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FOREWORD

Hakes, densely schooling, codlike fishes, are a valuable resource for
many of the world’s commercial fishing fleets. In 1967, hakes contributed
about 1.6 million metric tons, or 3.4 percent of the world marine catch.

In recent years, the Pacific hake, Merluccius productus, has been
studied extensively by the Department of the Interior’s Bureau of Com-
mercial Fisheries. The resulting information on harvesting methods,
economics, biological considerations, and aspects of utilization will assist
both the fishing industry and management agencies in wise and profitable
use of this resource.

This Circular provides a ready summary of present knowledge of the
Pacific hake. Included are papers deseribing the worldwide hake resource
and operations of the Soviet hake fleet off our Pacific Coast.

Leslie L. Glasgow
Assistant Secretary for Fish and
Wildlife, Parks, and Marine Resources
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Importance of the Worldwide Hake, Merluccius, Resource
By

RICHARD B. GRINOLS, Fishery Biologist

Bureau of Commercial Fisheries Exploratory Fishing and Gear Research Base
Seattle, Wash. 98102

and
MICHAEL F. TILLMAN, Teaching Assistant

College of Fisheries University of Washington
Seattle, Wash. 98105

ABSTRACT

Aspects of hake taxonomy, biology, and world fisheries are reviewed from the
literature. Of the 11 nominal hake species, 6 represent a substantial segment of
the total gadoid species landed in the world and play an important role in world
fisheries economy. The historical development of the fishery for six species of hake
is discussed.
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INTRODUCTION

Hakes of the genus Merluccius (fig. 1) are
represented in all coastal areas throughout the
Atlantic and Pacific Oceans, except the north-
west Pacific, and their increasing importance
in the world fisheries has resulted in a prolif-
eration of literature describing the biology and

We have re-
viewed pertinent literature with the aim of

the fisheries of various species.

summarizing the general biology of the com-
mercially important species and the develop-
ment of current hake fisheries.

Figure 1.—Photograph of an adult Pacific hake taken off the Washington coast (BCF staff photo).

TAXONOMIC STATUS

Of the several commercial codlike species
taken from the cooler waters of the Northern
and Southern Hemispheres, the genus Merluc-
cius has rapidly become important in world
fish catches. Marshall (1966) provided the
most recent interpretation for the systematic
position of merlucciid fishes, distinguishing
family Merlucciidae from other groups of
anacanthine fishes: Melanonus, Muraenolepi-
dae, Bregmacerotidae, Gadidae, Moridae, and
Macrouridae. The reader is referred to Svet-
ovidov (1948) and Norman (1966) for other
systematic reviews of merluceciid fishes.

Norman (1937) recognized seven species
of worldwide hake:

1. M. merluccius (Linnaeus) - Europe,
North Africa

2. M. hubbsi Marini - Eastern South
America

3. M. productus (Ayres) - Northeastern
Pacific
4. M. gayi (Guichenot) - Southeastern
Pacific
5. M. bilinearis (Mitchill) - Northwest-
ern Atlantic
6. M. capensis Castelnau - South Africa
7. M. australis (Hutton) - New Zealand,
South America
Ginsburg (1954) increased the number of
species to 11 by recognizing 2 previously de-
scribed ones and deseribing as new 2 more.
He recognized M. albidus from the northwest-
ern Atlantic, formerly in the synonymy of M.
bilinearis; and M. angustimanus from the cen-
tral Pacific, formerly in the synonymy of M.
gayi. He described M. magnoculus from the
Gulf of Mexico and M. polylepis from the tip



of South America (the latter had been re-
corded from South America as the New Zealand
species M. australis).

Including and subsequent to Ginsburg’s
(1954) work, descriptions have been made of
species, subspecies, and independent stocks of
hake off the European, African, and North
American continents (see Cadenat, Doutre, and
Franca in Cabo, 1965). Cabo (1965) recog-
nized and provided a summary of 8 species and
10 subspecies of hake throughout the world.

The taxonomy of Merluccius remains un-
clear. Svetovidov (1948) pointed out that by
existing standards of evaluation, species ref-
erable to Merlucciidae lack the distinctive
characters of other gadoid species and even
subspecies. He stated that, within the limits
of their recorded range, forms of this genus
apparently are not isolated from nearby forms.
This lack of isolation helps to maintain a close
systematic identity, and in reality there may
be fewer than three worldwide species (Baxter
and Pruter').

ASPECTS OF

The biological similarity among hake spe-
cies is as remarkable as their alleged systematic
closeness.

SCHOOLING BEHAVIOR

Hake tend to form large schools over the
Continental Shelf and are found usually near
the bottom during daylight (fig. 3). Their
appearance in schools appears to be related
to availability of food. Hickling (1927) elab-
orated on the availability of European hake
as related to euphausiid, Meganyctiphanes
norwegica, concentrations. Alton and Nelson
(1970) have also reported on the availability
of Pacific hake related to the species of forage
‘organisms.

DIEL MOVEMENT AND
FEEDING BEHAVIOR

Hake undertake diel vertical migrations in
which they move away from the seabed at

! Baxter, J. L., and A. T. Pruter. 1965. Back-
ground resume for Pacific hake workshop meeting.
Bureau Commercial Fisheries Exploratory Fishing and
Gear Research Base, 2725 Montlake Blvd. E., Seattle,
Wash. 98102. Unpublished manuscript.

Lacking the necessary evidence to evaluate
published work, we arbitrarily follow Cabo’s
(1965) summary, with minor modifications
(table 1; fig. 2).

Table 1.—Species of genus Merluccius, their common
names, and area of occurrence

Species Common name Area of occurrence (fig. 1)

M. merluccius European hake Europe and North Africa (in-

cluding the Mediterranean
and adjacent waters)

M. capensis Cape hake (Stockfish) South Africa

M. bilinearis Silver hake Atlantic coast of the United
States and Canada
M. albidus Offshore hake Atlantic coast of the United

States

M. magnoculus ., Gulf of Mexico

M. hubbsi Argentine hake (Merluza)|Argentina
M. polylepis Lo Chile and Tierra del Fuego
M. gayi Chilean hake Chile

M. angustimanus|Panamanian hake Southern California to Panama

M. productus Pacific hake Baja California, Pacific coast

of the United States and
Canada

M. australis New Zealand hake New Zealand

HAKE BIOLOGY

night and return to the bottom near dawn.
This migration is associated directly or indi-
rectly with feeding behavior. Hickling (1927)
reported that European hake move off bottom
at night in apparent pursuit of euphausiids
and other food organisms, which themselves
undertake nocturnal migrations. Rattray
(1947), Davies (1949), and Jones (1967) re-
port the same behavior for cape hake; Bigelow
and Schroeder (1953) and Leim and Scott
(1966) for silver hake; Angelescu and Fuster
de Plaza (1965) for Argentine hake; and Poul-
sen (1958) and Vestnes, Strom, and Villegas
(1965) for Chilean hake.

The feeding behavior of hake clearly dem-
onstrates their opportunistic habits. Bigelow
and Schroeder (1953) reported on the oppor-
tunistic feeding behavior of silver hake, and
Best (1963) on Pacific hake. In line with
this theory, Alton and Nelson (1970) have
suggested that the predominance of a single
food organism in the stomachs of Pacific hake
reflects more on the availability of that or-
ganism than selection of any particular species.
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Figure 2.—Worldwide distribution of hake, genus Merluccius, modified after Cabo (1965).

SEASONAL AND DEPTH
MIGRATIONS

Nearly all commercially important hake
species exhibit a seasonal onshore-offshore
depth migration. Generally, adult and juvenile
European hake move inshore during the spring,
adults for spawning and juveniles for feeding.
After spawning the adults move back into deep
water and are later joined by the juveniles in
wintering areas (Hiekling, 1927). Although
European hake usually move into shallow water
to spawn, Hickling (1927; 1930) stated that
some adults spawn in deep water. Adult silver
hake and merluza display a bathymetriec pattern
similar to that of the European hake. It is
likely, however, that merluza spend more time
in the deepwater portion of their depth range
than do European hake because of the long
spawning period of merluza (Hart, 1947; Big-
elow and Schroeder, 1953; Angelescu, Gneri,

4

and Nani, 1958; Fritz, 1960; de Ciechomski,
1967). Cape hake and apparently Pacific hake
exhibit a reversal of the seasonal spawning
cycle outlined above. These two species appar-
ently spawn offshore in deep water during the
winter (Rattray, 1947; Roux, 1949; Dreosti,
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Figure 3.—Echogram showing concentrations of Pacific
hake off the Washington coast (BCF Staff photo).



1967; Best and Nitsos;* Jones, 1967; Nelson,
1967). The migratory habits of the Chilean
hake are unique among hakes in that sexually
mature specimens of intermediate length move
offshore to spawn during the spring and sub-
sequently return to shallow water (Poulsen,
1958; Vestnes, Strom, and Villegas, 1965;
Lengerich N., 1965).

Circumstantial evidence suggests that Pa-
cific hake undertake a latitudinal seasonal move-
ment in addition to the apparent depth migra-
tion. During the fall the bulk of the popu-
lation shifts toward the south, off California,
and then returns to more northerly waters of
Oregon and Washington during the late spring,
summer, and early fall (Nelson, 1967; Till-
man®). Leim and Scott (1966) suggested the
same type of migration for the silver hake.
Irrespective of their spawning migrations,
however, the presence of Pacific hake inshore
appears to coincide with feeding activity in
upwelling productive areas (Tillman, see foot-
note 3).

REPRODUCTIVE BEHAVIOR

Unlike inshore demersal schools of Pacific
hake, offshore spawning populations are often
found concentrated or dispersed at interme-
diate depths within the water column and ap-
parently do not exhibit marked diel vertical
movements. A physiological change might be
responsible for this lack of diel movement,
which has been observed for both the coastal
and Puget Sound populations of Pacific hake
(Nelson, 1967).

Hickling (1927) and Hart (1947), respec-
tively, stated that the European and Argentine
hakes stop feeding before spawning and feed
ravenously afterward. This behavior corre-
sponds to observations on spawning popula-
tions of hake in Puget Sound (Nelson, 1967).
"~ In spawning schools of Pacific hake sex
ratios favor males. Tillman (see footnote 3)

2 Best, E. A., and R. J. Nitsos. 1966. Length fre-
quencies of Pacific hake (Merluccius productus) landed
in California through 1964. California Department of
Fish and Game, Fisheries Laboratory, Terminal Island,
Calif, Unpublished manusecript, 7 pp.

® Tillman, Michael Francis. 1968. Tentative recom-
mendations for management of the coastal fishery for
Pacific hake, Merluccius productus (Ayres), based on
a simulation study of the effects of fishing upon a virgin
population. Masters thesis. University of Washing-
ton, 197 pp.

pointed out that the percentage of males in
spawning populations may be twice that of
inshore, feeding populations for coastal Pa-
cific hake. Larkins, Shippen, and Waldron*
found similar sex ratios for spawning Pacific
hake in Puget Sound and offered the explana-
tion that males concentrate on the spawning
grounds while the females are transient (i.e.,
the latter arrive, ripen, spawn, and then move
out).

With the exception of the two dominant
South American species, reports indicate that
hakes have brief annual spawning seasons var-
iable by species throughout the year. Most spe-
cies spawn from spring to early fall (Hickling,
1933; Raitt, 1933; Bigelow and Schroeder,
1953; Fritz, 1960; Leim and Scott, 1966;
Jones, 1967; Marak, 1967). The European
hake in the Adriatic, cape hake, and the
Pacific hake, however, spawn during winter
(Ahlstrom and Counts, 1955; Paul, 1960; Bas-
ioli, 1965; MacGregor, 1966). Hickling (1927)
suggested that the spawning time of geograph-
ically distinet populations of European hake
varies clinally by latitude — the more northern
populations spawn later in the year than the
southern. The same phenomena has been re-
ported for the Pacific hake (Larkins et al.,
see footnote 4).

The Argentine and Chilean hake appear to
spawn continuously or several times each year.
Although the Argentine hake shows a pro-
nounced increase in reproductive activity from
November to February (Hart, 1947; Angel-
escu, Gneri, and Nani, 1958; de Ciechomski,
1967), and the Chilean hake, a pronounced
peak during October and November (Poulsen,
1958 ; Fischer, 1959), both appear to spawn
from July through April.

EGG AND LARVAL DEVELOPMENT

The European hake (Graham, 1956) cape
hake (Matthews and de Jager, 1951), silver
hake (Bigelow and Schroeder, 1953), Chilean
hake (Poulsen, 1958), and Pacific hake (Ahl-
strom and Counts, 1955) apparently produce
transparent, spherical pelagic eggs that hatch

¢ Larkins, Herbert, Herbert H. Shippen, and Ken-
neth D. Waldron. 1967. Features of a northern Puget
Sound hake population. Bureau of Commercial Fish-
eries Biological Laboratory, Seattle, Wash. Unpub-
lished manuscript, 19 pp.



into pelagic larvae. The incubation period of
the eggs is from 2 to 14 days. Graham (1956)
reported that eggs of European hake hatch 10
to 14 days after fertilization. Artificially fer-
tilized and reared eggs of cape hake hatched
after 2 days of incubation (Matthews and de
Jager, 1951). Bigelow and Schroeder (1953)
assumed that the incubation period of silver
hake eggs was 2 days at 44.6° to 55.4° F.,
whereas Marak (1967) concluded that the in-
cubation period of offshore hake eggs was 6
to 8 days. Chilean hake eggs required 4 days
to hatech when artificially incubated at 54.5°
to 59.0° F. (Poulsen, 1958).

Newly hatched larvae of hake generally are
undeveloped. Pacific hake emerge before a
functional mouth develops and before the ocu-
lar pigment appears (Ahlstrom and Counts,
1955). The time between hatching and the
development of a functional mouth is 7 to 14
days for the European hake (Graham, 1956),
36 hours for the cape hake (Matthews and de
Jager, 1951), and 414 days for the Chilean
hake (Fischer, 1959). During the early stages
of their postembryonic existence hake are ap-
parently sustained by nutrients from their
large yolk-sacs.

LENGTH OF PELAGIC EXISTENCE

The length of pelagic existence for young
hake varies among species. The eggs and lar-
vae of the European and cape hake have pro-
longed pelagic existence; they settle to the
bottom at the end of their second year of life
(Hickling, 1933; Rattray, 1947; Graham,
1956). Among other hake species, however, a
long pelagic life is not apparent. Silver hake
descend to the bottom near the end of the first
summer or during the first autumn, after they
complete their larval development (Bigelow
and Schroeder, 1953; Fritz, 1960). Young

Chilean hake spend 2 to 3 years in deep water
where they are spawned then move shoreward
to enter the demersal inshore population
(Poulsen, 1958). Juvenile Pacific hake ap-
parently have a pelagic existence for at least
1 or 2 years (Tillman, see footnote 3).

GROWTH

Generally, male hake grow more slowly than
females. For European hake the differen-
tial growth rate between males and females
does not become readily apparent until the
third year of life (Bagenal, 1954). The growth
rates of silver and Chilean hakes are compa-
rable to that of the European hake (Bigelow
and Schroeder, 1953; Poulsen, 1958), whereas
cape hake grow more slowly than do the other
species (Jones, 1967). The length at maturity
of Chilean hake varies clinally by latitude —
shorter toward the north (Poulsen, 1958). Best
(1963) stated both sexes of Pacific hake ma-
ture at about the same age and length (3-4
years at 15.75 inches); Tillman (see footnote
3) indicated that Pacific hake exhibit sex-spe-
cific rates of growth in which females ulti-
mately become larger than the males.

SIZE COMPOSITION

Studies have shown that hake separate ac-
cording to size. Tillman (see footnote 3) re-
ported that only mature Pacific hake are found
at the northern end of their distribution (ex-
cluding Puget Sound), whereas mature as well
as younger and smaller specimens appear more
southerly. Reports on other hake populations
indicate that the largest specimens are gen-
erally in deeper waters (Bagenal, 1954). Poul-
sen (1958) reported that small and very large
Chilean hake are found offshore in deep water,
whereas medium to large specimens predom-
inate in coastal waters.

HISTORICAL DEVELOPMENT OF THE WORLD HAKE FISHERIES

Relatively large commercial fisheries have
been established for at least six different kinds
of hakes, whereas the five species listed below
are generally unreported in world fishery sta-
tisties.

1. Offshore hake, Merluccius albidus

(Mitehill).

Distribution.—Along the Atlantic
coast of the United States from Georges
Bank southward, overlapping areas oc-
cupied by the silver hake beyond the
50-fathom isobath (Cabo, 1965; Leim
and Scott, 1966; fig. 2).



2. M. magnoculus Ginsburg.

Distribution.—Gulf of Mexico (Gins-
burg, 1954; fig. 2).

3. M. polylepis Ginsburg. - (including rec-
ords of M. australis (Hutton) from South
America).

Distribution.—Off Chile and the tip
of South America (Ginsburg, 1954; fig.
218

4. Panamanian hake, M. angustimanus
Garman.

Distribution.—Ranges north along
western Central and North America,
from the Gulf of Panama into the Gulf
of California (Lavenberg and Fitch,
1966) to offshore from Puristima, Mex-
ico, (Cabo, 1965) northward to Del Mar,
Calif., (Ginsburg, 1954; fig. 2).

5. New Zealand hake, M. australis (Hut-
ton)

Distribution.—Known from Chatham
Island, South Island of New Zealand and
northward to East Cape on North Island
(Hart, 1948; fig. 2).

EUROPEAN HAKE FISHERY

Species: Merluccius merluccius (Linnae-
us) - including subspecies M. m. atlanticus
Cadenat; M. m. mediterraneus Cadenat; M. m.
senegalensis Cadenat; M. m. candenati Doutre.

The European hake fishery was simultane-
ously developed by several western European
nations, and European hake was an important
constituent of the diet for people throughout
western Europe during the latter half of the
past century (Hart, 1948). By the turn of
the century, its popularity decreased in Britain
when the church relaxed emphasis on lenten
fare and improved fishing technology provided
greater quantities of more choice gadoid spe-
cies from northern waters. This decline of
the hake popularity reversed when modern
trawling, especially steam trawling, began to
overexploit nearby fishable stocks, and when
fried-fish shops improved the demand for cod-
like fishes (Hart, 1948).

France, Portugal, and Spain, unable to cap-
italize on distant fisheries, relied on the local
hake resource, particularly throughout the
Mediterranean (Hart, 1948). At the begin-
ning of World War I European hake stocks

were greatly reduced. During the war, how-
ever, these stocks showed signs of recovery,
and catches began to increase. The cycle of
depletion and recovery was repeated up to and
during World War II, (Hickling, 1946; Hart,
1948; fig. 4). Since then hake landings have
decreased in the United Kingdom to a level
comparable with Italy (fig. 4).

Italy’s 1958 entry into the fishery illustrates
the expansion and shift of effort from tradi-
tional European grounds to areas off the coast
of Africa and adjacent Mediterranean coun-
tries (Hart, 1948; Food and Agriculture Or-
ganization of the United Nations, 1966).
Spain, Portugal, and France lead the western
European nations in hake landings, apparently
as the result of greater effort on the new fish-
ing grounds (fig. 4).
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Figure 4.—Landings of European hake, M. merluccius, by
country (Food and Agriculture Organization of the United
Nations, 1966).



Fishing Methods and Fleet

The European hake fishing has kept pace
with modern technology. During the early
stages of the fishery handlines and nets were
used. Fish taken by handlines brought higher
prices than those taken by nets (Hart, 1948).
Handlines continue to provide high-quality
hake in Spain (Capont, 1961), and a midwater
longline fishery has been reported off Tarbert
(Bagenal, 1954). Trawlers have been modified
in various ways and have evolved from smacks
to the modern refrigerated vessels that consti-
tute today’s offshore fleets (Grzywaczewski,
Huelle, Szmid, and Swiecicki, 1959; Cutting,
1961; Remy, 1961; Capont, 1961; Houk, 1961).
To harvest African hake stocks, some western
European nations have designed large offshore
trawlers that have a greater range and can
remain at sea for longer periods than their
predecessors. This change has created a need
for more skillful erews and more elaborate
holding facilities than for vessels participating
in the shore-based fishery (Grzywaczewski et
al.,, 1959; Cutting, 1961). The distant-water
trawlers are capable of refrigerating and salt-
ing fish, whereas the shore-based boats essen-
tially haul fresh (iced) fish, thus limiting their
operational time to 2 to 3 weeks.

On-deck processing of freshly caught hake
has been vastly improved on vessels fishing
off the northeastern Africa coast. Hake in
these waters have a protozoan parasite that
destroys muscle tissue soon after capture
(Cutting, 1961; Cabo, 1965). Unless properly
dressed and frozen before rigor mortis, the
flesh becomes “pulpy” and unpalatable.

Distribution and Major Fishing Grounds

The European hake ranges from Norway
and the Skagerrak and from west of Scotland,
southward along the edge of the European
Continental Shelf to Dakar on the coast of
Senegal — a local race is reported from Cape
Verde. It is common throughout the Mediter-
ranean, and an occasional fish is caught off
Iceland and Greenland and in the southern
North Sea (Norman, 1937; Hart, 1948; Ba-
genal, 1954; fig. 2). Hart (1948) suggested
that the wide range probably results from the
diverging current systems off the west coasts
of Europe and North Africa; to the north are

relatively warm currents that move northward
off Europe, whereas a relatively cold current
flows southward along the northwestern Africa
coast.

Major fishing effort is expended on con-
centrations that occur along the west coasts
of Scotland, Ireland, and the northwest coast
of Africa, at depths to 300 fathoms (Graham,
1956; fig. 2) and in the Mediterranean (Hart,
1948; fig. 2).

Management

Because of international participation in the
western European hake fishery, cooperation
of all nations using these stocks is necessary
for effective management. Unlike other in-
ternational fisheries, full cooperation was not
achieved until the stocks were seriously de-
pleted (Hickling, 1946; Graham, 1956; Eng-
holm, 1961). During the 1930’s, British bi-
ologists unilaterally adopted a scheme of reg-
ulating mesh sizes as a means of managing
the hake fishery (Graham, 1956). This man-
agement practice was designed to increase the
size of the stocks and their subsequent yield
by increasing the survival of the youngest age
groups (Gulland, 1956; Engholm, 1961). The
scheme was approved in principle by an inter-
national conference held in 1936 and 1937, and
adopted by the International Conference on
Overfishing in 1946. The latter conference
established a Permanent Commission with
powers to define and enforce regulatory meas-
ures. In 1954 a minimum mesh size was
adopted and was required for boats fishing
between lat. 48° N. and 62° N. and long. 42° W.
and 32° E. In 1956 the minimum mesh size
was again increased following selectivity ex-
periments by the International Council for the
Exploration of the Sea, the scientific body
adopted by the Permanent Commission as its
investigative arm (Engholm, 1961).

Increased use of European hake stocks
from traditional areas together with fishing on
new grounds created a need for the Northeast
Atlantic Fisheries Convention in 1959. This
meeting resulted in the expansion of the man-
agement area southward to lat. 36° N. and east-
ward to include the north coast of the Soviet
Union (fig. 2). The Permanent Commission
was given power to regulate by other measures,



such as seasonal restrictions, area closure, or
catch quotas. The traditional European hake
grounds are now regulated by an international
convention; new grounds, however, are ex-
cluded and management in these areas is at the
discretion of the participating countries (Eng-
holm, 1961; fig. 2).

CAPE HAKE OR
STOCKFISH FISHERY

Species: Merluccius capensis Castelnau -
including M. m. polli Cadenat; M.m. paradoxas
Franca.

At the end of the 19th century, South Africa
began the fishery for cape hake or stockfish.
A new inland market created by technological
advances in cold storage facilities and improved
railway transportation led to the import of
steam trawlers from the United Kingdom
(Dreosti, 1961).

The cape hake, despite its poor keeping
quality, is the most valuable commercial spe-
cies landed in the Union of South Africa (Food
and Agriculture Organization of the United
Nations, 1966). Fish are headed, gutted, and
iced for fresh fish markets; heads and offal are
reduced to white-fish meal; and vitamin A is
extracted from the livers (Dreosti, 1961). The
best of the trawl-caught fish are filleted and
smoked. In addition quantities are salted,
dried, and canned (Dreosti, 1961). Smoked
fillets and frozen blocks of hake are exported
to European markets (Marchand, 1935; Pa-
cific Fisherman, 1966). During the last dec-
ade, quick-freeze plants have been developed
to produce home convenience products, such as
frozen fillets and fish sticks (Dreosti, 1961).

The cape hake fishery began off Cape Pe-
ninsular and then moved northward to the
Luderitz grounds (about 800 miles north of
.Cape Town) as foreign vessels began to par-
ticipate in the fishery. Part of the South Afri-
can fleet was diverted to the northern grounds
but there the catch rates declined and the fish-
ery was not profitable (Jones, 1967; fig. 2).
The fleet soon returned to the Cape region.

Landings of cape hake have increased
steadily during recent years (fig. 5). In the
early 1960’s Japanese and Spanish explora-
tory vessels appeared along the western coast
of Africa, preceding the beginning of a large
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Figure 5.—Landings of cape hake, M. capensis, by country
(Food and Agriculture Organization of the United Na-
tions, 1966).

foreign fishery for hake off the continent. Soon
the U.S.S.R., Israel, West Germany, Portugal,
Poland, and Greece joined the foreign fleet. As
a result the total landings have increased from
100,000 tons in 1961 to over 200,000 tons in
1965 (Jones, 1967; fig. 5).

Fishing Methods and Fleet

During the early developmental stage of the
cape hake fishery, bottom trawlers competed
with handliners in shallow water (40-80 fath-
oms) for the resource, but now trawlers com-
pletely dominate the fishery and a considerable
portion of the catch comes from 100 to 300
fathoms (Marchand, 1935; Smith, 1961).
Jones (1967) reported that most of the South
African fishing fleet is equipped primarily for
a nearshore fishery, whereas the foreign fleets
are equipped for an offshore fishery and have



large freezer trawlers with or without factory
facilities.

Distribution and Major Fishing Grounds

The cape hake ranges from Port Elizabeth
in the southeast, off South Africa, over the
Agulhas Bank in the south, and northward
along the west coasts of South and Southwest
Africa to about southern Angola (Jones, 1967 ;
fig. 2). Under the influence of the cold, north-
ward flowing Benguela Current, this hake is
most abundant on the west coast and ranges
as far north as Angola, lat. 10° S. The warm,
southward flowing Mozambique Current limits
its northern range on the east coast to only
as far north as Natal, lat. 28° S. (Hart, 1948).

Management

The cape hake fishery is regulated only by
the South African Government. For local
trawlers minimum cod end mesh size is in ef-
fect and no hake may be discarded at sea (Jones,
1967). Apparently the international fishery
uses the same mesh size as the South African
fishery (Jones, 1967).

SILVER HAKE FISHERY

Species: Merluccius bilinearis (Mitchill).

Prior to the mid-19th century the silver
hake or whiting was discarded as trash because
of its poor keeping qualities. Silver hake did
not salt well, and the flesh became soft and taste-
less unless refrigerated or eaten very soon after
capture (Jensen, 1967). Inabout 1840 the New
England fisherman began catching silver hake
for the local fresh fish markets; later it was
used as bait in a hook and line fishery for spiny
dogfish, which was intended for guano and oil
(Jensen, 1967). A limited fishery for hake
continued during the 1920’s, mostly to supply
fried-fish shops in north-central United States.
An active food fishery began in the 1930’s when
a market for frozen hake was developed (Jen-
sen, 1967). This market continued to grow,
and by 1940 nearly half of the annual catch was
being frozen and represented as much as 11
percent of the total frozen fish produced in
the United States (Hart, 1947).

10

In recent years, silver hake have been made
into meal for the animal food and other in-
dustrial markets (Fritz, 1960; Jensen, 1967),
but human consumption still accounts for the
greatest proportion of the U.S. catch. Silver
hake are frozen in the round, headed and gutted,
or filleted (Fritz, 1960).

Product diversification provided the basis
for the expansion of the fishery into the second
most important industrial species on the east
coast (Fritz, 1960). The entry of the U.S.S.R.
in 1962 further expanded the fishery, which is
now the world’s largest hake fishery in weight
landed (fig. 6). The United States landings
have remained relatively constant during the
last decade, but the Soviet high-seas fleet now
catches over six times that amount (fig. 6).
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Figure 6.—Landings of silver hake, M. bilinearis, by
country (Food and Agriculture Organization of the
United Nations, 1966).



Fishing Methods and Fleet

The silver hake fishery began inshore with
pound and trap nets. As the market grew
during the 1930’s, the New England trawl fish-
ery expanded to meet increased demands for
frozen hake (Hart, 1947; Fritz, 1960). During
the 1940’s, an increasing number of U.S.
trawlers began to harvest hake along the en-
tire coast, inshore as well as offshore (Taylor,
Bigelow, and Graham, 1957; Fritz, 1960). The
Soviet effort is strictly a high-seas operation.
To compete with Soviet fishing the United
States fleet has undertaken a program of gear
and vessel modernization.

Distribution and Major Fishing Grounds

The silver hake ranges along the Atlantic
coast of Canada and the United States from the
southern and eastern part of the Gulf of St.
Lawrence and southern Newfoundland to off
South Carolina (Ginsburg, 1954; Leim and
Scott, 1966; fig. 2). Hart (1948) linked the
northerly, abundant part of the distribution
with the major hydrographic feature of the
area, the Labrador Current. The silver hake
is caught commercially along the inshore waters
of the North Atlantic coast over Georges Bank,
rarely in depths over 100 fathoms (F'ritz, 1960;
Leim and Scott, 1966).

Management

Should it become necessary, in face of the
intensified effort by the Soviets and United
States, the ICNAF (International Convention
on Northwest Atlantic Fisheries) has the au-
thority to apply regulatory measures to con-
serve the silver hake stocks within the ICNAF
area (Engholm, 1961).

ARGENTINE HAKE OR
MERLUZA FISHERY

Species: Merluccius hubbsi Marini.

The fishery for the merluza or Argentine
hake began in the 1920’s as a small, shallow-
water trawling industry at the mouth of the
Rio de la Plata. Landings were first marketed
in Montevideo, then in Buenos Aires, following
the failure of the Uruguayan enterprise (Hart,
1947, 1948). From its inception, the fishery
for merluza was based on a fresh-fish market

(Anonymous, 1961), but its growth was limited
by two factors — merluza were infested with
a protozoan parasite, which affected their keep-
ing quality (Angelescu et al., 1958), and invest-
ment capital was not available for the fishery.
Thus the technology required for proper de-
livery and storage of high-quality seafood pro-
ducts did not develop. A flourishing fresh-fish
market, however, did develop in Buenos Aires
where quality fish could be obtained from near-
by fishing grounds (Anonymous, 1961).

Although the industry was technologically
depressed in its early stages, refrigeration and
quick-freeze facilities have become available
within the last decade, and the city of Mar
del Plata has become a center for frozen fish
(Anonymous, 1961). At first frozen fillets
were used for local consumption (Anonymous,
1961), but later, additional quantities were pre-
pared for export to the United States as frozen
fish blocks (Pacific Fisherman, 1966). Total
catches have continued to increase in recent
years (fig. 7).
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Figure 7.—Landings of merluza, M. hubbsi, in Argentina
(Food and Agriculture Organization of the United Na-

tions, 1966).

Fishing Methods and Fleet

The merluza is caught principally by the
Argentine trawl fleet, which is relatively small
and is divided between an inshore and an off-
shore operation. Vessels in the coastal fishery
have 44 to 130 gross tonnage, whereas the
offshore trawlers have 144 to 372 gross tonnage
(Anonymous, 1961). To supply increased
market demands, the offshore fleet tried new
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trawling techniques. Fishermen soon took
large catches of merluza when the gear was
fished off bottom. Occasionally two-boat trawl-
ing has been undertaken (Argentina, Secre-
taria de Marina Servicio de Hidrografia Naval,
1966).

Distribution and Major Fishing Grounds

Hart (1947), Angelescu et al. (1958), and
Cabo (1965) set the Straits of Magellan and
Tierra del Fuego as the southernmost limit of
merluza distribution. It mixes there with the
Chilean hake, M. gayi and M. polylepis (Cabo,
1965) and ranges north along the east coast
of South America to the convergence of the
inshore Falkland and offshore Brazil currents
(Hart, 1948). This convergence of northerly
flowing cold water and southerly flowing warm
water varies seasonally but generally occurs at
about lat. 30° S. off southern Brazil (fig. 2).

Most of the fishing is on the Bonaerense
section of the northern Argentine Continental
Shelf (Anonymous, 1961). Exploratory sur-
veys have shown that the species is abundant
as far south as the southern Patagonian region
(lat. 50-54° S.); however, insufficient local
markets and inadequate technology have lim-
ited the fishery to the northern region (lat. 42-
46° S.) (Hart, 1946). The present deepwater
fishery operates in depths between 55 and 135
fathoms (Angelescu et al., 1958; Angelescu and
Fuster de Plaza, 1965).

Management

Despite recent attempts to increase pro-
duction of merluza, the stocks of hake off Ar-
gentina appear to be sufficient to withstand the
present fishing effort and are in little danger
of overexploitation (Pacific Fisherman, 1966).

CHILEAN HAKE FISHERY

Species:  Merluccius gayi (Guichenot) -
including M. gayi peruanus Ginsburg and M. g.
gayi (Guichenot).

During the 1940’s the Chilean hake was
marketed only as a fresh food item (Lengerich
N., 1965). In the mid-1950’s the demand for
fish meal became so great that the demands
of the fresh market were not filled. German
fishing vessels with modern trawl gear were

12

called in by fish meal plants to supply the in-
creased demand (Poulsen, 1958). In the early
1960’s a large reduction industry developed in
two areas: a site in northern Chile produced
fish meal for export, and another in central
Chile prepared fish meal for feeding to local
pigs and poultry. Landings show the rapid
development of these industries (fig. 8).

The Chilean Government imposed catch lim-
its that suppressed the meal industry (Tilic and
Maschke, 1965). Although a market exists,
the supply continues to lag behind demand
(Tilic and Maschke, 1965; Tilic and Mery,
1966). As a result of these production limits,
the Chilean hake industry is now seeking a
greater economic return by processing frozen
hake and fish protein concentrate, and deem-
phasizing reduction. New plants are freezing
hake for export; more plants are being built
for this purpose. With existing production
quotas, investors believe that they will receive
greater economic return by supplying the fro-
zen fish market than the fish meal market (Tilie
and Maschke, 1965).

In Quintero, Chile, a plant uses hake to
produce fish protein concentrate and canned
fillets (Institute of Marine Resources, 1965).
The high-quality, inexpensive, flourlike concen-
trate derived from hake is suitable as a human
diet supplement. The product is odorless and
tasteless and can be readily transported and
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Figure 8.—Landings of Chilean hake, M. gayi, in Chile
(Food and Agriculture Organization of the United Na-
tions, 1966).



stored for use in programs supported by the
National Health Service of Chile (Allen, 1963).
Because Chile is relatively poor in protein (Tilic
and Maschke, 1965), this new use of hake may
bring about another possible change in em-
phasis on the use of hake.

Fishing Methods and Fleet

Before 1951 the hake fishery consisted of
Chilean fishermen working from small boats
with nets or hook and line. The Chilean hake
fishery is principally land-based and is now
operated by fewer than 50 trawlers of less than
110-gross ton capacity (Institute of Marine
Resources, 1965). An inshore, summer fishery
is operated by small boats using handlines
(Vestnes, Strom, and Villegas, 1965).

Distribution and Major Fishing Grounds

Influenced by the cold, northerly flowing
Peru Current, the Chilean hake is distributed
along much of the west coast of South America.
Hart (1948) set the northern limit at Paita in
northern Peru at lat. 4° S., and Cabo (1965)
set the southern extreme of its distribution at
the Straits of Magellan and Tierra del Fuego.
In the south the Chilean hake apparently inter-
mingles with other hake species (fig. 2).

Throughout its range, the Chilean hake is
known to be concentrated only in northern and
central Chile where it is the basis of an ex-
tensive trawl fishery (Hart, 1948; fig. 2). Al-
though the complete depth distribution is not
known, dense schools of Chilean hake are fished
between 28 and 83 fathoms (Poulsen, 1958).
Large stocks of hake have been reported from
the southern region; this area, because of its
wide Continental Shelf, offers promising trawl-
ing grounds (Institute of Marine Resources,
1965). The Chilean Government is now study-
ing the feasibility of developing the potential
to the south (Vestnes, Strom, and Villegas,
1965; Vestnes, Strom, Saetersdahl, and Ville-
gas, 1965; Vestnes et al., 1966; Del Solar,
1968).

Management

Owing to the rapid development of the hake
fishery during the late 1950’s, landings became
so large that extinction of the hake stocks was

feared by the Chilean Government. Although
this fear was unfounded biologically, it contin-
ued to exist, and in 1961 limits were imposed
on production of the fish meal plants as a means
of conserving the stocks (Tilic and Maschke,
1965).

PACIFIC HAKE FISHERY

Species:  Merluccius productus (Ayres).

Until recently, fishermen regarded the Pa-
cific hake as an abundant nuisance. The pres-
ence of hake has been evident for at least
the past one thousand years (Soutar, 1967).
Fishermen trawling for other species often
have shifted to grounds with no large schools
of hake (Jones, 1960) and gill netters have been
plagued by surface-feeding schools at night
(Clemens and Wilby, 1961). Exploratory sur-
veys by the United States and the Soviet Union
showed that Pacific hake was a large unde-
veloped resource, and that it was the most
abundant gadid (by weight) in the northeast-
ern Pacific Ocean. The U.S. estimate of the
standing stock of Pacific hake in waters from
Oregon to British Columbia is about 1.5 billion
pounds (Alverson, 1968). Alverson, Pruter,
and Ronholt (1964) showed in trawl surveys off
Oregon and Washington that the hake was the
most abundant species at depths between 50
and 99 fathoms and was always one of the
three most abundant species taken between 100
and 299 fathoms.

CalCOFI (California Cooperative Oceanic
Fisheries Investigations) surveys off the Cali-
fornia coast showed that hake larvae represent
19 percent of the total larvae taken for a 15-
year period (Ahlstrom, 1954) and rank second
in abundance to northern anchovy larvae (Ahl-
strom, 1965; MacGregor, 1966). A standing
stock of 4 to 8 billion pounds of hake has been
estimated from these surveys (Ahlstrom,
1968).

Obviously industry did not bypass the hake
resource for lack of abundance. In northern
California, a small industry based on inciden-
tally caught trawl species ground and froze fish
to be fed to pets and fur-bearing animals (Best,
1959; Nitsos and Reed, 1965). Hake accounted
for about 25 percent of the total California
animal food catch (Radcliffe, 1920; Best, 1961 ;
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fig. 9). During the 1930°s, the use of Pacific
hake for pet and mink food declined. Bones
were difficult to grind up and often became
lodged in the throats of animals fed processed
or raw hake (Baxter and Pruter, see footnote
1). A diet high in raw hake caused “cotton-
fur”, an abnormality of domestic fur bearers,
which resulted in an economic loss to the farmer
(Stout, Oldfield, and Adair, 1960). Unless
hake were heated and treated with acid, they
had to be mixed with other types of food. This
requirement limited the amount of hake that
could be used in the animal food industry.

The development of the Pacific hake fishery,
like other hake industries, required costly han-
dling procedures or special refrigeration equip-
ment to provide a palatable product for the
fresh or frozen markets. Without such treat-
ment, Pacific hake will have poor texture and
flavor (Paul, 1960; Heimann, 1963; Ahlstrom,
1965). An infestation of myxosporidian para-
sites apparently causes enzymatic proteolysis
and a softening of the infected tissue shortly
after the death of the fish (Patashnik and
Groninger, 1964; Baxter and Pruter, see foot-
note 1).

A new industry for Pacific hake began in
1965. Figure 9 provides catch data for the
Pacific hake from its use in a multispecies an-
imal food industry to the new technologically
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Figure 9.—Landings of Pacific hake, M. productus, by
country (Lyles, 1968).
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advanced fishery off Washington and Oregon
jointly enjoyed by the Americans and Soviets.
Unlike the development of other world hake
resources, this industry grew rapidly following
extensive research. The intensive fishing ef-
fort was prompted by the increased demand
for fish meal in the United States and food fish
in the Soviet Union (Nelson, 1967). Further
interest in Pacific hake resulted when the U.S.
Food and Drug Administration approved reg-
ulations governing interstate sale of fish pro-
tein concentrate as a diet supplement for hu-
man consumption.

Fishing Methods and Fleet

The fishery on Pacific hake has been ex-
clusively by trawling. At the beginning of the
fishery off Washington, Oregon, and British
Columbia, a technologically advanced extrac-
tion process was developed (Hipkins, 1967;
Johnson and High, 1970; and Nelson, 1970).
Large schools were located by the use of echo ‘
sounders, and catches were made with mid-
water trawls (McNeely, Johnson, and Gill,
1965; Hipkins, 1967; Nelson, 1967). Small
multipurpose United States trawlers and large
distant-water Soviet vessels now participate in
the fishery.

Distribution and Major Fishing Grounds

The Pacific hake ranges from the Gulf of
Alaska to the Gulf of California and occurs |
from shallow shelf waters to depths of 490
fathoms (De Witt, 1952; Clemens and Wilby,
1961; Nelson, 1967). It mixes with the Pan- |
amanian hake throughout the southern extent
of its distribution (fig. 2). According to Al-
verson et al. (1964), major concentrations ap-
pear to be associated with the California under-
current system, which lies between lat. 23° and |
48° N., of the Pacific coast of North America
(Sverdrup, Johnson, and Fleming, 1961). In
the northerly part of its range the Pacific hake
seldom is taken and throughout much of the ‘
Gulf of Alaska it is apparently replaced by
Pacific cod and walleye pollock (Alverson et al, |
1964).

The Pacific hake fisheries are concentrated ‘
in waters off the northern California, Oregon,
and Washington coasts and in the inland waters
of Puget Sound. Most of the catch is taken at |



depths of 35 to 80 fathoms (Hipkins, 1967;
Nelson and Larkins, 1970).

Management
The Pacific hake fishery has not yet become

complicated by conservation management prob-
lems. In joint Soviet-American meetings, bi-
ologists agreed upon a range of yield estimates
in which the upper limit exceeds the landings
currently taken by both fleets (Alverson and
Larkins, 1969).

THE WORLDWIDE HAKE RESOURCE

In the past decade, codlike fishes contrib-
uted about 12 percent to the total world fishery
landings and were second only to herringlike
fishes (Food and Agriculture Organization of
the United Nations, 1966). Hake of the genus
Merluccius, in turn constituted nearly 15 per-
cent of the 1965 total codlike fish production
and has had steadily increasing landings since
1938 (table 2). Important hake fisheries occur
off the coasts of Europe, North and South Afri-
ca, and North and South America.

Table 2.—Contribution by hake to the world production
of codlike species

Hake landings continue to increase world-
wide; in 1965 the total production was over
2 billion pounds (table 2, figs. 10 and 11) for
a value of nearly $60 million (fig. 12). The
massive Soviet offshore fleet fishing silver hake
was primarily responsible for the most recent
escalation in landings (fig. 11). Execluding
its value to the U.S.S.R., hake have contributed

Year Codlike fishes Hake
Millions of pounds | Millions of pounds Percent

1938 742,950.2 408.1 5.5
1948 795,860.6 654.1 8.2
1958 989,865.4 818.2 8.3
1961 1,113,323.0 904.5 8.1
1962 1,221,348 .4 1,049.6 8.6
1963 1,309,532.4 1,530.7 L7
1964 1,327,169.2 1,703.8 12.8
1965 1,424,171.6 2,012.4 14.1

Source: Food and Agriculture Organization of the United Nations (1966)
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an average of $87 million annually to the world
market, 1963-65 inclusive (fig. 12). Its value

in the U.S.S.R. must be enormous to warrant
the operation of a costly high-seas fleet.

SUMMARY

1. Eleven nominal species of hake are rec-
ognized in this paper. Further study may re-
sult in fewer valid species.

2. Hake are represented in all coastal areas
of the Atlantic and Pacific Oceans in both hem-
ispheres except the northwest Pacific.

3. Biologically and taxonomically, hake
throughout the world are remarkably similar.

4. Hake essentially concentrate seasonally
and migrate geographically and bathymetric-
ally or both.

5. The Pacific hake and possibly the silver
hake give indications of a latitudinal seasonal
migration.

6. With the exception of the South Ameri-
can species, hakes have a relatively short
spawning season.

7. The transparent hake egg is pelagic and
spherical.

8. Pelagic larvae emerge 2 to 14 days after
fertilization and have nonfunctional mouths.

9. European and cape hake exhibit a pro-
longed pelagic existence, settling to the bottom
at the end of their second year of life. Other
hake species assume a demersal way of life
before 2 years of age. Males grow slower and
mature at a smaller size than do females.

10. With the exception of Chilean hake, the
largest individuals occur primarily in deep,

offshore waters. Larger individuals of the Pa-
cific hake are found at the northerly part of
their onshore range.

11. With the exception of the European hake
fishery which was carried on by several nations,
fisheries on other hake species have been ini-
tially harvested by nearby shore-based fisheries.

12. As traditional hake fishing grounds have
become overexploited, many nations have
turned to resources farther afield. Russia and
Spain have become dominant in the Atlantic;
also, the Soviets undertake large-scale fishery
operations in the Pacific.

13. Hake are taken by a variety of harvesting
techniques; however, electronic detection and
guided trawling have emerged as the most effi-
cient. Improved processing techniques and
larger, more sophisticated modern vessels have
escalated hake landings.

14. European, cape, and Chilean hake fisher-
ies have been variously influenced by fishery
management. The European hake has been
managed internationally, whereas the cape and
Chilean hakes have been managed locally. The
remaining three hake fisheries have not been
managed, and catches reflect a balance between
supply and demand.

15. Gadoid fishes (including hake) rank sec-
ond in world landings of species groups and play
an important role in world fisheries economy.
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Distribution and Biology of Pacific Hake: A Synopsis

By

MARTIN O. NELSON, Fishery Biologist

Bureau of Commercial Fisheries Exploratory Fishing
and Gear Research Base, Seattle, Wash. 98102

and
HERBERT A. LARKINS, Supervisory Fishery Biologist

Bureau of Commercial Fisheries Biological Laboratory
Seattle, Wash. 98102

ABSTRACT

Pacific hake occur from the Gulf of Alaska to the Gulf of California. Ge-
netic studies suggest that a single population inhabits the ocean region from
British Columbia to Baja California.

Studies of the abundance of hake larvae have shown that spawning is mainly
during December to April in offshore areas along the coasts of southern California

and Baja California. The morphological characteristics of larvae are comparable
to other fish with pelagic eggs. Larvae are most often encountered within or near
the thermocline at temperatures of 47.5° to 65.3° F. Little is known about the
distribution of juvenile (ages 1-3) hake.

Except when spawning, adult hake are primarily residents of the upper Con-
tinental Slope and Shelf. It is hypothesized that adult hake undertake an annual
migration northward in the spring and summer and southward beginning in the
fall to the offshore spawning region. During the late spring to fall, feeding adult
fish are found from British Columbia to northern California and are most abund-
ant off Washington and Oregon. By December most fish have moved out of the
Vancouver Island-Oregon area.

Adult hake feeding in inshore areas during the spring to fall period charae-
teristically form long narrow schools just off bottom. They make pronounced
diel vertical migrations. Hake feed on a large variety of fish and invertebrates.
In the Washington-Oregon region, euphausiids appear to be their primary food

Hake grow rapidly to age 6. Preliminary age composition analysis suggests
that after age 5 their annual natural mortality rate is about 43 percent. Ap-
parent fluctuations in year class strength have been observed.
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INTRODUCTION

The Pacific hake, Merluccius productus, is
one of the most abundant species of fish in the
northeastern Pacific Ocean. but. until recent
years, it has not been extensively fished. Un-
til recently, few data were available on the
size of the hake resource off the west coast
of the United States, although trawls com-
monly took hake, and fishermen generally con-
sidered them a nuisance. Surveys of fish eggs
and larvae off California and Mexico by Cal-
COFI (California Cooperative Oceanic Fish-
eries Investigations) provided the initial indi-
cation of the size of the hake resource
(Ahlstrom and Counts, 1955). Early surveys
with midwater trawl and echo sounder (Schae-
fers and Powell, 1958) had indicated that adult
hake might be available in large quantities.
The actual commercial potential of the hake
population was not appreciated until 1964, how-
ever, when large catches were made during
midwater trawl surveys off Washington and
Oregon (Alverson, 1967; Nelson, 1967). In
1966 United States and Soviet fishermen began
harvesting hake off the west coast of the United
States. Alverson (1967) and Nelson (1967,
1970) have discussed the development of the
U.S. coastal hake fishery.

This paper summarizes available informa-
tion on the distribution and biology of the Pa-
cific hake. In addition to published works,
it relies largely on material gathered in recent
years during resource assessment, gear re-
search, and biological studies by the BCF
(Bureau of Commercial Fisheries) Explora-
tory Fishing and Gear Research Base and Bio-
logical Laboratory, Seattle, Wash.

Samples of hake used in biological and pop-
ulation studies were collected from the landings
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of a small experimental fishery off Warrento
Oreg., in the summer of 1965 and from U.!
commercial landings at Aberdeen, Wash., i
the summers of 1966 and 1967. This materi:
is supplemented by information gathered ohi
ing cruises of research vessels from 196
through 1967. At irregular intervals durin
the fishing season, individual random sample
of 100 to 400 fish were taken from the

of the fishing vessels. Length and sex
recorded for each fish, but weights and otoli |
for age interpretation were taken from stra
ified subsamples. Although the sampling p
riod varied among years (late August to mic
October 1965, mid-July to early October 196
and late May to early August 1967), the are:
fished were generally the same—Columbi
River to southern Vancouver Island. Mo:
samples were from off the coast of centr|
Washington.

Because of the relatively small amount
population data currently analyzed, only
cursory treatment of the population dynami
of hake has been attempted. Detailed a|
composition and growth studies now bein
undertaken will be reported on in a futu
publication.

Much of the material presented here h:
also been reported by Tillman.® He worke
closely with us and our colleagues and usé
BCF data to develop a preliminary simulatio
model of the possible effects of fishing on
Pacific hake population.

! Tillman, Michael F. 1968. Tentative recommel
dations for management of the coastal fishery for P
cific hake, Merluccius productus (Ayres), based on
simulation study of the effects of fishing upon a
population. Master’s Thesis, University of Was
ington, Seattle, 197 pp. ‘



Although this paper is concerned with the
ake resource of the open ocean, for compar-

tive purposes limited reference is made to in-

brmation on the recently harvested hake pop-

ulation in Puget Sound discussed by Hipkins
(1967); Larkins, Shippen, and Waldron;* Mil-
likan;* Nelson (1967); and DiDonato (1968).

RANGE AND SYSTEMATICS

Pacific hake has been reported from the
nllf of Alaska (Goode, 1884; Wilimovsky,
c54 Clemens and Wilby, 1961; Alverson,
/'1 ‘uter, and Ronholt, 1964) to the Gulf of Cal-
‘ornia (Starks and Morris, 1907). It is ap-
arently most abundant in that part of its range
%ﬂuenced by the California Current and Cal-
‘ornia Undercurrent Systems. North of Van-
puver Island the hake is largely replaced in
fme roundfish community by Pacific cod, Gadus
;acrocephalus, and walleye pollock, Theragra
rhalcogrammus, (Alverson et al., 1964).
 Genetic studies suggest that a single pop-
lation inhabits the oceanic region between
h‘itish Columbia and Mexico (personal com-
1;1unicz;1tion, Fred M. Utter, Chemist, Bureau
{ Commercial Fisheries Biological Laboratory,

|
i
g This section considers the maturity, the
cundity, and the egg and larval development
| Pacific hake.

f MATURITY

| Pacific hake live up to at least 13 years,
id the maximum total length recorded is 31.5
L(:hes (Best, 1963). Generally, fish 4 years
(. and older (mean length about 17.7 inches)
r>mature. Best (1963) found that in samples
om California, all hake over 15.7 inches were
ature and concluded that most 4-year-old
h and the larger 3-year-old fish would spawn.
Il fish sampled from the Washington-Oregon
clastal fishery have been mature (either they
d spawned or would spawn the following
ason). Three-year-old fish made up less than
5 percent of samples from the fishery. Four-
ar-old fish as small as 14.2 inches have oc-
ionally been caught by research vessels in

e area of the fishery.

Seattle, Wash., September 1968). Among hake
collected throughout this region, gene frequen-
cies reflected by each of two enzyme systems
show insignificant intersample variation. A-
nalysis of these enzyme systems indicates, how-
ever, that Puget Sound hake, which have a
much slower growth rate than ocean fish, form
a genetically distinct population. The appar-
ently minor stocks of hake north of Vancouver
Island are not dealt with in this paper; their
racial composition is unknown.

The systematic position of Pacific hake rel-
ative to other species of Merlucciidae in the
Western Hemisphere was discussed by Gins-
burg (1954). Grinols and Tillman (1970) dis-
cussed systematic relationships among the
commonly recognized species of Merluccius.

REPRODUCTION AND EARLY LIFE HISTORY

FECUNDITY

The fecundity of Pacific hake has not been
studied in detail. MacGregor (1966) examined
22 females with well-developed ovaries taken
in March off Baja California. The number of
advanced eggs varied from 80,000 in the small-
est specimen (13.8 inches standard length) to
496,000 in the largest (27.2 inches standard
length). Because of the nature of the fre-
quency distributions of yolked eggs and the
hake’s relatively short spawning season, Mac-
Gregor concluded that spawning likely occurred
only once a year.

? Larkins, Herbert, Herbert H. Shippen, and Kenneth
D. Waldron. 1967. Features of a northern Puget
Sound hake population. Bureau of Commercial Fish-
eries Biological Laboratory, Seattle. Unpublished man-
uscript, 19 pp.

8 Millikan, Alan E. 1967. Catch and effort sta-
tistics for the 1966-1967 Puget Sound mid-water trawl
hake fishery. Supplemental Progress Report. Marine
Fisheries Research and Management, Groundfish In-
vestigations, Washington State Department of Fish-
eries, Research Division, 10 pp.
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EGG AND LARVAL DEVELOPMENT

Ahlstrom and Counts (1955) described the
egg and larval stages of Pacific hake. The hake
egg is pelagic, spherical, and transparent. It
has a single oil globule, a tough unsculptured
shell membrane, and an unsegmented yolk.
The diameter of the average egg is 0.044 inch.
The length of the larva at hatching is about
0.094 inch. The time required for embryonic
development (from fertilization to hatching)
of eggs from the Puget Sound hake population,
reared under controlled laboratory conditions,
was 3.1 days at 61.9° F. and 9.2 days at 47.1° F.

(Rodman‘). These temperatures were simil:
to the temperature range in which hake larv:
have been found in the spawning area o
southern California and Mexico (see below

Like most fish larvae from pelagic egg
newly hatched hake are relatively undevelope:
Hatching occurs before the mouth is form:
and before the eyes are pigmented (Ahlstro
and Counts, 1955). The end of the larv
stage is not well defined. Fin formation
completed at a length of 1.2 to 1.4 inches, wh:
the full complement of pectoral rays is attaine
Complete larval development requires moj
than a month.

GEOGRAPHIC AND DEPTH DISTRIBUTION

In this section, we discuss the distribution
of eggs and larvae, juvenile hake, and adult
hake.

DISTRIBUTION OF EGGS
AND LARVAE

Pacific hake spawn primarily during the
winter and early spring off the coasts of Cal-
ifornia and Baja California. Hake larvae
consistently rank second to anchovy in annual
estimates of the relative abundance of fish
larvae collected in the CalCOFI survey area
(Ahlstrom, 1959 and 1965).

Ahlstrom and Counts (1955) found that in
1951 and 1952, 98 percent of the total number
of hake larvae in their monthly plankton col-
lections were taken from February through
April; 50 to 60 percent were taken in March.
In certain portions of the spawning region,
data on the abundance of larvae indicate that
spawning is well underway by January (per-
sonal correspondence, Paul E. Smith, Fishery
Biologist, Bureau of Commercial Fisheries
Fishery-Oceanography Center, La Jolla, Calif.,
January 1968). It is reasonable to assume,
however, that little spawning occurs between
April and December. Temporal changes in
the relative abundance of adult hake in inshore
areas (discussed below) also indicate that the
spawning season is restricted mainly to Jan-
uary through April.

Although hake larvae have been found as
far north as Cape Mendocino, Calif., the ef-
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fective northern limit of spawning is probabl
near the latitude of San Francisco, Cali
Ahlstrom and Counts (1955) found hake larvs
distributed throughout the area from Car
Mendocino to Cape San Lucas, Baja Californi:
Larvae were encountered as far as 302 nautic:
miles offshore. Abundance was centered in th
southern California-Baja California portion ¢
the spawning range. No hake eggs and larva
were encountered during surveys between Car
Scott, Vancouver Island, and Cape Mendocin
(Ahlstrom, 1959 ; and personal communicatics
Kenneth D. Waldron, Fishery Biologist, Bt
eau of Commercial Fisheries Biological Lzl
oratory, Seattle, Wash., September 1968). :\
extensive egg and larval survey of this enti1
area, extending seaward 360 nautical miles, w:
made in the spring of 1967. Other surveys i
selected areas along the coast from Washingt:
to northern California were made in 1965 a?
1968.

The vertical distribution of hake eggs at
larvae and its relation to water temperatu:
are described by Ahlstrom and Counts (1955
and Ahlstrom (1959). They found eggs ar
larvae mainly near or within the thermoelir
at depths of 25 to 55 fathoms. The greate
depth at which they took eggs and larvae wt
120 fathoms. Larvae were taken at temper:

* Rodman, Duane T. 1969. Development of eg
and larvae of Pacific hake at three water temperaturt
Bureau of Commercial Fisheries Biological Laborator
Seattle. Unpublished manuseript, 7 pp.



tures from 47.5° to 65.3° F., but most were
caught between 51° and 59° F.

DISTRIBUTION OF JUVENILE HAKE

Little information is available on the dis-
tribution of hake between the end of the larval
period and the time, at about age 4, they are
recruited to the adult population. The age at
which larvae abandon their pelagic life is un-
known.

Juvenile hake (ages 1-3) from 4.7 to about
13.8 inches long have been captured in inshore
areas (primarily on the Continental Shelf)
along the southern Oregon and California coast
by shrimp trawls (Morgan and Gates, 1961),
in otter trawls used by the California animal
food fishery (Best, 1963; Best and Nitsos,
1966), and in trawls during various surveys
with research vessels (BCF, unpublished
data®). Juvenile fish have been captured also
off Baja California by the California Depart-
ment of Fish and Game (Best, 1963). Juve-
niles have not been observed off the coast be-
tween northern Oregon and Vancouver Island,
even though U.S. research surveys in this
region have used trawls with 14-inch mesh
cod-end liners. Also, specimens smaller than
15.7 inches constituted less than 0.1 percent
of fish taken in the Washington-Oregon hake
fishery, whereas 18 percent of hake samples
from the California animal food fishery were
in this size range (Best and Nitsos, 1966).
This difference occurred despite the fact that
the cod ends of the trawls have meshes of 415
inches in the California fishery and 21 inches
in the Washington-Oregon fishery.

Because of gear selectivity, it is difficult to
use commercial catch data to determine the
degree to which young hake remain apart from
adults in the southern Oregon-California area.
‘Research vessels have made catches containing
only juvenile fish and catches in which adults
and juveniles were mixed. Data on the rel-
ative abundance of age groups, however, sug-
gest that through age 1 juvenile fish do not
mix significantly with the adult stock.

* Trawl catch data are on file in Seattle, Wash., at
the BCF Biological Laboratory or BCF Exploratory
Fishing and Gear Research Base.

DISTRIBUTION OF ADULT HAKE

Although most often caught on the Con-
tinental Shelf (Best, 1963; Alverson, 1967:
Nelson, 1967), adult hake have been observed
over a wide depth range. Clemens and Wilby
(1961) state that hake (presumably adults)
have been captured as deep as 491 fathoms
off California. Ermakov and Polutov' re-
ported that Soviet investigators found hake
to depths of 547 fathoms in the region from
Vancouver Island to Oregon. In the same area
commercial concentrations were not found be-
yond a depth of 219 fathoms (Anonymous’).
Alverson (1951, 1953) caught small numbers
of hake at 300 fathoms off Washington, and
Alverson et al. (1964) reported that north
of Washington, hake were absent in waters
deeper than 300 fathoms. De Witt (1952)
observed on the northern California coast hake
stranded in the surf while chasing prey, and
Van Hyning and Ayres' observed hake in
brackish water in the Columbia River estuary.

Schools of spawning adult hake have been
observed infrequently. From 1963 through
1966 a BCF vessel surveved with an echo
sounder off southern California and Baja Cal-
ifornia during the hake spawning season. In
1968 three vessels surveyed the area with both
echo sounders and sonars. During all surveys
fishing was done with midwater trawl| gear
with an electrical depth telemetry system
Search tracks covered areas where hake eggs
and larvae were abundant. Except for one
occasion when a 1-hour haul yielded 20,000
pounds, no dense concentrations of hake were
observed. Rather loosely aggregated hakelike
signs were occasionally seen on the echo
sounder but trawl catches of hake were usually
less than 100 pounds per hour. Most fish were
beyond the Continental Shelf at depths of 125

* Ermakov, Yu K., and A, N, Polutov, 1967, Fish
ery and biological description of the Vancouver Island
and Washington-Oregon regions. Pacific Research In-
stitute for Fisheries and Oceanography (TINRO)
Unpublished manuseript, 38 rp_ + figs.

' Anonymous, 1965, Brief review of scientific re-
search carried out by TINRO in the Vancouver-Oregon
area, Pacific Research Institute for Fisheries and
Oceanography (TINRO). Unpublished manuscript,

26 pp. + figs.
» 8;1\ Hyning, J. M., and R. J. Ayrea. 1980, Ob.

servations of anchovy mortalities in 1960, Oregon
Fish Commission, mimeo report, 7 pp,
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to 225 fathoms over surface-to-bottom depths
of over 550 fathoms.

The observed availability of spawning
adults has been less than would be expected
from knowledge of the abundance and distri-
bution of eggs and larvae. There is little reason
to suspect that this apparent paradox is due
to anything other than a lack of knowledge
of the spatial and temporal distribution and
behavior of spawning hake and its implica-
tions as regards to methods of detection. In
addition to the egg and larval data, the rel-
ative scarcity of adult hake in the January
to March landings of the California animal
food fishery (Best and Nitsos, 1966) and their
absence from December to April in the Van-
couver Island-Oregon region (Nelson, 1967)
indicates that the adult population spawns dur-
ing the winter and early spring primarily in
waters beyond the Continental Shelf off Cali-
fornia and Mexico.

Knowledge of the distribution and relative
abundance of adult hake during the period be-
tween spawning seasons (May-December) has
increased substantially as a result of United
States and Soviet exploratory fishing and bio-
logical investigations carried out since 1964.
Further information has been obtained from
observations of Soviet fishing activities and
analysis of United States catch and effort data.
Much of the available information on the dis-
tribution of adult fish during spring through
fall is discussed by Alverson (1967) and Nel-
son (1967, 1970), and see footnotes 6 and 7.

Adult hake first appear on the upper Con-
tinental Slope and Shelf during April and early
May in areas off central and northern Cali-
fornia and southern Oregon. In May they
are abundant on Heceta Bank off Newport,
Oreg. By late May fish are also present along
the northern Oregon and Washington coast,
During June and July large dense concen-
trations of hake are between the 20- and 75-
fathom isobaths off southern Washington be-
tween Cape Elizabeth and the Columbia River,
and in Oregon waters adjacent to the Columbia
River estuary.

About the middle of July the relative
abundance of hake begins to change noticeably.
They become more abundant on the outer Con-
tinental Shelf and along the central Washington
coast. The size of individual hake schools tends
to decrease, and the schools become more widely
distributed. We assume this change in relative
abundance results mainly from movement of
fish already in the Washington and northern
Oregon coastal area and not from the arrival
of new fish. As the summer progresses, how-
ever, new fish apparently move onto grounds
off northern Washington and southern Van-
couver Island in areas usually sparsely popu-
lated earlier in the season. Also, there appar-
ently is additional movement of fish onto Heceta
Bank and adjacent banks along the Oregon
coast.

By the end of September hake have begun
to move out of the Vancouver Island-Oregon
region into deep water overlying the Conti-
nental Slope. By December, most hake have
left the Vancouver Island-Oregon area.

MIGRATION HYPOTHESIS

Knowledge of the relative abundance and
distribution of the different life history stages
of hake has led to the hypothesis that adult
hake engage in an annual coastwise migration.
This migration involves a northward move-
ment of adult fish in the spring and summer
to inshore feeding grounds primarily on the
Continental Shelf and a southward return
movement beginning in the fall to the offshore
spawning region. As a result of this migration,
adult hake are most abundant in the Wash-
ington-Oregon region from spring to fall. Loecal
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concentrations of adult hake are also avail-
able off northern and central California in this
period. In the winter, adults are essentially
confined to offshore waters along the California-
Mexico coast.

Although the summer coastwise segregation
of adult and juvenile fish is obvious, the de-
gree to which adult age groups become strati-
fied along the coast is poorly defined. There
is some indication that of the total number
of 4-year-old fish in the population, only a small
proportion of them migrate into the fishing



area off Vancouver Island, Washington, and
Oregon. Among fish 5 years old and older,
the proportion of the larger, generally older
fish tends to increase in the northerly fishing
areas. Detailed long-term studies are needed,
however, to evaluate geographic differences in
age and size composition because environmental
factors can be expected to produce year-to-
7ear changes in the distribution of adult fish.

Tillman (see footnote 1) commented on the

fact that all other commercial species of Mer-
luccius engage in an annual bathymetric move-
ment rather than a latitudinal (actually latitu-
dinal and bathymetric) one such as that hy-
pothesized for Pacific hake. Even without the
racial data now available, he considered the
case for a bathymetric migration by Pacific
hake (in the Vancouver Island-Oregon region)
to be weaker than that for a latitudinal mi-
gration.

BEHAVIOR

Some general observations on the behavior
of Pacific hake have been reported by Alver-
son (1967) and Nelson (1967). During the
day, adult fish on the Continental Shelf char-
acteristically school in long, dense, relatively
narrow bands. Rather than being completely
continuous, these bands are usually composed
of distinet clusters. The long axis of a school
is nearly always parallel to the isobaths. Be-
cause of this orientation, any one school rarely
occupies a bottom depth range of more than
3 fathoms. On the Continental Shelf, schools
are usually within 10 fathoms of the bottom
and have heights of 3 to 6 fathoms; the lower
side of a school is often within a fathom of the
bottom. Hake, like cod, haddock, and various
rockfishes, is probably best described as a
semi-pelagic species (Saetersdal, 1967).

BCF surveys have shown that schools of
t.ake near the edge of the Continental Shelf
tr over the Continental Slope show more var-
iation in their schooling characteristics than
those found on the shelf. Over the slope, hake

INTERSPECIFIC

Hake and the remains of hake are found
in stomach contents of a wide variety of mam-
mals and fishes. Best (1963) reported on ob-
servations of hake as prey. Young hake
served as food for rockfishes; albacore, Thun-
nus alalunga; and flounders. Large hake were
found in Pacific lancetfish, Alepisaurus richard-
soni; bluefin tuna, Thunnus thynnus; sablefish,
Anoplopoma fimbria; lingeod, Ophiodon elon-
yatus; and sharks. Otoliths of hake were re-
covered from the stomachs of sea lions, seals,
and porpoises. Fiscus and Kajimura (1967)

schools are well off the bottom without definite
orientation to bottom contours. Also, fish are
in many small groups, as opposed to continuous
schools. Schools over the edge of the Conti-
nental Shelf are often at a constant depth from
the surface but aligned perpendicular to iso-
baths in such a manner that the offshore portion
of the school is much farther off the bottom
than the inshore portion.

Hake schools rise and disperse in the water
column during the evening. During darkness
hake are scattered throughout the water col-
umn, and midwater trawls catch only small
numbers of fish. By dawn, schools have re-
grouped near the seabed but not necessarily
near the areas from which they had dispersed.

Few data are available on the behavior of
spawning schools. Actively spawning fish ap-
parently do not engage in the pronounced ver-
tical migration typical of adult fish that feed
in inshore areas from spring to fall. This
lack of vertical movement is also characteristic
of the spawning population in Puget Sound.

RELATIONS

found hake to be the dominant food of fur seals
collected off the west coast of the United States
in 1964. Shippen and Alton (1967) reported
that spiny dogfish, Squalus acanthias, prey on
hake in Puget Sound.

Best (1963) noted that stomachs of adult
hake contained a wide variety of organisms in-
cluding flounders, small hake, anchovies, clams,
squid, and euphausiids. Juvenile hake fed on
euphausiids; red crabs, Pleuroncodes planipes;
and small squid. He mentioned that little was
known about hake food habits and suggested
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that the hake was an opportunistic feeder. Pink
shrimp, Pandalus jordani, also appear to be
an important food of hake (Willis®).

The euphausiids, Euphausia pacifica and
especially Thysanoessa spinifera, dominate
the food of hake caught off Washington and

POPULATION

This section presents information on age
and growth, natural mortality, and standing
stock and yield estimates for the hake pop-
ulation.

AGE AND GROWTH

Hake collected from the Washington-Ore-
gon commercial fishery in 1965 and 1966 aver-
aged about 20.3 inches in fork length (range
14.2-31.5 inches) and 2.2 pounds in weight.

The age composition of the catches (fig. 1)
for 3 years (1965-67) of fishing has been de-
termined from annual growth patterns ob-
served in otoliths.”” Few fish younger than 4
years or older than 10 years have been taken
in the commercial fishery; ages 5 through 7

80 i s __7—_47

60 ;\

PERCENT

AGE (YEARS)

Figure 1.—Age composition of Pacific hake taken in Pacific
Northwest commercial fishery, 1965-67.

° Willis, Mel. 1966. Cruise report 66-S-5. Cali-
fornia Department of Fish and Game, Fisheries Lab-
oratory, Terminal Island, California. Unpublished
manuseript, 2 pp.

1 The validity of these annual growth patterns
has been substantiated from studies on the otoliths
of young, fast-growing Pacific hake, during that por-
tion of their life when age groups I, II, and IIT can
be readily separated by length frequency distributions.
Examination of the growth patterns on otoliths from
such fish reveal an obvious annual mark consisting
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Oregon (Alton and Nelson, 1970). Pandalid
shrimp, smelt, and other crustacea and fish
were also found in the stomach contents, but
their contribution to the total weight of food
was relatively minor. Alton and Nelson (1970)
indicated that hake are primarily nocturnal o:
crepuscular feeders or both.

DYNAMICS

have dominated the catches. Pacific hake ap-
parently grow rapidly during their first 6 o:
7 years. Thereafter, growth in length anii
weight becomes slower and may cease in ol
age (fig.2). Females tend to grow faster thai
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Figure 2.—Growth of Pacific hake oft the Washingtor
coast.
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of a wide, opaque summer growth zone followed by ¢
narrow, translucent winter growth zone. The fac
that Pacific hake spawn during late winter (i.e., during
the period the winter growth zone is being laid dowr
on the otolith) suggests that false annuli, caused by
spawning, should not affect annuli counts in adults
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males and at any age after 4 years are slightly
longer and heavier.

NATURAL MORTALITY

The short history of the hake fishery and
very small catches in relation to the size of
the harvestable population preclude our using
the annual change in catch per unit of effort
by age class to estimate natural mortality.
We can, however, make an estimate by as-
suming the observed age composition (con-
sisting of several year classes) of an unfished
stock to be parallel to the changing abundance
of any year class as it advances in age. Natural

- mortality is then estimated by the slope of

the right limb of the observed age curve.
When we apply this method to the age groups
(5-7) that appear to have been fully recruited
and amply represented in the 1965 and 1966
samples, annual natural mortality is about 43
percent.

The model shown in table 1, based on an-
nual survival rate of 57 percent and the weight
at age given in figure 2, shows that the biomass
of a hake year class decreases substantially each
year after age 5.

STANDING STOCK AND
YIELD ESTIMATES

Recently, attempts have been made to esti-
mate the standing stock and potential yield of
Pacific hake. Alverson (1968), in summariz-
ing the results of demersal trawl surveys in
the northeastern Pacific, estimated the size of
the standing stock of adult hake between south-
ern Oregon and Cape Spencer, Alaska, at 1.5
billion pounds. He estimated the maximum
sustainable yield from this stock at 300 to 540
million pounds. Ahlstrom (1968) estimated

Table 1.—Changes in biomass with age of a hypothetical
hake year class

Age Population? :L‘Egr;lgze Biomass C{;’g‘{g;g;"
Number Pounds Pounds Percent

5 1,000 1.66 1,660 s

6 570 1.89 1,077 —35

7 325 2.10 682 -—37

8 185 2.25 416 —39

9 105 2.36 248 —40
10 60 2.46 148 —40

! At each age, survivors consist of §7 percent of the preceding year.
2 Estimated from figure 2.

the size of the standing stock of adult hake
between Cape Scott, Vancouver Island, and
Cape San Lucas, Baja California, at 4 to 8
billion pounds. His estimates were based on
the abundance of hake larvae and relations be-
tween larval populations of hake and jack
mackerel, Trachurus symmetricus. Both au-
thors explicitly pointed out the tentative nature
of their estimates and the fact that they were
derived primarily to evaluate resource poten-
tials on a relative basis.

At the present state of development of the
Pacific hake fishery, any estimate of potential
yield is preliminary. The variation in age
composition during 1965 through 1967 suggests
that recruitment (and perhaps growth and
natural mortality) is not stable. The age fre-
quencies in figure 1 have a distinct mode that
advances to the right each year; in 1965, ages
4 and 5 dominated; in 1966, 5-year-olds were
dominant; and in 1967, 6-year-olds were dom-
inant. The main feature here is the lack of
younger fish coming into the fishery. Whether
this feature is due to a distributional anomaly
that affected our sampling or a natural failure
in one or two year classes cannot be determined
now. Until we obtain further knowledge of
the nature of the hake population with regard
to fluctuations in year class strength, a basis
for management cannot be fully developed.

LITERATURE CITED

AHLSTROM, ELBERT H.

1959. Vertical distribution of pelagic fish
eggs and larvae off California and Baja
California. U.S. Fish Wildl. Serv., Fish.
Bull. 60: 107-146.

1965. Kinds and abundance of fishes in
the California Current region based on
egg and larval surveys. Calif. Coop.
Oceanic Fish. Invest. Rep. 10: 31-52.

1968. An evaluation of the fishery re-
sources available to California fishermen.
In De Witt Gilbert (editor), The future
of the fishing industry of the United
States, pp. 65-80. Univ. Wash. Publ.
Fish., New Ser. 4.

AHLSTROM, ELBERT H., and
ROBERT C. COUNTS.
1955. Eggs and larvae of the Pacific hake,

31



Merluccius productus. U.S. Fish Wildl.
Serv., Fish. Bull. 56: 295-329.
ALTON, MILES S.,and MARTIN O. NELSON.
1970. Food of Pacific hake, Merluccius
productus, in Washington and northern
Oregon coastal waters. U.S. Fish Wildl.
Serv., Cire. 332: 35-42.
ALVERSON, DAYTON L.
1951. Deep-water trawling survey off the
coast of Washington (August 27-October

19, 1951). Commer. Fish. Rev. 13(11):
1-16.
1953. Deep-water trawling survey off the

Oregon and Washington coasts (August
25-October 3, 1952). Commer. Fish. Rev.
LS L) ks

1967. Distribution and behavior of Pa-
cific hake as related to design of fishing
strategy and harvest rationale. FAO
conference on fish behaviour in relation
to fishing techniques and tactics, Bergen,
Norway, 19-27/10/67, Experience Paper,
FR:FB/67/E/11, 15 pp.

1968. Fishery resources in the northeast-
ern Pacific Ocean. In De Witt Gilbert
(editor), The future of the fishing in-
dustry of the United States, pp. 86-101.
Univ. Wash. Publ. Fish., New Ser. 4.

ALVERSON, D. L., A. T. PRUTER, and
L. L. RONHOLT.

1964. A study of demersal fishes and fish-
eries of the northeastern Pacific Ocean.
H. R. MacMillan Lectures in Fisheries,
Univ. Brit. Columbia, Vancouver, 190 pp.

BEST, E. A.

1963. Contribution to the biology of the Pa-
cific hake, Merluccius productus (Ayres).
Calif. Coop. Oceanic Fish. Invest. Rep. 9:
51-56:

BEST, E. A, and R. J. NITSOS.

1966. Length frequencies of Pacific hake
(Merluccius productus) landed in Cali-
fornia through 1964. Calif. Fish Game
52: 49-53.

CLEMENS, W. A., and G. V. WILBY.

1961. Fishes of the Pacific coast of Can-
ada. Fish. Res. Bd. Can., Bull. 68, 2d ed.,
443 pp.

De WITT, JOHN W., JR.

1952. An occurrence of the natural de-
struction of hake in Humboldt County.
Calif. Fish Game 38: 438.

32

DiDONATO, GENE.
1968. Catch and effort statistics for the
1965-1966 Puget Sound mid-water trawl
hake fishery. Wash. Dep. Fish. 1966
Annu. Rep., pp. 126-129.

FISCUS, CLIFFORD H., and
HIROSHI KAJIMURA.
1967. Pelagic fur seal investigations, 1965.
U.S. Fish Wildl. Serv., Spec. Sci. Rep.
Fish. 537, 42 pp.

GINSBURG, ISAAC.
1954. Whitings on the coasts of the Amer-
ican continents. U.S. Fish. Wildl. Serv.,
Fish. Bull. 56: 187-208.

GOODE, G. BROWN.
1884. The food fishes of the United States.
In George Brown Goode, The fisheries

and fishery industries of the United

States, Sect. 1, pp. 163-682.

GRINOLS, RICHARD B,, and
MICHAEL F. TILLMAN.
1970. Importance of the worldwide hake,
Merluceius, resource. U.S. Fish Wildl.
Serv., Cire. 332: 1-21.

HIPKINS, FRED W.
1967. Midwater trawl, telemetry gear
prove value on Puget Sound hake. Nat.
Fish. 47(10): 10B-11B, 15B.

MacGREGOR, JOHN S.
1966. Fecundity of the Pacific hake, Mer-
luccius productus (Ayres). Calif. Fish

Game 52: 111-116.

MORGAN, ALFRED R., and
DOYLE E. GATES.

1961. A cooperative study of shrimp and
incidental fish catches taken in shrimp
fishing gear in California and Oregon,
1958. Pac. Mar. Fish. Comm., Bull. 5:
85-106.

NELSON, MARTIN O.

1967. Availability of Pacific hake (Mer-
luccius productus) related to the harvest-
ing process. FAO conference on fish be-
haviour in relation to fishing techniques
and tactics, Bergen, Norway, 19-27/10/
67, Experience Paper, FR:FB/67/E/34,
26 pp.

1970. Pacific hake fishery in Washington
and Oregon coastal waters. U.S. Fish
Wildl. Serv., Cire. 332: 43-52.




SAETERSDAL, G.

1967. Review of information on the be-
haviour of gadoid fish. FAO conference
on fish behaviour in relation to fishing
techniques and tactics, Bergen, Norway,
19-27/10/67, Review Paper, FR:FB/67/
R/10, i + 13 pp.

- SCHAEFERS, EDWARD A., and
DONALD E. POWELL.

1958. Correlation of midwater trawl
catches with echo recordings in the north-
eastern Pacific. Commer. Fish. Rev. 20
(2): 7-15.

SHIPPEN, HERBERT H., and
MILES S. ALTON.

1967. Predation upon Pacific hake, Mer-
luccius productus, by Pacific dogfish,
Squalus acanthias. Calif. Fish Game 53:
218-219.

STARKS, EDWIN CHAPIN, and
EARL LEONARD MORRIS.

1907. The marine fishes of southern Cal-
ifornia. Univ. Calif. Publ. Zool. 3: 159-
251l

WILIMOVSKY, NORMAN J.

1954. List of the fishes of Alaska. Stan-

ford Ichthyol. Bull. 4: 279-294.

MS. #1864

33



Food of Pacific Hake, Merluccius productus, in Washington
and Northern Oregon Coastal Waters

By

MILES S. ALTON and MARTIN O. NELSON, Fishery Biologists

Bureau of Commercial Fisheries Exploratory Fishing and Gear Research Base
Seattle, Wash. 98102

ABSTRACT

Examination of the stomach contents suggests that Pacific hake feeds princi-
pally on pelagic organisms during its seasonal residence (spring to fall) off the
Washington and northern Oregon coasts. Euphausiids, Thysanoessa spinifera and
Euphausia pacifica, were the leading food items of Pacific hake in both frequency

of occurrence and contribution by weight.

pandalid shrimp.

Other important forms were fish and
Similar to Pacific hake, several of the prey of hake (euphausiids,

pandalid shrimp, and Sergestes similis) undergo a vertical movement during the
evening and early morning. A high incidence of empty stomachs in fish captured
late in the day may suggest that hake resume feeding sometime between sunset

and the following morning.
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