species except for pink salmon, Factors
governing age at maturity have not been clearly defined, Foerster (1968)
concludes that both heredity and environmental influences on growth may
play important roles, The eveidence for heredity appears to have the
strongest basis as demonstrated by Godfrey (1958) and Ricker (1972),

Some salmon stocks mature rather consistently at a certain age, the
clearest example being pink salmon with their rigid two-year life cycle,
but also occurring in some sockeye stocks that mature mainly in their
fourth year, When the abundance of one line considerably exceeds the other
it 1s called a "dominant' line and the resulting imbalance of population
size produces a cycle of abundance. This phenomenon is most frequently
observed in pink salmon stocks, but also occurs in some sockeye salmon
stocks such as in Bristol Bay and in the Adams River sockeye of the Fraser
River system,

Ricker (1962) reviewed the cyclic nature of pink salmon stocks and
observed that all degrees of dominance exists for this species from
complete dominance of one line (odd or even=year runs) to the absence of a
dominant line, The most extensive and extreme development of dominance was
observed in the mid 1920's, Dominance had existed in some regions before
commercial fishing began, but it usually became intensified after large-
scale fishing started. In other regions dominance first became recogniz-
able after fishing was well developed., A shift in dominance from one line
to another has frequently occurred, while in other cases one line has
remained dominant since records were kept.

The exact nature of the factors governing dominance have not yet been
defined although various suggestions have been offered, The most likely
hypothesis involves predation. In years of high abundance of fry, the
fish-consuming capacity of predators become saturated which reduces the
mortality rate and leaves a larger number of survivors to perpetuate the
line. For the subdominant lines, mortality from predation is proportion-
ately much higher and prevents these lines from reaching the abundance
of the dominant line, It has also been suggested that fishing may
intensify or even initiate dominance by taking a larger percentage of the
subdominant lines although in recent years this possibility has probably
been lessend by better management and regulation of fishing,
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3.2.2 Reproduction
3.2.2.1 Return to Coastal Waters and Rivers of Origin

The bulk of adult salmon return to coastal waters and enter streams and
rivers during summer and early fall, with the more northerly populations
generally returning earlier than those to the south, Over the entire range
of the genus, however, and even in certain more restricted locales, salmon
return year-round. On the west coast of North America, for example, four
seasonal runs of chinook salmon have been delineated--winter, spring,
summer and fall, with the majority returning as fall-run fish from August
to November, Spring runs, entering streams from March to June, are common
from Washington State southward, 1In the Columbia River, the winter run
arrives in February-April; the summer run in June and July, The Sacramento
River winter run arrives in November-January. Similarly, chum salmon--par-
ticularly those in Asia, are often referred to as summer and autumn runs,
depending on the time of entry into fresh water. Summer runs, more common
in northern streams, enter from July to early September; autumn runs from
October to January. Sockeye, pink and coho salmon usually have only one
seasonal run that enters fresh water over a relatively short period,
Sockeye and pink salmon arrive earliest, normally peaking in July and
August, while coho arrive from late summer to early winter.,

UPRIVER MIGRATION OF SPAWNING SOCKEYE SAIMON,
FRASER RIVER, B.C., CANADA (Photo: Anon.)
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3.2.2,2 Spawning

The location and type of spawning area utilized by Pacific salmon varies
tremendously, mnot only between but within species., Pink, coho, and to
a lesser extent chum salmon spawn in small streams and tributaries to
larger rivers wusually within 250 km from the sea——pinks and chums often
spawning within the tidal zone, Chum salmon also spawn in large river
systems such as the Amur River, USSR, and the Yukon River where adults
are known to migrate upstream as far as 2,500 km, Chinook and sockeye
salmon, like chums, may spawn near the sea or far upstream. Chinook,
associated primarily with larger river systems, have been found spawning
as far as 3,200 km up the Yukon River while sockeye, whose spawning is
always associated with lake systems, may attain locations as far as
1,450 km from the sea at an altitude of almost 2,000 m,

The maturation process, together with the lengthy migrations required
for some stocks of salmon, requires a great deal of energy. Countless
generations of natural selection have bestowed upon individuals of each
spawning subpopulation enough body reserve to sustain them without addi-
tional feeding on their wupstream migration, Fish destined to spawn far
upstream, for example, will have greater stores of energy as they enter
fresh water than will those whose spawning grounds are near the sea, Idler
and Clemens (1959) determined that one subpopulation of sockeye salmon
used 90-967% of their stored body fat and 33-53% of their protein reserves
while moving up the Fraser River to their spawning grounds, 1,080 km from
the sea at an altitude of 691 m,

The timing of the migration, 1like the amount of energy required, is
subpopulation specific, having been honed by never-ending processes of
adaption, Peak numbers of a particular subpopulation of salmon arrive at
certain points enroute to the spawning grounds within a very short

interval each year-—a timing closely attuned to stream conditions (Thomp-
son, 1959).

Sockeye are unique among Pacific salmon in that their spawning grounds
are almost invariably in association with a lake, Adult fish often spend
considerable time resting in the lake before preceeding to the spawning
gravels——usually above, but sometimes below or even in the lake itself,
The lake also serves as a rearing area for young sockeye salmon,

Time of spawning 1is related to time of entry into fresh water, but in
some cases very loosely so. Fulton (1968) reports, for example, that in
the Columbia River all three seasonal races of chinook salmon (spring,
summer and fall) can be found spawning to some extent during September,
Slater (1963) found that the winter run of chinook salmon enters the
Sacramento River in November-January but does not spawn until late April-
late July. For species other than chinook, the time of spawning is more
easily generalized, Sockeye and pink salmon spawn from August through
November; coho November-January and chums June-January.

The actual spawning act is essentially the same for all species of Pacific
salmon., The female excavates the redd (nest) and deposits her eggs in
several pockets within the redd, Following fertilization by sperm from
the attending males, the female covers the eggs with 15-40 cm of gravel.,
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Male (foreground) and female before redd
construction,

Female digging redd by turning on side,
rapldly flexing body, and fanning streambed
with caudal fin, The female excavated the
redd alone and repeated the digging motion
every 1 to 5 minutes,

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

CONSTRUCTION OF REDD AND SPAWNING BEHAVIOR OF CHUM SALMON
(Photos: Selected from series in Sano and Nagasawa, 1958)
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According to Rounsefell (1957), the number of eggs carried by mature fe-
males varies by species, population, and the age and size of the indivi-
dual female, Overall averages are approximately as follows:

Pink 1,800 Sockeye 3,600
Chum 2,500 Chinook 4,800
Coho 2,800

Under mnormal conditions almost all of the eggs are extruded by the female
although there is evidence (Semko, 1954; Lister and Walker, 1966) that
egg retention increases when spawning density is high,

Variation 1in average egg content between stocks probably represents an
adaptation of the fish to their environment, with those stocks encounter-
ing relatively favorable «conditions for the survival of their young
needing fewer eggs to maintain their numbers (Thompson, 1959). It is also
apparent that fecundity is lower for species with a shorter freshwater
life history (pink and chum salmon). Neave (1948) asserted that these
species must suffer less natural mortality than other species of salmon.
The relatively high egg production of sockeye, chinook and coho salmon is,
on the other bhand, probably an adaptation to the greater mortalities
sustained by these species during longer freshwater residencies,

Spawning, for all species of salmon, is usually in fast-moving (0.3-1.5
m/sec), highly oxygenated waters here there are riffles and stream
underflow, Water depth may vary from 4.6 m (Chapman, 1943) to less than
enough to cover the fishes' back. Stream bottom materials are mainly small
gravel (less than 15 ¢ in diameter) with some silt, sand, and some larger
gravel mixed in (Burner, 1951). Smaller species generally select spawning
areas with a higher proportion of smaller gravel than do the larger
species,

The size of redds also varies with the size of the species——averaging
1,8 m for sockeye, 2.3 m for chum, 2.8 m for coho and 5.1 m for
fall run chinook salmon in the Columbia River system, Experiments in arti-
ficial spawning channels in Canada have demonstrated that pink salmon
produced the maximum number of fry when about 1.3 m of spawning area
was provided for each female (International Pacific Salmon Fisheries
Commission, 1972)., In a natural stream in Alaska, maximum production of
pink and chum salmon fry (500/m ) ;‘as obtained with about 1 m of
spawning area per female (McNeil 6 1969).

In instances where spawning grounds have been destroyed or altered for
other wuses, mnatural production has been supplemented by construction of
artificial spawning channels and development of hatchery systems to
incubate, hatch, and grow young salmon., This aspect will not be covered in
this report although activities here are quite extensive——for example,
there are currently over 100 salmon hatcheries in operation along the
Pacific Coast of the United States,
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3.2,3 Growth and Mortality

Pacific salmon grow and sustain mortalities throughout their entire
life—from the time they are deposited in the gravel as fertilized eggs
to the time they return to the spawning grounds as mature adults, However,
neither growth nor mortality occur at a constant rate, Growth on one
hand, is slow during freshwater life (for those species having a
freshwater 1life), very rapid during the first summer or two at sea and
(for those that remain) slower thereafter., Greatest mortalities are
incurred, on the other hand, during the early stages of life. Because
growth and mortality wvary with life stage, it is appropriate, before
discussing growth and mortality per se, to describe the phases of life not
yet covered in this review, that is, from the time the fertilized eggs are
deposited in the gravel to the time the young fish enter the ocean,

The initial phases of the young salmon's life are greatly influenced
by temperature. Incubation time (the time elapsed between fertilization
and hatching) is largely a function of temperature. Velson and Alderdice
(In Press) showed, for example, that incubation time for chinook salmon
is 33 days at 15.9°C and 178 days at 1.6°C. There is insufficient
information they reported, from which to derive similar calculations for
the other species, particularly pink salmon. Temperature also affects the
newly hatched young. Depending on temperature, the young fish remains in
the gravel a few additional weeks wuntil the yolk sac is absorbed,
Gradually during this period the young fish becomes less dependent on its
yolk sac for nutrition and begins to take more and more external food.
Emergence from the gravel is wusually in the spring although it may be
protracted throughout much of the year for chinook salmon because of their
varied spawning seasons,

The length of time that young salmon spend in fresh water varies by
species and stock, Pinks and lower-river chums migrate to sea soon after
emerging from the gravel, their migration usually being brief--lasting
only a few days., Although the early 1life history of chum salmon
originating far wupstream, such as in the Yukon River, has been little
studied, it is certain that some facets must differ substantially from the
lower-river populations, the timing and duration of the seaward migration
being a couple of good examples,

Chinook salmon are intermediate in terms of their freshwater life in that
they migrate to sea either in their first spring and summer life (called
ocean-type fish) or after having spent an additional year in fresh water
(called stream-type fish), Spawning populations in Asia and Alaska (par-
ticularly north of Gook Inlet) are exclusively stream-type while both
types occur to the south., In the latter region, spring-run fish usually
remain in fresh water just over a year while fall-run fish move to sea
during their first year.

Sockeye and coho salmon spend at least one and sometimes two or more years
in fresh water. Only on rare occasions do these species migrate to sea
during their first year. Young coho characteristically spend their fresh
water life in their small natal streams : hereas young sockeye occupy
lakes,
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Spring 1is the principal period of seaward migration for all species of
Pacific salmon., For pinks and lower-river chums, seaward migration is
relatively wuncomplicated-—occurring in their first year shortly following
emergence from the gravel, Fall-run chinook salmon also migrate to sea
during their first year--some after spending only a few days, but others
after spending a month or more in fresh water,

The seaward migration of other species and populations (sockeye, chinook,
and coho that have spent a year or more in fresh water and up-river chums
that migrate in their first year) is much more complex, Consider, for
example, the findings of Hartman, Heard and Drucker (1967) who reported
on sockeye salmon, the best researched species of all Pacific salmon:

"Smolt migrations to salt water closely follow spring breakup of
the ice and warming of the lake water, The time of smolt migra-
tion is correlated closely with latitude: migration is earlier in
southern streams than in northern streams., The duration of
seasonal migration appears to be strongly related to travel dis=-
tance to the trunk river outlet. The smolt exodus is rapid and
regular in single-lake systems but irregular and extended in
multilake or multibasin systems., The frequency distribution of
smolts migrating from two-lake or two basin systems is usually
bimodal, Most migrations commence as water temperatures near

40 F (4,4°C) and are over when temperatures approach 50 F
(10,0°C). Migrations of smolts,,.are mainly confined to the
darkest hours of the night, In general, in any one season, the
oldest and the largest smolts in each age-group migrate first,
Other factors, such as the thickness of the ice, effectiveness
of solar radiation in melting ice and warming water, and daily
weather (including sunlight and wind), also influence seasonal
and diel migration patterns, Underwater observations of smolts
at night during migration show that they are schooled, travel

in upper water levels in shallow rivers and deeper (but not

near the bottom) in deeper rivers, and usually face downstream
and swim as they migrate."

3.2.3.1 Sockeye Salmon

Regardless of the relative amounts of time spent in the freshwater and
marine environment, Pacific salmon attain most of their growth in the
ocean. This difference in growth is illustrated by increments in length
attained by three populations of sockeye salmon in fresh water and at
sea for various age groups (Table 3.5), While most fish are 15 cm or less
when they enter the sea as juveniles, their size when they return to fresh
water as adults ranges from 50 to 65 cm. The ocean growth of sockeye
salmon by life history group in both length and weight are shown in Figure
3.23. Both Table 3,5 and Figure 3,23 show that the percentage growth in
length is greatest in the first year of ocean life, and declines in
subsequent years. Figure 3,23 shows that percentage gain in weight follows
a similar pattern, with the percentage gain being greatest during the
first year of ocean life and diminishing thereafter. The weight of sockeye
salmon increases from less than 1 decagram at time of entry into the ocean
to as much as 3 kg at maturity for fish having spent 4 winters (5 growing
seasons) at sea.
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Table 3.5.—Average length increments (centimeters) per year of residence
in lake and sea for Cultus, Dalnee, and Karluck Lakes, sexes
combined. (Adapted from Foerster, 1968.)

Cultus Lake, B.C. Dalnee Lake, USSR Karluk Lake, Alaska
1.1 1.2 1.3 2.2 2.3 1ud 13 2.2 2.3 21 2.2 2.3 8.1 3.2
First year in fresh
water 9.6 10.5 10.2 6.1 6.4 12.8 12.9 10.3 10.4 6.9 6.7 7.5 5.7 6.8
Second year in fresh
water - - - 8.0 8.9 - - 7:3 67 5.8 5.9 5.0 4.7 3.8
Third year in fresh
water - - - - - - - - - - - - 3.8 4.5
First ocean summer - - - - - 15.2 14.4 15.6 13.7 - - - - -
First ocean winter - - - - - 3.8 3.4 3.6 3.3 - - - - -
First ocean year 25.8 21.3 21.0 23.3 19.5 19.0 17.8 19.2 17.0 24.3 20.0 19,5 23.9 22.0
Second ocean summer - - - - - 11.6 8.9 10.0 7.7 - - - - -
Second ocean winter - - - - - 3.5 2.8 3.8 2.7 - - - - -
Second ocean year - 19,8 17.9 17.2 13.8 15.1 11.7 13.8 10.4 - 17.3 13.6 - 14.4
Third ocean summer - - - - - - 7.9 - 6.4 - - - - -
Third ocean winter - - - - - - 2.8 - 2.8 - - - - -
Third ocean year - - 10.4 - 9.2 - 10.7 - 9.0 - - 10.3 - -
Portion of last ocean
year 14.6 7.4 5.5 6.6 3.5 6.6 4,7 5.2 4.1 14.4 6.5 6.3 13.2 5.1

Total average length: 50.0 59.0 65.0 61.2 61.3 53.5 57.8 55.8 57.6 51.4 56.4 62.0 51.3 56.6
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Figure 3.23 ,~Estimated mean body lengths and weights of sockeye salmon on

July 1 (Lander et al., 1966). Connecting lines indicate
related stages, not actual growth.
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Mortality of Pacific salmon is almost always expressed in terms of the
freshwater and marine phases of 1life, It is important to understand,
however, that the so-called "marine" phase actually includes the seaward
migration——which rightfully belongs in the freshwater phase, This rather
unwieldy and misleading grouping develops becasue seaward migrants are
usually enumerated (and mortality calculated) at points far upstream from
the ocean--where streams are small and where the subpopulations under
study have not yet become intermixed with other subpopulations., Except for
certain unique situations such as exist in the Snake and Columbia Rivers,
where the mortality of seaward migrants has been studied extensively in
conjuction with dams, there is little information on mortalities incurred
while young salmon are migrating seaward,

It has been widely documented for sockeye salmon, nonetheless, that even
when losses suffered during seaward migration are attributed to the marine
phase, the losses sustained in fresh water (in absolute terms) are many
times those in the ocean,

Foerster (1968) expressed this in the following hypothetical mortality
table:

(A) Loss during upstream migration 5% of egg potential
(B) Loss during spawning and incubation 50% of remaining eggs

(C) Loss during emergence from the redds
and migration into the lake 75% of remainder

(D) Loss during lake residence 92% of remainder

(E) Natural mortality in ocean (in-
cluding seaward migration) 90% of remainder

Thus, seaward migrants constitute only 0.95% of the eggs that had been
carried back to fresh water from the ocean by the parent generation (A-D
above)., Or, expressed in terms of potential egg deposition of the spawners
actually reaching the spawning grounds (B-D above), natural survival would
be 1.0% by this model; natural mortality would be 99,0% by the time the
fish departed for the ocean.

In the natural environment there are, of course, wide fluctuations in
egg-migrant survival--depending on the location, year and particular
conditions encountered, Foerster (1968) reported the following minimum and
maximum egg-migrant survival rates for several North American rearing
areas (survival being the complement of mortality or l-mortality):
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Area Egg-migrant survival (percent)
Minimum Maximum
Cultus Lake, B.C, 0.86 7.78
Port John Lake, B.C. 0,50 5.50
Lakelse Lake, B,C, 0.40 8.40
Babine Lake, B.C. 0.50 5.90
Chilko Lake, B,GC, 2,58 6.74
Little Kitoi Lake, Alaska 1,98 8,52

Percentage survival during the marine phase of the sockeye's life is
greater than that during the freshwater phase but is still not without
variability both between and within river systems (Table 3,6).

Table 3.6.--Estimated percentage ocean survival of sockeye salmon based on the
estimated number of seaward migrants and returning adults. (Adapted
from Foerster, 1968.)

Area Including catch Excluding catch
Bare Lake, Alaska 4.9 ~
Chilko Lake, B.C. 9.6 -

Karluk Lake, Alaska

Age 2. smolts 17.4 -

Age 3. smolts 25.7 -
Babine Lake, B.C.

1946-48 1.8 -

1955-58 4.6 -
Cultus Lake, B.C. 3.5 -
Port John Lake, B.C.

1949 - 3.1

1948-56 - 8.4

Ricker (1976) in his review of earlier studies on the ocean growth and
mortality of sockeye salmon estimated the potential gain that would accrue
from coastal fisheries as opposed to oceanic fisheries. If North American
sockeye that are presently intercepted by Japan's high seas fisheries
were harvested instead by conventional coastal fisheries, the gain in
weight would be 76% of the total presently taken on the high seas, This
potential gain is in addition, of course, to the gains that might be
brought about by the (inshore) management agencies, ability to manage the
runs on a river by river basis.
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3.2.3.2 Pink Salmon

Characteristics of marine growth of pink salmon are provided by studies
of LeBrasseur and Parker (1964) who determined the lengths and growth
rates for a stock of central British Columbia pink salmon at various
stages throughout their life at sea (Table 3.7). They recognized three
major periods of growth, In the first period, the initial 40-days of ocean
residence, growth rate was highest with length increasing from 3,5 to
8.4 cm, Thereafter growth gradually declined to a minimum in March with
lengths increasing in this period from 8.4 to 32,5 cm, The final period
was marked by a rapid rate of growth in spring followed by a declining
rate after the fish had reached coastal waters and entered the coastal
fishery, LeBrasseur and Parker concluded that for this particular stock,
growth was a continuing process with no complete cessation at any time
during the period of ocean residence,

Table 3.7.--Growth of pink salmon during its sea life (adapted from LeBrasseur

and Parker, 1964).

Days after
entrance Date Length Stage of sea life
into the (cm)
sea
0 April 20 3.5
Initial period
near estuary
30 May 20 6.1
First summer
at sea
150 September 17 15.7
Fall and early
winter
270 January 15 27.4
Late winter
360 April 15 35.0
Spring
420 June 14 46.4

Return to inshore

waters and entry
into fishery
480 August 13 51.9
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Because of their small size when they move to the sea, mortality of pink
salmon is especially severe during the brief freshwater and early marine
phases of life--greatly exceeding that occurring later. Parker (1968)
estimated that losses of pink salmon average 2-47% per day during the
initial 40 days of sea life and 0,4-0,8% per day for the remaining period
of ocean residence, Using data from a second stream, Parker (1962)
estimated the mortality of pink salmon by stage of life (Table 3.8). As
with chum salmon mortality of pink salmon was highest during the juvenile
coastal period and next highest during the egg to fry stages in fresh
water, Mortality was lower later.

Table 3.8.--Estimated mortality for pink salmon from Hook Nose Creek, British
Columbia, during various life stages (adapted from Parker 1962).

Life history stage Months Survival
Percent
Egg - fry 7 7.8
Coastal (juvenile) 5 5.4
Pelagic 10 84.4
Coastal (adults) 2 93.0
Fishing e 35.0

Total 24 0.12

The rapid growth of pink salmon in their last few months at sea results
in yields being much higher to a coastal fishery than an offshore fishery
that takes fish prior to their reaching maximum size., Ricker (1976) has
estimated gains in yield to a coastal fishery as 49% for Bering Sea and
163% for British Columbia pink salmon over that realized by an offshore
fishery which takes the fish prior to May 1, The increase in yield would
be even higher (by about 1/3) if noncatch losses were accounted for—-such
as losses caused by predators removing fish from the nets and by dead
or injured fish dropping out of the nets before they are retrieved,
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3.2.3.3 Chum Salmon

Chum salmon fry range from about 3 to 5,5 cm in length when they enter
estuaries and from 10 to 15 cm when they enter the ocean proper. By Sept-
ember the fish generally average 17 to 22 cm (Hartt and Dell, 1973), The
size of chum salmon on July 1 at successive life history stages (Figure
3.24) shows that the percentage increment in both length and weight is
greatest during the first year at sea and then diminishes in subsequent
years, Immature fish are smaller than maturing fish at a given age, Chum
salmon, from their small size when they enter the ocean, may grow as large
as (roughly) 60 cm and 2.5 kg at maturity.

Seasonally, the ocean growth of chum salmon is greatest during the summer,
During the last summer at sea the fish continue to grow rapidly-—growth
being greater in the final one to three months than in the months
immediately preceeding (LaLanne, 1971).
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Parker (1962) estimated total mortality for Hook Nose Creek, British
Golumbia chum salmon throughout their life history (Table 3.9). Mortality
was highest (at least on a per-month basis) during the juvenile coastal
period, and next highest during the egg to fry stages in fresh water,
Mortality was much lower in the other life stages. Similarly, Levanidov
(1964) estimated total marine and freshwater mortality for summer run chum
salmon in five Amur River tributaries as follows:

Fry Egg

to to

adult adult
Year Percent Percent
1955 98.50 99,98
1956 96,80 99.82
1957 97.10 99,62
1958 98,20 99.82
1960 96.90 99,89
Mean (over 5 years) 97.50 99,79

Table 3.9.~-Estimated mortality for chum salmon from Hook Nose Creek,
British Columbia, during various life stages (adapted from
Parker, 1962).

Life history stage Months Survival
Percent
Egg - fry 7 7.8
Coastal (juvenile) 5 5.4
Pelagic 34 56.6
Coastal (adults) 2 93.0
Fishing - 35.0

Total 48 0.08
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Fishing mortality has been estimated for a few coastal areas and time
periods:

Fishing
Area Year(s) Mortality Authority
Percent
Amur River (summer fish) 1950-53 50-55 Levanidov (1964)
Japan 1955-58 75 Committee on
Biology and Re-
search (1961)
British Columbia
Central coast 1934-49 40-50 Neave (1966)
Johnstone Strait 1949, 1950, 50~52 Do
1953
Oregon (Tillamook Bay) 1953 39 Oakley (1966)

Ricker (1976) has demonstrated that growth rates considerably exceed any
reasonable estimate of mortality in the next to final, and final year
of ocean residence. Thus, a fishery that harvests salmon at any time prior
to their arrival inshore would markedly decrease the yield over that
realized by a coastal fishery, In the case of chum salmon, the increase in
yield by taking fish inshore 1is 156% greater than that for fish taken
offshore on May 1 of their final year at sea, These gains are even greater
(perhaps doubling in the case of immature fish) if losses caused by the
fishing operations, other than the actual catch, are accounted for. These
include fish that are attacked by predators :hile caught in the net, fish
that die or become injured and then drop out of the net, and fish that
fall out of the net while it is being retrieved.

3.2,3.4 Coho Salmon

Most coho salmon spend about 18 months at sea (a summer, a winter and
then another summer) before returning to spawn, During this period they
grow more rapidly than other species of salmon including pink salmon whose
ocean life is also 18 months, particularly in terms of weight. Lander
et al (1966), whose growth data on several species of salmon are depicted
in Figure 3.25 for comparative purposes, concluded that the estimated
average weight of coho salmon on July 1 of the second summer of life on
the high seas was much greater than that of the other species regardless
of stage of maturity, All of the coho and pink salmon were maturing by
that time, of course; some sockeye were mature, others immature, and all
chums taken were immatures, The same general pattern prevailed for 'lengths
but was not as pronounced, Ricker (1976) observed that from April to
September of their final season at sea coho increase in weight from an
average of 0,8 to 4,0 kg, This spectacular growth is an argument for
delaying the opening of the troll fishery off the North American west
coast (Loeffel and Wendler, 1969),
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Like other species of salmon, a large part of the loss of coho in streams
occurs when the eggs are incubating in the gravel, Summertime stream
levels, however, also greatly influence the survival of coho salmon during
their year or more of residence in fresh water, Egg-to-migrant survival of
coho salmon from several North American streams is shown in Table 3,10,

Table 3.10.—-Average freshwater survival of coho salmon from various streams
along the Pacific coast of North America, arranged geographically
from north to south (adapted from Drucker, 1972).

Egg to age 1
Stream Smolt survival
(Percent)
Nile Creek, B.C. 1.40
Hooknose Creek, B.C. 1.30
Sweltzer Creek, B.C. 0.131/
Sweltzer Creek, B.C. 0_33§/ af
Minter Creek, Wash. 3.22
Deer Creek, Oreg. 12.00
Waddell Creek, Calif. 135

1/ Before predator fish were controlled.
2/ After predator fish were controlled.
3/ Geometric mean.

Lander and Henry (1973) provided data on the early ocean mortality of
coho, estimating that 5-6% of the smolt produced in Columbia River
hatcheries in brood years 1965 and 1966 survived until the onset of ocean
troll fishing, 13.5 months after release,

Ricker (1976) concluded that mortality caused by trolling averages about
one fish killed (mostly sub-legal size) for every two that are boated,

3.2.3.5 Chinook Salmon

Loeffel and Wendler (1968) used the research of Rich (1925), Van Hyning
(1951), Fraser (1917, 1921), Parker and Kirkness (1956), and Milne and
Godfrey§;§ to derive a general growth curve for chinook salmon taken
southward from southeastern Alaska (Figure 3,26),., They develop separate
curves for ocean-type and stream-type fish., This approach, as Loeffel
and Wendler (1969) emphasized, provides an approximation of the growth
curve but cannot be regarded as precise, mainly because in each curve
different stocks are included. They felt, nonetheless, that the curves
provide evidence that both ocean-type and stream-type fish put on most
of their growth in the spring and summer months, and that the rate of
increase in length slows with age. They suggest, too, that ocean-type
chinook gain an early growth advantage over stream-type chinook of
10-13 cm (4-5 inches) that is gradually overcome with increasing age.

3.6/ Milne, D.J. (Prepared by H. Godfrey) 1964, Sizes and ages of chinook
Oncorhynchus tshawytscha and coho O, kisutch salmon in the British
Columbia troll fisheries (1952-1959) and the Fraser River gillnet
fishery (1956-1959), Fish, Res, Bd. Can., Ms Rep. 776: 43 p.
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Ricker (1976) reported that the growth rate of chinook salmon during their
final year or months in the ocean was the slowest of all species of
Pacific salmon found in North America.

Compared to other species of salmon, there is only scanty information
on the egg-to-migrant survival of chinook salmon. For fall chinook (the
seasonal race that is comparable to chum and pink salmon in that the young
migrate seaward in their first year), egg-to-migrant survival averaged
14,5% over a 4-year period in Fall Creek, California (Wales and Coots,
1955). This survival rate is higher than that reported for either chum
or pink salmon, Similarly, Major and Mighell (1969) reported that
egg-to-migrant survival of spring chinook in the Yakima River, Washington
averaged 10,7%—again higher than that reported for sockeye and coho,
species, like spring chinook, that spend a year or more in fresh water
before migrating seaward, In both studies, however, seaward migrants were
counted at a location that was several hundred km from the sea and they
would, therefore, have faced additional mortality enroute to the ocean.
Recent studies on the Snake and mid-Columbia Rivers have shown, further-
more, that mortalities sustained by upriver populations of salmon as they
migrate seaward via the main trunks of their river sy;?ems are intensified

by the presence of dams along the migration routes,22l

Parker (1962) reports that after the initial period of high 1oss, annual
survival (excluding the effects of fishing) of tagged chinook salmon in
southeastern Alaska was about 66%. The general order of magnitude was
73% for all 5 species of salmon for which data were analyzed. Natural
ocean mortality of chinook salmon, he concluded, is relatively constant,
Ricker (1976) estimated that mortality caused by trolling for chinook
averages about one fish killed for every two that are boated. He
tentatively estimated, furthermore, that the increase in weight of the
total catch from discontinuing ocean trolling for Columbia River chinook
salmon and increasing river fishing correspondingly would be between 63
and 98%.

3.2.4 Ecological and Community Relationships

Because of the complexities inherent in dealing with 5 species and
innumerable subpopulations of a group of anadromous fishes, some selec-
tivity is called for in describing the ecological and community relation-
ships involved, Although the freshwater phase of the salmon's life has,
for obvious reasons, been much more thoroughly studied than the marine
phase, information presented in this, the final section of this review,
will deal fairly equally with each phase., There has also been occasional
reference to ecological and community relationships in the earlier

sections, particularly those on reproduction and growth and mortality.

w
-
~
~

Raymond, H.L. 1977, Effects of dams and impoundments on seaward
migrations of juvenile chinook salmon and steelhead trout from
the Snake River, 1966-75, U.S. Dep. Gommer., Natl, Ocean, Atmos.
Admin,, Natl, Mar, Fish. Serv,, Northwest and Alaska Fish. Center,
Seattle, Wash. Unpubl, manuscr.
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THE LIFE CYCLE OF THE PACIFIC SALMON

3.2.4,1 Freshwater Phase

The freshwater residence of Pacific salmon embraces three distinct life
history stages, (1) the upstream migration and spawning of the adult fish,
(2) the incubation, hatching and subsequent lake and/or stream residence
of the young fish and (3) seaward migration. Much of the material
presented here is from Foerster's (1968) treatise on sockeye salmon but is
applicable in a general way to other species of salmon as well,

Adult salmon, according to Foerster (1968), are directly preyed upon in
fresh water by harbor seals, bears, gulls and man, Also, man's deteriora-
tion of the enviromment impacts adversely on adult salmon although through
such activities as stream clearance and the construction of fishways into
previously inaccessible areas, man's activities can be beneficial. High
water temperatures, high carbon dioxide levels, disease and parasites
are other factors mentioned by Foerster as adversely affecting adult

salmon,
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Losses also accrue during the spawning and embryonic stages of the
reproductive cycle. Overcrowding on the spawning grounds-—either by
members of the same species or other species of salmon-—is an initial
source of mortality in this stage, Females arriving late on the spawning
grounds under circumstances of overcrowding either superimpose their eggs
on existing redds (destroying embryos in the process), they utilize
marginal spawning areas where survival is poor, or they may fail to
deposit all of their eggs, Extraordinary numbers of decaying carcasses can
also deplete oxygen supplies to the redds in areas of overcrowding,
leading to the 1loss of embryos. Scouring or exposure of the redds
resulting from extreme water levels are other sources of loss during the
incubation period,

Following the emergence from the gravel the young fish, in addition to
being subjected to the wvicissitudes of the physical environment, also
become players in a complex predator-prey relationship in which they are
simultaneously predators, competitors, and the objects of predation. Food
items consumed by salmon in fresh water vary with stage of life and
species but are known to include larvae, many forms of zooplankton,
insects, and small fishes, Principal competitors are salmon (of the same
or other species) and other small resident fishes. Commonly mentioned
predators are char (genus Salvelinus), trout, northern squawfish (Ptycho-
cheilus oregonensis), sculpins (genus Gottus), young salmon themselves
(primarily coho but also sockeye and chinook), kingfishers, and certain

types of fish—eating ducks,

Neave (1953) classified salmon mortalities into 3 categories——those which
are density dependent, those which are inversely related to density, and
those which are independent of density. Density dependent mortality
operates through competition for some limiting envirommental feature (such
as suitable redd-building sites or food items). Its influence becomes
progressively worse as population density increases and tends to adjust
the population to an optimum (Parker, 1962), Mortality inversely related
to density has the opposite effect in that losses are proportionately
higher on small populations., In years when young salmon are abundant,
for example, predators may become satiated with food and consume a lower
proportion than in years of low abundance. This type of mortality may
stabilize a population at a low level after it was brought there by other
factors and may account for the cyclic dominance observed in some stocks,
The final type of mortality is independent of density and is caused by
fluctuations of the environment. A rock slide impeding upstream migration,
for example, can eliminate a fraction of a population regardless of its
size,

Raymond (ms, 1977 [see footnote 3.7]) points out that populations of young
salmon migrating seaward past a series of dams in the Snake and
mid-Columbia Rivers are affected adversely not only by the physical
aspects of the dams (mortalities sustained while passing through turbines,
for example) but may be further reduced by mortalities brought about by
nitrogen supersaturation. Furthermore, the fish are often delayed as they
pass through slow-moving waters impounded behind the dams, thereby
increasing their exposure to predation and other sources of mortality,
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3.2.4,2 Marine Phase

While at sea, salmon inhabit the subarctic region of the North Pacific
Ocean—-an area characterized by relatively low salinity in the upper lay-
ers occupied by salmon., There is no evidence that the distribution of
the species is influenced by the rather small variability of salinity

within this region (Figure 3,27),
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Figure 3.27.--Schematic diagram of surface circulation in the Subarctic North
Pacific (Dodimead, Favorite, and Hirano, 1963).

The dominant feature of surface circulation in the subarctic region is
an easterly flow along its southern boundary and a return westerly flow
just south of the Alaska Peninsula and Aleutian Islands, These currents
play a major role in creating an environment and a climate in which salmon
can live but there 1is 1little evidence that the distribution of salmon
is determined by strict adherence to, or avoidance of, particular ocean
currents,

Salmon at sea are encountered at temperatures ranging from 1°C to 15°C
but are most frequently encountered at temperatures from 2°C to 11°C
(Manzer et al, 1965; Major et al, In Press)., The seasonal shifting of
salmon distributions southeastward in winter and northwestward in summer
is an apparent response to warming and cooling of surface waters, The
effect, however, may be indirect-—possibly through control of the location
and abundance of food organisms,
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The food items consumed by salmon in the ocean vary by stage of life,
species, season, area and even individual fish, Juveniles in inshore areas
take mostly food organisms in the classes crustacea and insecta (and small
fishes) while the diet of larger fish on the high seas expands to include
as many as 40 types of food organisms (Andrievskaya, 1958), Various
investigations have shown the 3 main types of food are zooplankton, squid
and fish in no particular order. Availability rather than choice seems to
have the greatest influence on the major categories of food consumed
(French et al, 1976; LeBrasseur, 1966). Pink and sockeye salmon are
similar in their feeding habits—-both tending to take a higher proportion
of smaller food items than chum, chinook and coho (Andrievskaya, 1958;
Maeda, 1954), Ito (1964), however, found that the composition and weight
of stomach contents of pink and coho salmon differed for even— and
odd-numbered years. Generally, fish and squid are prominent in even-num-
bered years; zooplankton in odd-numbered years. French et al (1976)
reported, furthermore, that relative amounts of the various types of
zooplankton consumed (calanoids, euphausiids, amphipods, copepods, etc.,)
is highly wvariable, Machidori (1972a; 1972b) observed that over a fairly
limited time span and geographic range (mid-June to early July, 1967 at
about 174°-178°E and 44°-47°N) there was a sharp north-south gradient in
the quantity (by weight) of food in the stomachs of coho salmon, Stomachs
were fuller to the north, where surface temperatures were cooler (9°C and
lower approximately), and contained appreciably less food (with few squid,
but more fish, euphausiids and pteropods) to the south where surface
temperatures were higher. He noted too, that high and similar CPUE's for
coho occurred in different ocean domains (Dodimead et al, 1963), and his
data indicate that relatively good catches of coho, and coho with greater
stomach contents, were associated with surface temperatures of a limited
range rather than with particular domains or their locations.

Asian pink salmon, because of the great disparity between the size of
the even-year and odd-year cycles, have been studied by several authors
to examine questions of interspecific and intraspecific competition, On
the matter of interspecific competition, Grachev (1967) reported that
when eastern Kamchatkan pink salmon were present in the ocean in
high-cycle (odd-year) abundance, first and second-year Kamchatka River
chinook salmon attained less growth than in years when the pinks were at
low-cycle abundance, That chinook salmon in their third and fourth year in
the ocean were not similarly affected was attributed to the fact that the
older (larger) chinook take different food items than the smaller pink
salmon and, as a result, are not in competition with them,



60

On the question of intraspecific competition, Semko (1939) demonstrated
that an inverse relationship existed between the average size and the
abundance of western Kamchatkan pink salmon (Figure 3.28), Without
exception, the average size was small in years of high abundance and large
in years of 1low abundance, Semko (1954) also summarized changes in body
length of Bolshaia River pink salmon over a period of 20 years (Table
3.11) and concluded that the observed inverse relationship between
population size and body length was caused by differences in the
suitability of the ocean feeding grounds——that in years of high abundance,
more and more fish were obliged to forage in areas of marginal produc-
tivity.
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Figure 3.28.--Comparison of the catch and fork length of western Kamchatkan
pink salmon (Semko, 1939).

Table 3.11.--Fluctuations in the length ranges of west Kamchatkan pink salmon
of "big'" and ''poor' years (Semko, 1954).

Overall range in body Range of main*
length (cm) group (cm)
"Big" "POOI‘" ”Big" ”POOI‘"
Sex year year year year
Males 34-59 37-63 41-56 45-59
Females 36~52 40-55 41-51 43-52
Both sexes 34-59 37-63 41-56 43-59

*Fish of all size classes which comprise separately not less than 1% of the
population.
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Godfrey (1959) made similar comparisons for salmon taken in British
Columbia (1944-58) and reported that odd-year pinks were invariably larger
than those of the even-year cycle, That the odd-year cycle is also
consistently the more abundant of the two cycles, suggests that the
observed variation is not associated with abundance but brought about,
rather, by genetic influences including the possible utilization of
different ocean feeding areas.

Pacific salmon are by far the most abundant group of fishes inhabiting
the epipelagic zone of the subarctic region of the North Pacific Ocean.
Other than salmon only 37 species of fish have been reported in gillnet
surveys in the epipelagic zone and these have been present in much smaller
numbers and more limited range than salmon (Larkins, 1964). Only six
species (albacore tuna, Atka mackerel, salmon shark, jack mackerel,
Pacific herring and pomfret) could be classified as abundant and then only
in some limited parts of the salmon's distribution,

Within the subarctic region, the relative abundance of the 5 species of
salmon themselves is best expressed in terms of the western region (where
Asian fish predominate) and the eastern region (where North American fish
prevail), Major et al (In Press) reported that samples from the mothership
fishery and Japanese research vessels (fishing mostly in the western
Pacific in 1962-70) were composed of 62% pink, 27% chum, 8% sockeye, 3%
coho and less than 1% chinook salmon, These percentages were very similar
to those reported for the Asian commercial catches from 1952-75--647 pink,
247% chum, 8% sockeye, 3% coho and less than 1% chinook salmon. North
American commercial catches, which would be more indicative of the
composition in the eastern Pacific, were composed of 48% pink, 25%

sockeye, 12% chum, 10% coho and 4% chinook salmon, These percentages
represent overall averages, of course, and would be expected to vary from
year to year if cyclic abundance--particularly the cyclic abundance of
Asian pink salmon were taken into account,

Predation, although it 1is probably the principal cause of mortality for
salmon at sea, has not been widely studied, Salmon (mackerel) sharks do
appear to be a major predators, however, Sano (1959, 1960) reported that
of 248 salmon sharks taken in gillnets fished by Japan's high seas fleet
in 1959, 70% had fed on salmon, with sockeye having been the species
most frequently consumed followed by pink and chum salmon. The humpback
and killer whales are other predators on the high seas (Tomilin, 1957),
Closer to shore, salmon are the victims of beluga whales, harbor and fur
seals, and sea lions,
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4,0 DESCRIPTION OF THE HIGH SEAS SALMON FISHERIES OF JAPAN

Japan presently has two high seas salmon fisheries in the North Pacific
Ocean, a mothership (factoryship) gillnet fishery and a landbased driftnet
fishery. Both fisheries began in 1952. Japan also has two high seas salmon
fisheries in the Japan Sea, a gillnet fishery and a longline fishery.
From 1952 through 1971, there was a third Japanese high seas salmon
fishery in the North Pacific Ocean, a landbased longline fishery which
operated off northern Japan to 160°E (1952-70) or 165°E (1971). For a
short period in the 1950's (1955-58), Japan had a mothership salmon
fishery in the Okhotsk Sea. During the 1930's and early 1940's, there was
a Japanese mothership gillnet fishery for salmon just outside the
territorial seas off the Kamchatka Peninsula and a landbased driftnet
fishery that operated up to 50 miles offshore from the northern Kurile
Islands. Thus, over the years, there have been several Japanese high seas
salmon fisheries. Only the first two fisheries mentioned, however, are
described in detail in this report.

4.1 Operational Characteristics
4,1,1 Areas of Operation

The areas fished by the North Pacific mothership gillnet fishery during
1959~76 and the landbased driftnet fishery during 1952-76 are shown in
Figure 4.1. For several years prior to 1959 the mothership fishery also
operated off the southeast coast of Kamchatka between 1559 and 160°¢E.
In 1977, all waters inside a 200-mile line off the coast of the U.S.S.R.
were closed to Japan's high seas salmon fisheries.

Waters indicated as Areas A and B in Figure 4.1 were so designated by
the Japanese~Soviet Northwest Pacific Fisheries Commission which was
established under the Japan-U.S.S.R. Fisheries Treaty for the Northwest
Pacific Ocean, signed in 1956. The eastern boudaries of the fishing
areas--175°W in the Bering Sea and 175°20'W in the North Pacific
Ocean--represent the provisional abstention lines established by the
International Convention for the High Seas Fisheries of the North Pacific
Ocean, a convention signed by Canada, Japan and the United States in May
1952 and which entered into force in June 1953, Other boundaries were
agreed upon by Japan and the U.S.S.R.

Within the landbased driftnet fishing area, small vessels (less than 7
tons) are licensed to fish only as far east as 147°% or 149°E. Larger
vessels (40-90 tons) are licensed to fish east to the abstention line.
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Figure 4.1.--Areas fished by the Japanese mothership salmon fishery, 1959-76,
the landbased offshore driftnet fishery, 1952-76. Source of
information: Fisheries Agency of Japan (personal communication).

4,1.2 Fishing Seasons

The fishing season for the mothership fishery has usually begun around
May 20 and ended shortly after July 20. Before 1959, the fleet started
fishing in early or mid-May and occasionally fished until late August.
In 1960 and 1963-64, the motherships fished into early August. The land-
based driftnet fishery has usually begun in early May, with the vessels
restricted to Area B wuntil the catch quota for that area was attained,
or June 30, whichever came earlier. After that time, the vessels fished
in that portion of Area A open to the fishery.

In 1977, because of lengthy negotiations between Japan and the U.S.S.R.
on salmon catch quotas and other matters, the mothership and landbased
driftnet fisheries did not commence fishing until almost the end of May.
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4.1,.3 Fishing Operations

4,1.3.1 Mothership Fishery %:l/

The mothership salmon fleet, which consisted of 6 motherships and 245
catcher-boats in 1977 (as compared to 10 motherships and 332 catcher-boats
during 1972-76) departs for the fishing area from Hokkaido a week or so
before the start of the season. The motherships range from 8,000 to 14,000
tons, have an overall length of 120 to 184 meters, are powered by engines
of 5,000 to 7,600 hp, and carry crews of 300 to 350 to process the catch.
Most of the salmon are canned but some are frozen. Each mothership has
1 or 2 canning lines, with a line capacity of 180 to 250 cans per minute.
The processed products are transported to Japan by cargo and supply ships
during the season. 1In 1977, each mothership was accompanied by approxi-
mately 40 catcher-boats (as compared to 32-34 catcher-boats per mothership
in 1972-76). The catcher-boats have steel or wooden hulls, range from 75
to 100 net tons, are powered by diesel engines of 270 to 450 hp, and carry
crews of 20 to 22 fishermen per boat.

The companies invloved in the fishery have divided the mothership fishing
area into 169 blocks, the average size of which is about 14,250 square
km=~~110 km (69 statute miles) north to south and 130 km (80 statute miles)
east to west, On a given day, only those catcher-boats assigned to a par-
ticular mothership are permitted to occupy a specified block plus one-half
of an adjacent block. Intention to fish in a certain block is communicated
to one of two motherships which rotate as coordinators of fleet opera-

tions. In 1977, all blocks or portions thereof lying within 200 miles of
the U.S.S.R., coast were closed to the mothership fishery.

The deployment of catcher-boats is controlled by the director of fishing
operations aboard each mothership. Four of the catcher-boats from each
mothership are wused as scouting vessels to search for concentrations of
salmon, usually at some distance and in wvarious directions from the
mothership (but not in blocks occupied by catcher-boats from other
motherships). The remaining catcher-boats are assigned fishing stations in
a block, there being 40 such stations per block. All catcher-boats are
required to wunload catches at the motherships every day, except under
unusual circumstances such as mechanical failure and stormy weather.
Generally, catcher-boats assigned to stations closest to the mothership on
one day are the first to unload their catches and have the most time for
running, hence are assigned stations farthest from the mothership the
following day.

4,1/ Much of the information on vessels, fishing operations and gear

- in the mothership fishery is taken from Dr. Francis M. Fukuhara's
doctoral thesis (unpublished). Other sources of information include
Neo (1964), Fredin and Worlund (1974) and Japanese fisheries trade
journals.
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JAPANESE HIGH SEAS MOTHERSHIP SALMON FISHERY

Taking in gillnets Salmon ready for delivery
to factoryship

Transfer of salmon Cleaning salmon aboard
to factoryship the factoryship

(Photos: Chitwood, NMFS)
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Details as to netting, net length and mesh sizes used in 1977 are not
known, but historically the catcher-boats used monofilament gillnets and
each was allowed to fish 16.5 km (10.2 statute miles) of net each day
in waters east of 170°25'E or between 165°E and 170°25'E south of a line
connecting 47°N and 489N (Figure 4.2). In such waters, up to 60% of the
net's length could be of 121 mm (4.8 inches) mesh, stretched measure,
with the remaining 40% being 130 mm (5.1 inches) mesh. In the other part
of the mothership area, the maximum length of gillnet that a catcher-boat
was al%owed to fish each day was 13,2 km4(§72 statute miles), with no
more than 407 of the net having 121 mm mesh, —=

The setting operation, which takes place in late afternoon, requires about
2 hours. Hauling, which usually begins shortly after midnight, takes 4~6
hours. Actual fishing time ranges from 9-12 hours or more. On a given
day, the present fleet (245 catcher-boats) is capable of fishing 3,200
to 4,000 km (2,000 to 2,500 statute miles) of gillnet, depending on the
distribution of the motherships in the area.

4,1,3.2 Landbased Driftnet Fishery &42/

Two substantially different categories of vessels make up the landbased
driftnet fleet, those that are less than 7 tons and those that range from
40 to 90 tons. Vessels wunder 7 tons far outnumber the larger vessels.
In 1975, for example, there were 1,120 of the smaller vessels as compared
to 371 vessels in th 40-90 ton class.

The smaller vessels operate out of numerous ports on the east coast of
Hokkaido and northern Honshu. Approximately two-thirds of them (729
vessels out of 1,120 in 1975) are licensed to fish to 147°E, with the
remaining one~third licensed to fish to 149°E, Most of the vessels,
however, remain much closer to shore and make trips of 1 or 2 days.
Catches, which amount to 10-15% of the total taken by the larger vessels,
are generally landed fresh,

The larger vessels in the fishery operate out of the same ports as the
small vessels but fish much farther to the east. Each fishing trip lasts
from 2 weeks to a month. Catches are landed either frozen or salted.

4.2/ Fishing effort is measured in units of length called '"tans.'" There
are 50 meters in a tan, 330 tans in 16.5 km of gillnet, and 264
tans in 13,2 km of gillnet. Depending on the area fished, 330 or
264 tans represents one day's fishing by a catcher-boat.

4.3/ Information on vessels, operations and gear used in the landbased
offshore driftnet fishery was provided by various individuals in
the Fisheries Agency of Japan (personal communication).
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Figure 4.2. Restrictions on the lengths and mesh sizes of gillnets used in the
Japanese mothership and landbased offshore driftnet fisheries for

salmon. Information source: Fisheries Agency of Japan (personal
communication).
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4.2 Regulatory History
4,2,1 Domestic Measures (Japan)
4,2.1.1 Licensing

Vessels wused in Japan's diverse salmon fisheries (Table 4.1) are licensed
by the Fisheries Agency of Japan and appropriate Prefectural Agencies
in Hokkaido and northern Honshu. The latter also license the units of
fixed gear and certain miscellaneous types of gear used in the coastal
fishery. Areas of operation are designated on all licenses. In the case
of the mothership fishery, the specific mothership to which a catcher-boat
delivers its catches is designated on the license. The catcher-boat cannot
deliver its catch to a different mothership.

The numbers of licenses issued for the wvarious salmon fisheries are
closely controlled. The philosopy underlying the licensing system has been
to hold the total vessel tonnage in a given fishery at a given level;
hence as the size of replacement vessels has increased the number of
licenses issued for the fishery has been reduced. To cite an example given
by the Fisheries Agency of Japan (personal communication): the total
tonnage of vessels in the landbased offshore driftnet fishery was fairly
uniform during 1970-75 but the size of replacement vessels increased;
consequently, the total number of licenses was reduced from 1,713 in 1970
to 1,491 1in 1975, Reductions in catch quotas for the mothership and
landbased driftnet fisheries, however, have required reductions not only
in the numbers of licenses issued but total vessel tonnages in the
fisheries.

Table 4,1.--Organization of Japan's salmon fisheries.

Fishery Fishery category 57 Licensi?g No. of vessels Catch 3
number and components2: Area of operation— agencyS licensed in 1975 | restrictionsd/
1. Mothership gillnet No. Pac. Oc. & Bering Sea, to 175% JFA 10 motherships Quota
332 catcher-boats
Landbased offshore driftnet o
2. Vessels 27 g.t. No. Pac. Oc., to 1750W o JFA 371 "
3. " <7 g.t. o e 3 to 147°E and 149°E PG's 729/3912/ L
4, Landbased offshore longline | No. Pac. Oc., to 160°E (165°E in 1971) JFA - f/
Coastal

Driftnet
5. Vessels 230 g.t. Japan Sea side of Hokkaido and Honshu JFA {1701 Quota
6 " <30 g_t. " " " " " " " " J "
7. u <5 g.t. Tsugaru Strait, out to 10 km offshore " ~100 "

Longline
8. Vessels 10-30 g.t. Japan Sea side of Hokkaido and Honshu PG's 348 "
9. 11 ‘10 g.t. " " "n " " " " " 1’814 No o‘lota
10. " " " PaC. OC. " n " "n A1 "n 139 " "
11. " <5 g.t. Soya Strait - Territorial waters " g/ " "

Set net (Trap) h/
12. Salmon, large net Hokkaido & Honshu - Territorial waters " 478— "o
13. Other " " " " " " " " { } " "

4 6,866¢h

14. Small net " " " " " " ? _/ " "
15. Miscellaneous gear = " " % ' " g/ g

a/ The landbased offshore longline fishery was discontinued after 1971.

b/ See Figure 1 regarding Fishery No's. 1-3 and

text regarding Fishery No. 4. c/ JFA-Fisheries Agency of Japan; PG-Prefectual Government. d/ Total catch quotas

established by the Japanese-Soviet NW Pac. Fish. Comm., allocations by the Japanese Ministry of Agriculture and Forestry.

e/ 729 vessels, all under 5 tons, licensed to fish east to 147 T; 391 vessels, 5-7 tons, licensed to fish to 149°E.
T/ Formerly had quota. g/ Not available. h/ Number licensed in 1974. INFORMATION SOURCE: Fisheries Agency of Japan
(personal communication).
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4,2.1.2 Reporting of Fisheries Statistics

Catch quotas and allocations and management of domestic salmon resources
make it necessary for the Fisheries Agency of Japan to collect current
statistics on catches by the various Japanese salmon fisheries.

In the mothership fishery, Japanese fisheries inspectors receive daily
reports of catches (in kilograms) by species, fishing effort (in tans),
and fishing position for each catcher-boat. Total daily catches by all
of the catcher-boats attached to a mothership are converted to numbers
of fish by species using average weights obtained from samples taken by
the inspectors aboard the mothership (30 fish of each species per day
from each of 5 catcher-boats). The information is transmitted to the Fish-
eries Agency of Japan. Several months after the end of a fishing season,
the Agency has provided to the International North Pacific Fisheries Com-
mission (INPFC) statistics on the numbers of fish caught by species and
fishing effort in numbers of tans for each 2° x 5°© statistical area and
10-day period. The agency has also provided INPFC with the metric tons
of each species taken by the mothership fishery as a whole during each
10-day period.

When the mothership catches are landed in Japan, the Ministry of Trans-
portation of Japan collects data on the numbers of 48-~1b cases of canned
salmon and cartons of frozen large and small salmon landed.4:4/ This
information 1is given to the Fisheries Agency and serves as a check on the
catches reported directly from the motherships.

In the 1landbased offshore driftnet fishery, each vessel keeps a logbook
in which the location, number of tans of gear set, and the number of each
species of salmon caught is recorded for each day's fishing. The logbook
information is reported to Fisheries Agency inspectors when the vessels
land at their home ports. In the case of the smaller vessels (under 7
gt), the time lag between actual catches and reporting of logbook
information is only 1 or 2 days. For the larger vessels. however, the time
lag might be more than a month. Because of the delay, the Agency uses
patrol vessels to make daily estimates of total catches by the larger
vessels. The estimates are obtained by counting the number of vessels
fishing in an area and applying catch rates for a sample of them to the
total. By combining the logbook data for the smaller vessels with the
estimates of catches by the larger vessels, the Fisheries Agency obtains
daily estimates of cumulative numbers of salmon caught. However, since the
catch quotas are set in tons of fish (round weight), not numbers of fish,
it is mnecessary to convert the catches from numbers of fish to tons. Two
sources of information are used to make the conversion: data on average
weights obtained by the Agency's research vessels operating in the area
fished by the larger vessels and fish tickets. The latter are made out by
buyers at the time of purchase from the vessels and indicate the kilograms
of fish involved in the transactions. Agency inspectors compare the
tickets with the numbers of fish recorded in vessel logbooks to obtain
estimates of average weights.

4.4/ A carton of frozen large salmon contains 3 or 4 fish, a carton of
frozen small salmon approximately 10 fish.
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Statistics reported to INPFC for the landbased offshore driftnet fishery
have been sadly lacking in detail. Prior to 1970, with the exception of
1962, only the annual catches by small and large vessels combined and
monthly catches by the large vessels were reported. No areal breakdown
was given. In 1970-73, tonnages of salmon caught monthly by the larger
vessels were reported separately for waters east and west of 165°E. Catch
and effort data for 1974-75 and also 1962 were reported for the larger
vessels by 2° x 5° statistical areas and month. Much more would be known
about the operations of the fishery and its impact on North American
salmon runs 1if the catch and effort data had been reported in the same
detail as for the mothership fishery.

4,2.2 Japan~U.S.S.R. Fisheries Treaty for the Northwest Pacific Ocean
4,2,2.1 Catch Quotas

The Japanese-Soviet Northwest Pacific Fisheries Commission has set catch
quotas for Japan's high seas salmon fisheries since 1957, The Ministry
of Agriculture and Forestry of Japan allocates the quotas to various fish-
eries in Area A, Area B and the Japan Sea. Annual quotas and allocations
are given in Table 4.2. Year-to-year changes are depicted in Figure 4.3
for even- and odd-numbered years, the quotas for the two sets of years
being different because Asian pink salmon are more abundant in odd-num-
bered years than in even-numbered years.

Table 4.2.—Catch quotas and allocations for Japanese salmon fisheries, in
metric tons, 1957-76 (round weights).

Area A Area B and Japan Seai/ Total
Mothership Landbased off- Landbased off- Landbased off- Japan Sea b/ All areas
Year| fishery shore fishery Total [ shore longline shore driftnet gillnet & longline— Total | & fisheries
1957 87,000 20,000 107,000 No quota 120,000%;
1958 85,169 18,333 103,502 " 1 110,000=
1959 70,834 14,166 85,000 " e 85,000
1960 54,000 13,500 67,500 i " 67,500
1961 53,600 11,400 65,000 " " 65,000
1962 44,665 10,335 55,000 Quota not allocated 60,000 115,000
1963 46,290 10,710 57,000 " = B 63,000 120,000
1964 44,665 10,335 55,000 14,760 37,240 3,000 55,000 110,000
1965 45,478 10,522 56,000 15,700 39,800 3,500 59,000 115,000
1966 38,981 9,019 48,000 12,610 32,390 3,000 48,000 96,000
1967 42,635 9,865 52,500 14,700 37,400 3,400 55,500 108,000
1968 37,763 8,737 46,500 12,180 31,370 2,950 46,500 93,000
1969 40,400 9,350 49,750 14,000 35,450 5,800 55,250 105,000
1970| 36,545 8,455 45,000 11,150 28,750 5,100 45,000 90,000
1971 37,357 8,643 46,000 12,300 31,400 5,300 49,000 95,000
1972 35,236 8,174 43,500 e/ 38,600 4,900 43,500 87,000
1973 35,732 8,268 44,000 e/ 41,800 5,200 47,000 91,000
1974 33,702 7,798 41,500 e/ 36,700 4,800 41,500 83,000
1975 34,108 7,892 42,000 e/ 40,000 5,000 45,000 87,000
1976 32,484 7,516 40,000 e/ 35,400 4,600 40,000 80,000
1977 23957 5,543 29,500 E/ 28,300 3,600 32,500 62,000

a/ Outside territorial waters on both the Pacific Ocean and Japan Sea sides of Japan.
b/ Including the driftnet fishery in Tsugaru Strait (Fishery No. 7 of Table 2).

¢/ Includes 13,000 m.t. for the mothership fishery in the Okhotsk Sea.

d/ Includes 6,498 m.t. for the mothership fishery in the Okhotsk Sea.

e/ Fishery discontinued.

DATA SOURCE: Fisheries Agency of Japan (communicated to American Embassy, U.S. Dept. of State, Tokyo).
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During the early years of the Japanese-Soviet Fisheries GCommission, catch
quotas were reduced sharply in both the odd- and even-numbered years in
Area A. Annual reductions from the early 1960's through 1976 were not
as sharp but their cumulative totals over the years were substantial.
The 1977 quota was again reduced sharply--by approximately 30% from the
1975 quota.

Catch quotas in Area B and the Japan Sea combined have also been reduced
substantially since they were first imposed in 1962, the sharpest annual
reduction (12,500 mt) applying to the 1977 quota.

The catch quotas and allocations are for all species of salmon combined.
With one exception, the Japan~Soviet Commission has not set catch quotas
for individual species. The exception is the restriction on the number
of sockeye that the mothership fishery has been allowed to catch in recent
years, a matter taken up in the following section.
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Figure 4.3.--Catch quotas for Japanese salmon fisheries in Area A and outside
the territorial waters of Japan in Area B and the Japan Sea,
1957-77. (See Figure 4.1 for area boundaries and Table 4.2
for separate quotas for the Okhotsk Sea in 1957-~58 and alloca-
tions to fisheries.)
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4,2,2,2 Time-Area Closures, Vessel Limitations and Restrictions, and
Sockeye Catch Quotas

Information on all of the time-area closures and vessel limitations and
restrictions imposed on Japan's high seas salmon fisheries during the
early years of the Japanese-Soviet Fisheries Commission is not available.
Some that were imposed are as follows: (1) the Okhotsk Sea was closed
to fishing by Japanese salmon motherships after 1958; (2) the western
boudary of the North Pacific mothership fishing area off the southeast
coast of the Kamchatka Peninsula, an area where Asian salmon concentrate
in large numbers while migrating to their spawning streams, was moved
from 155°E in 1958 to 160° in 1959; and (3) minimum distances between
gillnet sets in the mothership fishery were required to be 10 km (6.2
miles) in waters west of 170°25'E and 8 km (5.0 miles) in waters east
of that longitude.

Turning to more recent years, Figure 4.4 shows the Japanese-Soviet
time-area closures, vessel limitations and catch quotas for sockeye
imposed on Japan's high seas salmon fisheries in 1973-76. Although all
seven ‘'of the restrictions were established with the view toward control-
ling high seas interceptions of salmon originating in U.S.S.R. streams,
some of them perhaps also served to control or reduce interceptions of
North American salmon, specifically western Alaska chinooks (and possibly
chums) in the case of the fifth restriction, Bristol Bay sockeye in the
case of the sixth restriction, and possibly western Alaska chinooks in the
case of the seventh restriction.

In 1977, all waters within 200 miles of the U.S.S.R. coast were closed
to Japan's high seas salmon fisheries. Information on other restrictions.
such as those which were in effect during 1973-76, is not available.

4,2,2,3 Patrol Vessels and Inspectors

Procedures for patrolling and inspecting Japan's high seas salmon fish-
eries in 1977 are not known, but, as of the 1976 season, the mothership
fishery was patrolled by six Japanese and two or three Societ enforcement
vessels. Additionally, the Fisheries Agency of Japan had two inspectors
aboard each mothership. The landbased driftnet fishery was patrolled by
four Japanese enforcement vessels with Soviet inspectors aboard from time
to time.

Officers on the patrol vessels check licenses, fishing locations, lengths
of nets, mesh sizes, and distances between gillnet sets (in the mothership
fishery). In the landbased fishery they also count the number of vessels
fishing in various areas; obtain catch data from a sample of the vessels;
and make estimates of total catches which are communicated by radio to
inspectors stationed in the home ports. The inspectors aboard the mother-
ships certify the accuracy of fishery statistics and communicate them
daily to the chief inspector (aboard a patrol vessel) who in turn
transmits them by radio to the Fisheries Agency of Japan. The inspectors
also check catcher=boats for compliance with gear limitations and re-
strictions; make certain that catches are transferred daily from catcher-
boats to motherships; verify mothership logs for position and weather and

sea conditions; and sample the catches for biological data (sex, body
weight and age).



600 N RESTRTICTIONS
1 Limited to 100 vessels,

April 30 through May 30.

2 Limited to 150 vessels,
April 30 through May 30.

3 Closed to fishing, May 15
through June 25/30.
(June 25, 1973-75 and
June 30, 1976.)

MOTHERSHIP
FISHING AREA

OKHOTSK SEA

55°Nr-

4 Limited to 3 motherships,
May 15 through June 20/25.

N (June 20, 1973-75 and
= June 25, 1976.)

b A 5 Closed to fishing after
2 8. .gp0" 8 June 30.
%

6 Total catch of sockeye in

: &\ 3 \/ 4 Area A limited to following:
500N - & N2 1973 ~ 7.0 million fish ,
1974 - 6.0 " "
o* Ared 1975 -~ 5.4 . it
3 Ne . : A 1976 - 3.0 C] "
“ g 6 0f the above total, .cagch
I \ PR of sockecye north of 48°N
él ;\ Pa ee s s e 6 s 68 08 008 b @ e e . and west of 16501:‘. limited

: 2 to the following:
o NE— S SR g :
45 N Bl . = 1973 - 2.25 million fish
1974 - 1.80 " "
5 2 B 1975 - 1.50 " "
1976 - 0.50 " "

7 Limited to 2 motherships
throughout the season.

LANDBASED OFFSHORE DRIFTNET FISHING AREA

40°Np

R

. T T L T T N R

1 1 1 1 1 1
180°

i L
I50°E 160°E I70°E

Figure 4.4. Time-area closures and sockeye salmon catch lirpits established fo:f' Japanese
high seas salmon fisheries by the Japanese-Soviet Nort}_lwest.Pa01flc
Fisheries Commission, 1973-76. Information source: Fisheries Agency of
Japan (communicated to American Embassy, U.S. Dept. of State, Tokyo).
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4.2.3 1International Convention for the High Seas Fisheries of the North
Pacific Ocean

4.2.3.1 Abstention Provisions

The International Convention for the High Seas Fisheries of the North
Pacific Ocean, commonly referred to as the North Pacific Fisheries Treaty,
was signed by Canada, Japan and the United States in May 1952 and entered
into force in June 1953. The salient feature of the Convention in regard
to regulation of Japan's high seas salmon fisheries was the establishment
of provisional lines at 175° in the Bering Sea and 175°20'W in the North
Pacific Ocean east of which Japan 7gree? to abstain from fishing for
salmon for a period of 5 years.ﬁ:i 4.0/ Extension of the abstention
provisions beyond 5 years (1958) required the United States to demonstrate
that its salmon stocks reasonably satisfied three conditions for absten-
tion, the conditions being, in effect, that the stocks were fully
utilized, properly managed, and extensively studied.

Since the Convention entered into force, there have been no changes in
the provisional salmon abstention lines, and the United States has sub-
mitted to INPFC numerous documents which, in its view, clearly demonstrate
that its salmon stocks satisfy all the conditions for abstention. s’
In 1959, Canada agreed that the evidence submitted by the U.S., demon-
strated that Bristol Bay sockeye salmon stocks were being fully utilized.
Japan's position over the years, however, has been that neither the United
States mnor Canada has submitted sufficient evidence to demonstrate that
their salmon stocks meet the conditions for abstention. No agreement had
been reached on the matter and INPFC has made no recommendation that any
of the salmon stocks originally covered by the abstention provisions of
the Convention no longer meet the conditions for abstention. Hence, Japan
has been obligated to ibgyain from fishing for salmon east of the pro-
visional abstention lines.——

4.5/ In the Bering Sea, the provisional line follows the meridian of
175°W from the Aleutian Islands to approximately 63°N, then arcs
and angles north and east to Cape Prince of Wales on the west coast
of Alaska., In the North Pacific Ocean, the provisional line follows
the meridian passing through the western extremity of Atka Island.

.6/ GCanada also agreed to abstain from fishing for salmon in high seas
waters east of 175°W in the Bering Sea.

£~
~
~

0f 38 salmon abstention documents submitted to INPFC by the United
States over the past 20 years, 32 have been published by INPFC.
The remaining 6 documents, which were submitted in recent years,
are expected to be published in the near future.

4,8/ Canada has also continued to abstain from fishing for salmon east
of 175°W in the Bering Sea.
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4,2,3.,2 Surveillance and Enforcement by the United States

United States law enforcement officials of the National Marine Fisheries
Service and Coast Guard make frequent patrols along the salmon abstention
lines and over a broad area north and south of the Aleutian Islands.
Vessels and aircraft are used in these patrols. The purpose is to check
for conformance with or violations of U.S. laws and fisheries agreements
the United States has not only with Japan but other nations as well. From
time to time, U.S. enforcement officers board the Japanese salmon vessels
west of the abstention lines. Such boarding takes place after permission
from appropriate Japanese officials is obtained.

During the course of surveillance activities in July 1974, U.S. officials
observed 22 vessels from the landbased driftnet fishery between 176°W
and 180° at approximately 49°N. One of the vessels was fishing. In May
1976, 37 vessels from the same fishery were observed between 180° and
173°E, 49°N to 50°N., No nets were seen in the water. The areas in which
the vessels were observed in the two years are far to the north of the
fishing area for which they are licensed by the Fisheries Agency of Japan
(Figure 4.1) and are areas in which North American salmon are present.
Although only one of the vessels was seen to be fishing, it is not known
how much more fishing, if any, was done by the 59 vessels before or after
having been sighted. Nor is it known how many, if any, North American
salmon were intercepted. Notwithstanding the lack of information on these
matters, the presence of the landbased driftnet vessels in the waters
mentioned is cause for concern about their impact on North American salmon
and the accuracy of catch statistics reported for the fishery, in addition
to raising doubts as to the effectiveness of Japan's enforcement of its
domestic fisheries regulations.

4,2.3.3 Violations of the Abstention Lines

A number of violations of the salmon abstention lines by Japanese vessels
from both the mothership and landbased driftnet fisheries have been ob-
served by U.S. enforcement officers since 1961. From 1961 through 1975,
31 wvessels were sighted east of the abstention lines--25 in the North
Pacific Ocean, 6 1in the Bering Sea. In most instances, the violating
vessels were observed one or two degrees of longitude east of the
abstention lines. Seven vessel, however, were observed fishing in the Gulf
of Alaska between 153°W and 158°W, 52°N-58°N, such location being hundreds
of miles east of the abstention line at 175°20'W in the North Pacific
Ocean.

4,2.,4 Recent Regulatory Developments

Under Public Law 94-265, cited as the Fishery Gonservation and Management
Act of 1976 (FCMA), the United States established exclusive fishery
management authority over salmon of U.S. origin within a 200-mile fishery
conservation zone and also throughout their migratory range beyond the
zone, except when they <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>