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1,- -Dogfish (Squalus
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THE SPINY DOGFISH Squalus acanthias
IN THE NORTHEASTERN PACIFIC
(

)

by
Dayton L. Alverson and Maurice E. Stansby

ABSTRACT
Recent depredations attributed to dogfish have been of serious concern to commercial and sport fishermen in the Pacific Northwest. Three possible ways of controlling the dogfish, all of them dependent upon a knowledge of dogfish biology, are
discussed. Of these, development of a commercial dogfish fishery appears to be the
most practical. Development of such a fishery, however, is dependent upon research
leading to a high market demand for dogfish products. To assure the success of the
fishery, all parts of the dogfish should have uses. Moreover, at least some of the
products derived from dogfish should serve unique uses and be obtainable from no
other source. Finally, a careful examination of import relationships must be made
to assure that a domestic dogfish fishery would be able to compete with foreign
fisheries.

BIOLOGY OF DOGFISH

INTRODUCTION
increases in the size of dogfish
on the Pacific coast have been
of growing concern to commercial and sport
fishermen. This report has been compiled to
provide technical background material on the
dogfish. It consists primarily of a survey of
the available knowledge of the abundance and
distribution of dogfish in waters of the Pacific
Northwest, the effects of dogfish on the fisheries, and ways to use dogfish in commercial
products. The report also discusses the roles
of Government and the commercial fishing

Recent

Classification

populations

industry in controlling dogfish populations.
Note.--Dayton L. Alverson, Base Director, ExploraFishing and Gear Research, and Maurice E.
Stansby, Laboratory Director, Technological Laboratory, Bureau of Commercial Fisheries, U. S. Fish and
Wildlife Service, Seattle, Washington.

tory

Dogfishes, in common with other sharks,
are distinguished from bony fishes by cartilaginous endoskeletons and internal fertilization. The dogfishes are placed by taxonomists
in Class Chondrichthyes, Subclass Elasmobranchii.
Order Selachii,
and
Suborder
Squaloidea. At one time the Pacific dogfish
was distinguished from the Atlantic dogfish
as a separate species, Squalus suckleyi. Bigelow and Schroeder (1948), however, could
find no morphological differences between
the two. Following normal systematic procedure, they gave precedence to the name under
which
species was first described.
the
is, therefore, considered a junior
S. suckleyi

synonym

of S. acanthias.

Distribution and Centers of

Just

Abundance

is

prior to birth, the membrane or shell
shed and the young emerge alive at lengths
of 220 to 280 mm. (8.66-11.02 inches).

The Pacific dogfish ranges from Baja California, to Alaska in the eastern Pacific, and

has been recorded from off northern China
and Japan in the western Pacific. The same
fish is found throughout the temperate and
subarctic waters of the North Atlantic where
it is called the Atlantic spiny dogfish.
it

Centers of abundance for dogfish along the
America have not been

Owing to the long gestation period, females
can give birth to a set of pups no oftener
than every second year. Females from Puget
Sound have been observed with from 2 to 20
pups, and the average is about 8. Birth of the
young takes place in the late fall and early
winter of the second year of gestation, generally in November or December.

Pacific coast of North

studied, although results of the intense

com-

mercial fishery that was carried on in the
midforties did shed some light on the subject.
If productive fishing grounds are used as an
index, Puget Sound, Strait of Georgia, and
waters over the Continental Shelf from northern
Washington to Hecate Strait would appear to
be the centers of large concentrations. Within
Puget Sound, dogfish apparently are common
in most of the bays and inlets (figs. 2 and 3).

Growth after birth continues to be slow. Data
from Bonham, Sanford, Clegg, and Bucher,
(1949) and Kaganovskaia (1933, 1937) indicate that a 61-cm. (24 inches) dogfish is about
8

years

old. Maturity is

probably not reached

until after the

10th year of life, for females

reach maturity

at a

of about 92

72 cm.
dogfish

(28

minimum observed

length

cm. (36 inches) and males at about
inches). A 92-cm. (3 feet) male

may be 15 years
longer than 30 years.

old.

Dogfish live

Development and Grcwth
Feeding
The mating period of the Pacific dogfish
is
not known with certainty, but Bonham,
Sanford, Clegg, and Bucher (1949) have described the beginnings of embryonic development in females captured in December. Mating,
therefore,

probably takes place

in

fall

and

early winter.

The

reproductive organs of the female
are relatively complex. The mature
dogfish eggs pass from the ovary to the shell
gland where they receive the sperm and are
fertilized before they receive a protective,
transparent membrane or shell. The fertilized, shelled eggs then pass to the uterus
where they undergo the period of gestation.
During gestation, the uterine walls of the
shark are thrown into oblique rows of folds
or villi through which gaseous materials are
exchanged between the mother and the embryos (Daniel, 1934). Growth and maturation
of the embryos are slow, with gestation lasting approximately 20 months. Eggs fertilized
in December develop into embryos about 8.5
mm. (0.33 inches) long by the following March
(Bonham, Sanford, Clegg, and Bucher, 1949)
and 25 to 50 mm, (1.08-1.97 Inches) by July.
dogfish

A great variety of vertebrate and invertebrate marine organisms have been noted in
dogfish stomachs. Bonham, Sanford, Clegg,
and Bucher (1949) analyzed stomachs of 1,122
dogfish, mostly from Puget Sound \ and found
that fish constituted two-thirds of the diet.
Food fish accounted for nearly one-half of the
volume of identified items. Ratfish (Hydrolagus
colliei), herring (Clupea harengus pallasi), and
krill (Euphausia sp.) were the items most

commonly reported by

these authors.

Chatwin and Forrester (1953) studied the
feeding habits of dogfish in the Fraser River
estuary, British Columbia, during the springs
of 1950 and 1953.

They found

that dogfish

were

feeding on eulachonf'rAaZetcAt/jys pacificus) that
were entering the river. A positive relation

was noted between

availability of dogfish to

trawlers in the area and the relative abundance
of eulachon at the Fraser River mouth. Of the
'The collection area is not mentioned in the text,
but in a telephone conversation with the senior author,
Bonham stated that most of the specimens examined

were collected

in

Puget Sound.
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Figure 3.- -Areas of Puget Sound where dogfish are heavily concentrated.
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249 dogfish stomachs examined, 188 contained
food, and all of the stomachs having food contained some eulachon. Salmonoids were found
in two stomachs.

Dominant food items in stomachs of dogfrom the west coast of Vancouver

fish taken

British

Island,

herring,

Columbia, included shrimp,
and sand lance (Ammodytes

flatfish,

dogfish collected from
contained large amounts of
flatfish, herring, squid, octopus, and shrimp.
The investigators (Chatwin and Forrester,
1953) concluded that dogfish are "opportunists,
rather than discriminating predators." There
is no evidence to suggest that dogfish materially affect salmon stocks by predation.
tobianus);

Hecate

whereas

Strait

Migrations

and as a machine lubricant and grease for
skidways on logging roads. Before cheap
petroleum products became available, dogfish
oils brought as much as 40 cents a gallon
in the Puget Sound area. Barraclough (1953)
reports that large quantities of dogfish oil
were used for lubrication and lighting in sawmills at Burrard Inlet and in coal mines at
Nanaimo and Departure Bay, British Columbia.
Lighthouses in British Columbia also burned
dogfish oil. Clemens and Wilby (1946) state
that a reduction plant in Skidegate Inlet,
British Columbia, was producing dogfish oil
in 1880.

Attempts to use dogfish as human or chicken
food have been largely unsuccessful in North
America. A program designed to encourage
human consumption of dogfish in the United

was approved as a wartime measure
on June 21, 1916. Congress appropriated
$25,000 for the purpose, and 4 million pounds
of dogfish were landed in
1917. But the
market, which disappeared as the more traditional food fish became available again after
World War I, has never been revived. Experimental attempts to can dogfish have not met
with success owing, in part, to the in-the-can
breakdown of dogfish urea into ammonia and
carbon dioxide. Reduction of dogfish carcasses
to provide meal for chicken feeds has also
been attempted, intermittently, without much
success, although limited quantities of carcasses are still reduced for chicken feeds
and fertilizer. Properties of meals, and the
suitability of meals as chicken feeds, are
described in a bulletin published by the State
College of Washington (Rhian, Carver, Harrison, and Hamm, 1942),
States

Movements

have been studied and
reported by Holland (1957), Kauffman (1955),
and Bonham, Sanford, Clegg, and Bucher
(1949). Tagging studies have indicated that
of dogfish

the offshore dogfish population or populations

may

be highly migratory. Some rather long
migrations have been noted. One fish, tagged
in Willapa Harbor, Wash., was recovered off
the northeast corner of Honshu Island, Japan.
Migrations between California and British
Columbia have also been noted.

Dogfish within Puget Sound show less tendency to migrate, and Puget Sound stocks
are apparently somewhat independent from
coastal and offshore stocks. Nevertheless,
some movement of dogfish may occur between
ocean areas and Puget Sound.

HISTORY OF THE FISHERY
The North American Fishery in
the Pacific
Along the shores of the eastern Pacific, dogwere first exploited by Indians who ex-

Early tests (based on total nitrogen) indicated that dogfish flesh might have a high
protein content, but later tests (based on protein nitrogen) proved that the protein content
(and therefore the nutritive value) of the
edible portions of the dogfish is less than

fish

that of teleost (bony) fishes. Dogfish tissues

tracted clear oils from dogfish livers by heat
and pressure (Lord, 1866). Oils so obtained

contain a high percentage of nonprotein nitrogen, much of which is in the form of urea
plus trimethylamine.

were
skins,

used

primarily

flavoring

food,

for

dressing animal
wood, and

finishing

preparing paint. Early white settlers in the
Pacific Northwest used the oil also in lamps

The use of shark livers as a source of
vitamin A was responsible for the large-scale

dogfish fishery

of

the

1940's. Harrison and

Samson

(1942) report that in the United States
shark livers were first used as a source
of vitamin A in 1936-37. California processors of sardine oils became interested in
fortifying biologically tested sardine oils with
low cost vitamin A. Dogfish livers were
found satisfactory, but soupfin shark livers,
yielding a very high-potency vitamin A, and
cheap vitamin-rich oils from Europe were
preferred. Unable to compete, the dogfish
fishery
developed slowly until European
sources of liver oil were cut off with the
outbreak of World War 11.

Demand

sources during
advances in
extraction of vitamin A from oils. A process
was developed that made it economical to
concentrate vitamin A from oils of relatively
low vitamin potency (such as dogfish liver
oil). With European competition cut off and
with a means of competing with the higher
potency soupfin liver sources, the dogfish
fishery was given impetus necessary to develop into a large-scale industry. Vitamin
oils from dogfish and soupfin sharks became
the major sources of vitamin A in the United
States and Canada. The processed oils were
used by pharmaceutical houses, food processors, and stock and poultry feed manuthe

war

for

led

domestic

to

oil

technological

facturers (Holland, 1957).

1941, the ocean fisheries became
dominant source of dogfish caught by
Washington fishermen, producing between 64

"following

the

and 79 percent of the total state's landings."
Otter trawl catches comprised from 63 to 89
percent of the catches from the offshore
grounds.

Major grounds fished by Washington fisherin the 1940's were in Puget Sound, in the

men

of Georgia, between Destruction Island
and Cape Flattery, on Swiftsure Bank, on
40-Mile Bank, and in Hecate Strait. Canadian
fishermen operated off lower Vancouver Island,
in inside waters east of Vancouver Island,
and in Hecate Strait. Most of the fish were
gutted at sea (except in California), and only
the livers were landed. The livers, stored in
5-gallon tins, were sometimes salted for
preservation.

Gulf

Since 1949 imports of dogfish oils (fig. 4)
and the production of synthetic vitamin oils
have sharply reduced the demand for dogfish livers and virtually eliminated the west
coast fishery. In recent years total landings
on the Pacific coast have amounted to only a
few million pounds annually.

The Atlantic Fishery
Dogfish have been used for human food in
and European countries for many
years. A German trawl fishery, supplying
dogfish for human foods, existed in the North
Sea as early as 1906. In 1903 the English
government seriously considered a method of
eradicating or removing dogfish, which at
that time were considered a "scourge" to
other lucrative fisheries (Ford, 1921). The
solution was
encourage
government's
to
capture through creation of a market for dogfish as a human food. Toward this end, the
government subsidized transportation costs
of dogfish, and a number of cookery experiments were undertaken. Partial success was
achieved, and landings of dogfish increased
Asiatic

The dogfish fishery

of the Pacific

Northwest

up rapidly to a peak in 1944, when almost
133 million pounds of whole fish were caught
between California and Alaska. In the 9 years,
1941-49 (table 1), annual catches exceeded
40 million pounds, and the cumulative catch
exceeded one-half billion pounds.
built

The fishermen were paid for

the livers at

a price dependent on vitamin potency. Aver-

age prices paid are shown in table 2. Excellent
prices, obtained by fishermen between 1944
and 1949, reached a high of 56.6 cents a
pound in 1948.

rapidly.

During

early phases of the fishery,
the largest portion of the catch was taken on
longline gear in coastal waters, but otter
trawling and diver (sink) gill nets soon dominated the fishing. Holland (1957) reports that
the

On

the east coast of the United States and

Canada similar attempts have been made to
encourage capture and develop markets for
dogfish.

TABLE

1.— Catch

of dogfish in thousands of pounds^

TABLE 2. --Prices and landings of dogfish livers in the Pacific Northwest

Year

grounds. Statements by zoologists have also
pointed to a considerable reduction in cumulative

stock

levels following development of

the fisheries in the 1940's. According to K, S.

Ketchen of the Fisheries Research Board of
Canada (personal conversation with the senior
author), dogfish became extremely scarce
on traditional British Columbia grounds by
1949. Holland (1957) noted that although the
average total landings of trawlers remained
fairly constant from 1941-46, fishing time
increased. He also observed a decrease in
the average catch per effort of longline.
Figure 4.- -Production of domestic dogfish and other
shark oils as related to imports.

excellent prices continued through 1949, although catches had fallen to less than 30 percent of the record 1937-38 period.

Landings in Oregon rose quickly in 1941-42
and reached a peak in 1943. The market demand was good, and prices for shark livers
continued to rise until 1949 when $18 a pound
was paid for high-test (vitamin A) livers. The
catches did not follow the upward trend in
prices, but declined rapidly from 1942 on.
By 1946, total landings of soupfin shark
livers in Oregon had fallen to about 30 percent of peak year landings.

The Fisheries Research Board

landings in
history of the

Canada

examining tally slips or the fish receipts of
those fishermen that used sunken gill nets
during the May-October period (Barraclough,
1948). Catches in sink gill nets for boats
fishing in 1944, 1945, and 1946 were compared monthly with catches from boats fishing in 1943. Link relations were thus obtained.
Barraclough's data indicate a decline in availability of dogfish for each month compared,
except October, from 1943 through 1946.

When
livers
(fig.

The trend in soupfin
Oregon closely parallels

of

studied changes in availability and abundance
of dogfish in Hecate Strait from 1943-46 by

the

from

6),

total

the

yearly landings of dogfish

same boats were compared

a reduction of 50 percent in relative

dogfish

was

indicated.

The

liver

availability

the

decrease, which occurred in 4 years, indicates that a considerable reduction in cumulative stock level, at least in a localized

dogfish shark fishery. Together, the histories of the dogfish and soupfin shark fisheries demonstrate that intense exploitation
can quickly reduce the cumulative stock levels

of

of these sharks.

Concern for the dwindling number of dogand soupfin sharks was expressed as
early as 1943, and in October 1944 a meeting
was called in Victoria, British Columbia, to

fish

consider the necessity of regulations and to
recommend methods of avoiding wasteful practices in exploiting soupfin and dogfish sharks.

Biological Evidence of Stock

Reduction
Fishermen have indicated
latter

years

dogfish was

that during tne

of the fishery the availability of

much reduced on known

fishing

Figure 5.- -Tota Handings of dogfish livers in Washington,
Oregon, California, British Columbia, and Alaska-1940-59.

What happened

to the populations after fishpurely speculative. The life
history of the dogfish is not conducive to a
rapid buildup of the stocks to their former
abundance. Contemporary estimates as to
the status of the stocks after the fishery,
as compared with their status prior to the
fishery, are subjective. Reports from fishermen suggest that dogfish have become
increasingly abundant in recent years,Whether
they are as numerous as during the period
prior to the fishery is an academic question.
That dogfish are again very abundant seems
evident from reports of fishermen, biologists,
and sportsmen. Shepard and Stevenson (1956)
report that: "In consequence of the cessation
of fishing for dogfish, the stock now appears
to be in the process of a strong recovery.
Already the dogfish has become a plague
on many of the British Columbia fishing
grounds disrupting trawling and seine fisheries for other species."

ceased

ing

Figure 6.- -Index of the total catch of dogfish livers
landed by the same boats fishing sink gill nets in the
periods 1943-44, 1944-45. and 1945-46 in Hecate
Strait. Determined by the method of link relatives.

area,

probably

fishery.

resulted

Barraclough

from

(1948)

the

has

intense

said

that

—

the decline in availability of dogfish in Hecate

was closely related to removal of the
older age classes from the population, Barraclough summarized his findings by pointing
Strait

EFFECTS OF LARGE DOGFISH
POPULATIONS ON MAN

out that "the decline in availability and vitamin
A potency of dogfish was not sufficient evi-

The

dence to indicate biological depletion; however,
the economic consideration of reduced yield
per boat accompanied by reduced value per
unit was a matter of real concern," The
Canadian studies were on a rather small
scale
ing

and

data,

presence

of

increasing numbers of

offshore waters and within Paget
Sound has stimulated industry requests for
assistance. Destruction of gear, excess wear
on fishing nets, loss of fishing time, practical

lack the confirmation of support-

statistical

is

and the conclusions or
the Hecate Strait fishery

trends indicated in
are not necessarily indicative of the overall
coastal fishery,

dogfish

in

loss

of

fishing areas, and reduction in food

and

shellfish

stocks through predation are

attributed to dogfish.

Gear losses and damage are most common
net fisheries (trawl, seine, and gill
and often result when nets are set or
dragged in areas heavily infested by dogfish.
If the catch of dogfish is large enough, the
entire net may be lost. Because of the relain

Shepard and Stevenson (1956) give an indication of the size of dogfish stocks and possible
effects of the fishery off British Columbia,
Using reduction of stock of about 50 percent
(from Barraclough's 1948 work)for the 1940's,
and neglecting natural mortality and recruitment, they estimate that the 500 million
pounds of dogfish removed in approximately
5 years represents about one-half the original
stock. If recruitment and natural mortality
were approximately equivalent, then a fishing
mortality in the vicinity of 13 percent per
year could be considered sufficient to materially reduce the dogfish.

the

net)

tively

high specific gravity of dogfish, when

extremely large catches are made, the weight
may be sufficient to break the entire net or
portions of it. Net damage is probably most
prevalent in the trawl fisheries, although it
also has been reported in the salmon seine
and gill net fisheries.

Gear losses are also experienced in commercial and sport line fisheries, where the

10

—
a common habitat are in constant
react upon each other" (Walford,
1958), is a known ecological principle. The
predator-prey relationship has received little

damage

usually results from shearing of
leaders or gangings by the sharp teeth of
dogfish. Even wire leaders are sometimes
bent or twisted so that they are unusable.

inhabiting
flux

study in marine fisheries. Walford, however,
points out that: (1) members of a population
compete with one another for food and space;
(2) changes in the combination of environ-

Continued "gilling" or wox^king of dogfish
a net and the efforts needed to remove
them cause rapid abrasion of twines and often
result in destruction of nets. When catches
of dogfish are large, time in clearing the nets
may range from several hours to 2 days of
fishing time. Salmon troUers may lose fishing time and efficiency while removing dogfish
from their hooks and replacing lost gear.
in

Loss

mental conditions in an ecological system
such as fluctuation of climate, a shift in
ocean currents, the invasion of a new predator,
or the sudden infestation of an area by a new
species that becomes dominant all cause
changes in the species composition; and (3) a
population tends to fill all the space in its

—

sector that meets its peculiar physiological
and behavior requirements up to limits set
by the abundance of food, predators, competitors, and other controlling factors.

areas owing to
dogfish infestation is one of the important
claims of fishermen. The claim is substantiated for the trawl fisheries by records of
the Washington State Department of Fisheries
and the Fisheries Research Board of Canada,
Reduced yields and reduced fishing effort
on the dogfish- infested grounds off southwest Vancouver Island are clearly shown.
K. S. Ketchen of the Fisheries Research
Board of Canada has mentioned to the senior
author that it has been increasingly difficult
to follow abundance trends of groundfish off
southern Vancouver Island, because trawl
fishermen have been forced from these areas.
This situation has also been noted for the
Washington trawl fleet, where fishermen report having been plagued with dogfish on 40Mile and Swiftsure Banks during the summer
and having been repeatedly forced from these
of

historic

fishing

General ecological principles dictate that
increase in dogfish stocks has caused
greater competition with and predation upon
other species. That dogfish are the dominant
groundfish, and are probably exceeded only
the

by herring, in basic stock size off British
Columbia has been estimated by Shepard
and Stevenson (1956). Their estimate that
the basic weight of dogfish stocks exceeds
that of all other groundfish combined demonstrates how dominant this species has be-

come.
Walford (1958) states:

Representatives of the local commercial
and sports fishing industries estimate that
in the Pacific Northwest dogfish cause losses
of about $2.2 million due to gear destruction
and loss of fishing time, and being forced
from historical fishing grounds.

EFFECTS OF LARGE DOGFISH
POPULATIONS ON OTHER SPECIES
of

"The abundance

of

species is greatly influenced
by the abundance of species of prey, competitors, and predators." The dynamics of
ecological shifts are complex, and which
species would be most likely to benefit from
reduction in dogfish population levels is unknown. Predation of dogfish on food fishes,
especially in offshore areas, suggests that
food fishes might benefit from a reduction
in dogfish numbers. Barraclough (1953) states:
"The removal of large numbers of predators,
such as dogfish, must of necessity dislocate
the economy of the coastwise waters. The
exact change in the whole or main populations resulting from vigorous pursuit of this
fishery cannot be stated with certainty but
the first effects might be expected to include an increase in the forage species,
such as herring, and increased opportunity
a

areas.

The effects

and

increased dogfish popula-

tions on species of food fish through predation and spatial competition are entirely unknown.
That
"populations
of
organisms

11

stock

of

a

and Washington, we estimate that from 80 to
120 million pounds of dogfish may have to be
removed during the first several years to

growth in competing predators, such as
salmon, lingcod, and halibut."

for

decrease substantially the cumulative population level. Such quantities could be removed,

Elimination or reduction in numbers of
predators or competitors from an area has
been described by Rounsefell and Everhart
(l^^SS) as being desirable when "because of
their abundance and predacious habits they
are limiting the abundance of more desirable
species." These authors further state that

conceivably, by: (1) selective poisoning or
(2) intense fishing effort.

Prospects

for selectively poisoning dogwhat we know about the selective
toxicity of a number of chemicals, we could,
possibly, develop a selective poisoning tech-

fish

"when a fish population becomes unbalanced
or becomes undesirable in the ecology of
an area, it may be necessary in the interest
of good wildlife management to control it."
We cannot, however, at this time state that
these principles are necessarily applicable
to dogfish, for the limiting effect of dogfish
on more desirable fishes is unknown.

Selective poisoning is based upon behav-

biochemical differences among
or
animals. Poisons, to be effective, must
be absorbed by the animal tissues and must
produce an effect on a particular biochemical system in the animal. Thus, we
conceivably poison sharks without
could
harming other more valuable fishes by
finding and using (1) as bait some substance that would be eaten by sharks but
not by other fishes and (2) as a poison
dissolved in the water some substance that
would interfere with a biochemical system
present in sharks but absent in other marine
organisms.
ioral

Eliminating or decreasing dogfish damage
can be achieved through (1) reducing the
numbers of dogfishes or (2) developing and
using chemicals (repellents or deterrents)
to protect gear and catches.

Reducing Dogfish Numbers
Most control measures proposed are aimed
minimizing dogfish damage through reducing
their numbers. Presumably decreased gear

Since behavioral (feeding) and biochemical
differences do exist between sharks and bony
fishes, development of a selective poison

at

damage would

seems

follow stock reduction,

chemically feasible. But, even asthe price of such a poison, in
lots, were reasonable, spreading the poison and seeing that the dogfish
ingested or otherwise absorbed it in lethal
amounts would be extremely difficult. A better
prospect seems to be development of an

but whether or not such decreases would be

suming that
commercial

directly proportional to the reduction in stock
is

— From

nique.

METHODS OF CONTROL

loss and

:

unknown.

Reducing the size of dogfish concentrations
(mass) can be accomplished only by removing
dogfish at a rate exceeding the increase of
population through recruitment and growth.

intensive fishery.

A study of the history of the dogfish fishery
Hecate Strait indicates that an annual fish-

—

Prospects for developing a fishery
To
rejuvenate a fishery for dogfish that would
be sufficiently intensive to bring about the
required 10- to 15-percent initial mortality
would require (1) a bounty system with an
attractive reward, (2) a large vessel-charter
system, or (3) development of a high market
demand for dogfish or dogfish products. In the
first
two
instances.
nearly
continuous
:

in

mortality of 10 to 15 percent may be
adequate to initially effect a material reduction in stock sizes. Assuming that the
Shepard and Stevenson (1^56) estimate of pOO
million pounds of dogfish off British Columbia
is reliable and assuming further that an additional 2(X1 million pounds may exist off Oregon
ing
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—
Government

financial supports would be necessary; in the third instance. Government support
of research leading to market demand would
be followed by a self-supporting commercial

that will provide practical protection against

shark damage under

conditions.

Mechanical deterrents, including protective
poultry- wire covers on trawl cod ends, doubletwine nets, and other devices, have been used
with some success. Another lead that might

enterprise.
In either a bounty or a vessel-charter system. Governmental payment to the fishermen
would be necessary. To attract sufficient
fishermen to effect the desired mortality,
these payments would have to be, roughly, 2
to 3 cents a pound for whole fish or 17 to 25
cents a pound for liver, or between $1. and
$3. million in the first year.

The same amounts

all

result in some decrease in shark damage
involves the ultimate use of repellent electrical fields about the net. Electricity is
selective in its action. As experiments with
electrical fishing gear have demonstrated,
the voltage used can be regulated so that
larger fish can be dealt stunning doses whereas

smaller fish can swim unharmed and even be
attracted to the electrode. Perhaps, at some
future date, a series of electrodes can be
set up to protect both moving and stationary
nets against sharks. Unfortunately, dogfish

money, applied to a
developmental research program, would go far
toward developing uses for dogfish or dogfish
products that would lead to a market demand
for the dogfish. This, in turn, would make
possible a self-sustaining fishery that would
serve to keep the stocks at the desired low
levels without further necessity for Governmental supports. Development of market de-mands,
therefore,
seems a logical and
promising first step in dogfish control.
of

are relatively small sharks, and the differences
between their size and the sizes of the fish
being sought might not be sufficient to allow
selective

the

action

of

the electrical fields

to be effective.

This is the proper place to stress that development of an effective control program
one seeking to reduce numbers of sharks or
one seeking merely to repel or deter sharks
is dependent on a much more thorough knowledge of basic shark biology than we now

REPELLING AND DETERRING
DOGFISH

possess.'

Considerable time and effort have been
spent on attempts to develop effective chemical
substances that would repel or deter sharks.
But little information of use to commercial
fishermen has resulted. Repellent dye material (including nigrosin), used to some extent
by the Armed Forces, is too expensive for
use with large nets, and too much of the
material is required for it to be economically
used even if the price could be lowered appreciably. Then, too, other factors associated
with fishing such as the commotion created
by fish in the net, substances secreted or
excreted by the fish, and possibly other
factors may negate the effects of repellents
by serving as more powerful attractants. Recent studies reported through the shark research panel of the American Institute of
Biological Sciences have indicated that, for

POSSIBILITIES FOR DOGFISH
UTILIZATION: CHARACTERISTICS

AND PROPERTIES OF DOGFISH
OILS AND PROTEINS
Oil and protein are the two principal components of dogfish that might be used commercially. Only if processing plants and
markets for both oil and protein were available
would a commercial dogfish fishery be profit-

—

able

—

— and,

therefore, self-sustaining.

Moreover, in view of the competition that
would be faced by the usual dogfish oil and
protein products on the market, uses unique
to dogfish products are extremely important.
If uses found for dogfish products could be

limited application, it may be possible to
develop a chemical repellent or deterrent,
but at present there is no substance known

'

Much

of the material in this paper has been taken

from a manuscript by Springer and Gilbert.
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—
equally well

filled

by products from other

Dogfish liver

oils;

seem

— The

taken from
more promise in

oils

fishes or synthetic processes, there would be

dogfish livers

no assurance that the dogfish products would
be used; rather, some other generally available product might be used and the dogfish
product might be ignored.

development of unique uses for dogfish
products than do body oils. Unsaponifiables
are present in the liver oil in far greater proportion (about 15 percent compared with about
1 percent in body oils) than they are in body oils.
The definite possibility exists that something
is present in the unsaponifiables that is unique
and that has a high potential for some industrial application. Just what this something
might be cannot be surmised at present.
the

Characteristics and Properties of
Dogfish Oils
Oils occur in the dogfish in both body tissues
and liver. The chemical nature of the oils
from these two sources differs. Those in the
tissues are chemically different from those in
the liver.

each

The

source

possibility exists that oils

might

Glyceryl ethers occur

from

have entirely different

—

between many of the carbons in the
molecules.
The
remaining
small
proportion of the body oils consists of "unsaponifiables" substances
that
are
not
affected
by
alkalies
and
that
are insoluble in water. The unsaponifiable material
in
fish oils (including dogfish body
oils) usually constitutes less than 1 percent
exist

Use

—

of
oil

of glyceryl ethers as vehicles for food

antioxidants is another promising lead.

Some

work has been done toward development of this
use at the Hormel Institute of the University
of Minnesota, but the work was discontinued
before completion. The dogfish glyceryl ethers

of the total.

are particularly promising in this regard because (1) they can be used to provide substances that mix well with both oil and aqueous
phases of foodstuffs and (2) they are natural
substances that have been accepted in medicines, so that the U.S. Food and Drug Administration would be abletopasson their suitability
in much shorter time than would be the case
with most synthetic substances.

the variation in the proportions of
acids of different chain lengths and in
degrees of saturation that makes each specific
is

fatty

from all others. Not
known, specif ically, about dogfish body
oils. Their compositions indicate that they
are probably fairly similar to other fish oils
in chemical properties. But, if a technological

fish oil a little different

much

fish oils in the

(triglyceride) by having one of the fatty acid
esters replaced by an ether- linked fatty alcohol.
These ethers, representing about one-half of
the unsaponifiables, represent one promising
point of attack in the search for dogfish products with unique industrial uses. One firm in
Vancouver, British Columbia, is already extracting and marketing the glyceryl ethers from
dogfish liver oil. Moreover, a search of patents
indicates that the glyceryl ethers are valuable
intermediates of compounds that include ingredients of textile treatment media, perfume
fixatives, dye additives, emulsifiers, insecticides, disinfectants, and foaming agents.

Dogfish body oils
Dogfish body oils are
similar to most other fish oils (table 3). They
consist predominantly of glycerides of fatty
acids, which may be looked upon as combinations of glycerin with fatty acids that, in
fish oils, have long-chain carbon molecules
usually containing 16, 18, 20, or 22 carbon
atoms. Further, fish oil fatty acids are
often highly unsaturated, i.e., double bonds

It

in

form of an alkoxydiglyceride. This type
compound differs from the ordinary fish

applications.

:

to hold

is

project on dogfish should be started, an important project phase should be devoted to
determining the exact characteristics of the
body oils. Relatively simple research would
suffice to show whether or not dogfish oils
behave chemically as most other fish oils

In addition to the oil, dogfish livers also
contain vitamin A. Extraction of vitamin A
from dogfish livers is, at best, a marginally
economic operation at the present time. If,
however, several other substances could be
used for products of high value, such extrac-

do.

tion
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might become profitable.

:

..

:

TABLE 3.

— Characteristics

of dogfish liver and body oils

Pacific

liver oil

Specific gravity at 25° G. (77° F, )
at 15° C. (59° F.)

Atlantic
Body oil

0.9055-0.9066
0.9094

Coefficient of expansion (per °F.)-Refined:

Apparently solid, 21°
Apparently solid, 27°
Melting stearine, 34°
Unrefined
Cloudy stearine, 48°
34°
No stearine,

-

-

27°

F.

-

3^4°

F.

-

48°

F.

59°
75°

F.

.

F.

.

Color (lovibond units, 1-inch cell):
Yellow
Red

Viscosity (centipoises)
At 25° C. (77° F.)
At 40° C. (104° F.)
Refractive index at 25° C. (77° F.)Iodine value

Saponification value
Acetyl value
Unsaponif ied matter {$)
(Glyceryl ethers)
Free fatty acid {f)

Vitamin A (U.S. P. units per gram)...
Vitamin D (U.S. P. units per gram)...

0.000584
0.000922
0.000615

0.000518
0.000413

2.5-20.0

48.4-49.2

6.2
0.5

Liver oil

carcass utilization. Otherwise, oil users would
probably find it cheaper to import the oil from
Japan or other foreign countries.

The most profitable use for

the ability to use urea nitrogen,

strong

subjective

prejudice

against

summary

In

the carcasses

this

a

list

has been compiled of
if uses are

most urgent research needs

the

would undoubtedly be as food for humans, but
development of this would be difficult. Principal objections to such development are:
(1) in most parts of the country there is a

developed for dogfish products.

to be

Among

the principal needs are:

General research on metabolism of
and location of the urea in the
fish. If more were known about this, it might
be possible to eliminate the urea before
processing the carcasses.

eating

1.

sharks contain urea, which would
have to be removed or fixed in the tissues
by special processing methods before the flesh
would be acceptable to most people and before
canning could be accomplished, and (3) compared with many other low-priced and underutilized species of fishes, the palatability of
dogfish is low. These are the same difficulties
that have faced previous attempts to market
dogfish in the United States and in Europe.
shark,

whereas

ability is lacking in poultry.

urea

(2)

in dogfish

Research on the chemical makeup of
dogfish oils. This research would include
2.

studies of both fatty acid composition of dogand dogfish liver oils, and, espe-

fish body

main item

cially as a

of research, the

com-

position of the unsaponifiable matter in dogfish

Use of dogfish as canned petfood is open to
some of the same objections, and many canners

liver oil.

also object to sharks because their tough hides

jam

the fish grinders at petfood plants. Installa-

3.

grinders of different design would overcome the latter objection, but as long as there
is a steady supply of the many low-cost and
otherwise underutilized fishes currently being
used in petfoods, development of a petfood
market for dogfish seems unlikely.
tion of

A

for

A project should be

Hormel

Institute on utilization

of glyceryl ethers as an antioxidant vehicle.

Later,

as

results on composition of dogfish

become known, other

potential uses indicated by these results should be looked into.
oils

third possibility is that of using dogfish

nitrogen,

utilization of dogfish oil

purposes.

started first at

4. Investigation of the quality for chick
feed of currently produced dogfish meal.

carcasses for fish meal. This possibility seems
the best of the three discussed, and some
carcasses are being used for meals already.
But here, too, there are objections and problems to be met. The meal from dogfish has a
relatively low nutritional value. Also, it contains urea, which interferes with traditional
tests for protein content; and often the urea
nitrogen

Research on

specific

5.

fish

Study of the possibility of using dog-

meal for

6.

cattle feed.

Development

of the

improvements

in

processing dogfish meal to give better quality
meal for poultry or cattle feed.

not subtracted from the protein
leading the user to believe that

is

he is feeding a product superior in protein
content to what is actually the case. Research
to raise the quality of dogfish meal is badly
needed. In addition, tests are needed to deter-

Unless sufficient funds are available for concurrent technological work on several of these
aspects, it probably would not be worthwhile
to undertake any of them. Solving of just one
aspect of the problem would lead nowhere.
As shown above, the various difficulties to
utilization of dogfish are interrelated; and
unless a balanced approach considering all
aspects can be made, little chance of solving

mine the suitability of dogfish meals in foods
for animals other than poultry (for which most
meal now being produced is used). Such
could open new
and extensive
Research already conducted, for
instance, has demonstrated that cattle have
of the

research
markets.

the

16

problem exists.

TABLE 4-.— Imports of fish oils, 1940-59

Year

TABLE 5. --Domestic production of fish oils, ig-iO-SQ

Year

SUMMARY

valuable fishing endeavors. Pracsegments
of commercial and sport
tically all
fisheries claim losses from dogfish. Estimates by industry members indicate that the
annual loss in gear damage alone exceeds

The spiny dogfish, Squalus acanthias, which
ranges through the temperate and subarctic
waters of both the North Atlantic and North
Pacific Oceans, has increased in numbers
until fishermen have become concerned about
its

more

with

$2 million.

Three general methods for controlling dog-

depredations.

seem

to be available: (1) selective poisonuse of deterrents and repellents, and
reduction of dogfish numbers through fish-

fish

Dogfish abundance centers in the eastern
Pacific include Puget Sound, Strait of Georgia,
and the Continental Shelf from central Washall areas of
ington to Hecate Strait, B. C.
intensive commercial and sport fishing activity. Offshore dogfish populations appear to
be highly mobile, whereas those of inshore
areas seem to be relatively stable.

ing,

A mature female dogfish may give birth to
from 2 to 20 pups every second year; dogfish
longevity may exceed 30 years. Most studies

haps, in the future, the selective action of a

indicate that dogfish are opportunists rather

possibility for controlling doghowever, appears to be through fishing
effort. This could be achieved through (1) payment to the fishermen of a bounty, (2) initiation of a vessel charter system, or (3) development of high-priced markets for dogfish
products, leading to development of a commercial dogfish fishery. The first two schemes
would require continual Government support;
the third scheme would require support only
during the developmental stages, after which
it could be expected to be self-sustaining.

(3)

ing efforts. Selective poisoning, although theo-

—

retically possible, would be difficult to control

There are, at present, no
or repellents that are effective
under all conditions, and application of such
substances to commercial gear, even if fully
effective, would be extremely expensive. Perseries of electrodes could be used.

The best

discriminant feeders. Ratfish, krill,
shrimp, herring, flatfish, eulachon, and octopus
have been noted in stomachs of dogfish caught.
There is no evidence that dogfish affect salmon
stocks adversely through predation.

fish,

Small fisheries for dogfish have been carried
out along the coast of the Pacific Northwest
since Indian days. Both the Indians and early

white settlers used dogfish oil for a variety
of lighting and lubricating functions. Spasmodic
attempts have been made more recently to use
the dogfish as human food, but all such attempts in this country have been relatively
unsuccessful. In Europe the dogfish is used
to some extent as food
generally as fried

Possibilities

development
Unique uses,

for

dogfish markets exist in

uses for both oils and protein.
if they could be developed, would
be more effective in stimulating and supporting a fishery than would uses that could be
filled by products from other sources. Dogfish liver oil, containing approximately 15
percent unsaponifiables including glycerol
ethers, appears to hold promise for development of unique uses. Nonunique uses for products from the body oil and the carcass (protein)
could then be used to distribute production
costs over the entire animal.

—

fish.

II,

practice.

in

deterrents

than

During World War

(2)

a sizable fishery for

was brought about by the
demand for a source of vitamin A and the
development of methods of extracting the
vitamin from relatively low potency oils.
With the advent of synthetic vitamins, howthe Pacific dogfish

ever, the fishery collapsed, not to be renewed.

of

domestic dogfish fishery is to be selfsome adjustments in import duties
on dogfish products and other fish oils from
abroad would probably have to be made, or at
least the import situation would have to be
examined carefully.
If

With the collapse of the fishery, the dogfish
populations, which Canadian studies Indicated
were considerably reduced as a result of fishing efforts, began to increase
leading to the
present high stock levels and interference

a

sustaining,

—
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