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INTRODUCT 1ON

The pages to follow attempt to answer request for Information on the pre-
sent state, and the probable future development, of Canada's fisheries.
Neither question is easy to answer.

Présent Supplies

It is only for a few of the more intensively used fish stocks that a geood
estimate of the present supply can be made. However the present-day catch

usually affords a firm basis on which some kind of estimate or guess can be
constructed.

1. The usual method of estimating stock size is to obtain the best avail-
able estimate of the rate of removal of fish from the population, Divided
into the catch, this provides a figure for total stock. For example, if the
catch is 10 million pounds, and rate of exploitation is 25 per cent, the stock
is 10/0.25 = 40 million pounds. More accurately, this was the stock at the
start of the fishing season. If this season is short, then 30 million - pounds
are left at its end; growth and recruitment during the ensuing year will bring
it up again. However, if fishing is done more or less continuously through the
year, the stock on hand tends to be of a steady size. In that event, the gtock
size is estimated as the catch divided by the "instantaneous™ rate of fishing.

BEstimates of rate of removal (also called rate of exploitation or utiliza-
tion), and of instantaneous rate of fishing, come from recoveries of tagged or
marked fish, or from comparison of catch and escapement (for anadromous fishes,
shellfish, ete.), or from cruder information when necessary.

2. When Canadian fishermen fish stocks that other countries also exploit,
we usually have estimated the total supply, and have indicated the quantity
being taken by the other nations. Although potentially the oceans of the world
are open to Canadians, it has been necessary to restrlct stock estimates to
our coastal waters and adjacent offshore regions, plus any other part of the sea
where we actually take the fish in question. On the eagt coast this has usually
meant that statistical Subareas 2, 3 and 4 of the International Commission for
the Northwest Atlantic Fisheries (ICNAF) are included. Subarea 5, off the New
England coast, is not included except for scallops.

In the west, inshore waters and the region off British Columbia are 1n—
cluded in all cases, with larger areas for the following species:

, Halibut and blackcod: Willapa Bay, Washington, north and west to the
Aleutian Islands. (Areas 2 and 3 of the International Pacific Halibut
Fisheries Commission). :

Sockeye, pink and chum salmon: Waters off the British Columbia coast
and the whole of the Strait of Juan de Fuca and Puget Sound. (For
coho and spring salmon, see the text.)

Albacore and pilchards: In these British Columbia fisheries, which are
currently inactive, our fishermen formerly made catches off Washington
(pilchards) and south to central California (albacore).

In the Arctic we include stocké from the Alasgka~Yukon boundary east to
Cape Chidley and the western half of Davisg Strait and Baffin Bay.



3, All commercially-important fish species are dealt with separately, and
gometimes separate estimates are given for distinct segments of the stock. For
each gpecies, the best estimate of stock comes at the head of the diagnosis. Its
basig is given in the text that follows, as are its qualifications, which are
often’ serious. Occasionally we have been forced to run to cover with a qualita-
tive word like "large"™, usually for pelagic or marginally usable gspecies.

Future Supplies

To projeet the future is of course more difficult than to describe the
present., Half a dozen or so important considerations guide the choice of each
estimate of future landings. :

l. Most important of all, perhaps, is the fact that a fish stock is
decreased in abundance when man begins to use it, and the spawning stock (at
"least ) must remain less numerous as long as an annual crop is to be removed.
Without fishing, a stock becomes so dense that growth is slow and mortality is
great, especially of eggs and young: growth and reproduction suffice only to
compensate for natural'losses9 and there is no net surplus. A fishery, by
reducing the density of the stock, creates the conditions necegsary for prod-
uction of a sgurplus harvestable annually. It increases rate of reproduction,
or rate of growth, or both, by removing most of the large old fish--a process
usually called "fishing up the accumulated stock"™. On the other hand, if the
stock is reduced 00 much, eventually the annual production of a usable surplus
declines. The best level of fishing is in between, where "maximum sustained
yield" is obtained. -

Thus we obtain two fundamental rules of fishery exploitation:

(a) If a stock is being used to less than capacity by reason of under-
fishing, more fishing will increase the sustained yield and at the same time
decrease the size of the stock (or of the spawning stock, at least).

(b) If a stock is being used to less than capacity because of over-
fishing, less fishing will increase the sustained yield and at the same time
increase the size of the stock,

It turns out that for a mejority of our fisheries we have to meke a pre-
diction which superficially seems paradoxical: 1in future there will be a
greater catch taken from a smaller stock. '

2. The above rules define underfishing and overfishing in biological
terms, not economic terms. In quite a number of fisherieg it is impossible
from an economie point of view to increase fishing to the point of meximum
sustained yield, because monetary returns per unit cost would fall too low,
In that event increased catch in future might arise from use of more economical
gear, improved handling, new uses for the product, greater consumer demand, etc.,
which would be reflected in greater landings per fisherman or an increase in
landed value per pound. ZEqually, a less favourable economic climate can reduce
a fishery (e.g. eastern salt cod or western dogfish).

R



On the other hand, fishing of a preferred species can become intensive
enough to reduce annual yield much below the sustalnable maximum, without
reducing the profitability of the fishery below what 1s economically bearable.
In that event obtaining maximum sustained yield becomes possible only with
some kind of non-economic regulation of the amount of fishing done: for example,
by closures, size-limits, quotas, or restricted licensing. Granting of leases
or property rights has been done in the case of some shellfish, where maximum
yield is possible only on a "farming"™ basis, and the individual can profit in
proportion to his own efforts.

3. Rules (a) and (b) under 1, above define the eventual or equilibrium
effect of increasing or decreasing fishing. The immediate effect may be diff-
erent., Increasing fishing always means a greater catch in the current year.
Less fishing always decreases the current years's catch. These short-term
effects. tend to obscure. the overall picture. For example, a given increase in

fishing effort might give an immediate increase in catch sufficient to more

than pay its cost, but after 2 or 3 years the catch--though perhaps still larger
than originally--might fall to an equilibrium level that is uneconomic for that
amount of fishing. Scarcely less painful is the situation where investigation
has shown that less fishing will eventually increase yield, yet this increase
can be realized only by reducing effort and, temporarily, catch as well,

4, Variations in climate are an important cause of change in size of
fish stocks, hence of catch. Warming of the water along any coast permits
invasion and establishment of warm-water species, and favours a retreat north-
ward of cold-water species. Consequently the long-term prospeets of some figh-
eries depend upon the ocean temperatures which will prevail 10, 25 or 50 years
from now,

No secure predication can be made of the direction of climatic change. On
the Atlantic coast there is some bagis for believing that about 1960 the sea
will begin to cool from its present unprecedented high, to the benefit of cool-
water species like cod and salmon, and to the prejudice of summer visitors like
tuna and swordfish. On the Pacific coast no basis for predictions is available,
but recently mean temperature has risen a little, after falling sharply from
1940 to 1950,

Apart from long-term trends, in some instances the reproductive success
of a gpecies from year to year can be associated with the temperature prevail-
ing. This knowledge serves as a basis for predicting catches, in a general way,
for as many years ahead as it takes a brood to grow to the age at which it makes
its maximum contribution to the fishery.

Whenever we do not understand very well the direction o the extent of the
changes in stock to be expected from variation in environmental conditions--which
is the usual situation--it is difficult to distinguish such changes from possible
effects of fishingo

5., In addition to natural changes in environment, we must teke into account
man-made modifications: whether for better or for worse. Our anadromous fishes
have been most susceptible to damage, and even where the physical cause is removed,
it may be many years before stocks are restored to the size which gives maximum
yield. The sockeye and pink salmon fisheries of the Fraser River are still far
from completely recovered from an obstruction to their migration which dates back
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to 1913, In these and similar instances predictions must take into account the
future maximum yield and the rate at which it can be achieved. Less spectacular
environmental changes due to logging, pollution, eté., have been considered as
far as possible. ‘ ‘

Not all changes are harmful. For example, domestic sewage, suitably handled
qualifies as a fertilizer and can increase fish stocks in fresh waters°

Man can alsc sometimes increase fish stocks by direct aids to production.
For example, fishways surmounting natural obstacles, improvement of natural spawn-
ing facilities, artificial propagation, predator control, etec., will likely play
increasing roles in future.

6 One._of the greatest unknowns is the extent to which increasing demand,
combined with research, enterprise and ingenuity will bring new fisheries into
. being. The rapid increase in population now taking place the world over cannot
fail to produce a.long-term increase in the demand for fish. Evidence of the -
effects of population on exploitation of fishery resources may be sSeen in the much
larger landings made in Burope and Asla than are made in North America. Increasg-
ing demand will eventually bring more stocks of fish into use and we can confidently
expect to share in such a development. Recent decades provide several examples of
previously worthless fish being developed into major industries--for example, the
rise of the Atlantic coast redfish fishery. The nature, importance and timing of
such advances are, however, impossible to predict with any confidence. They in-
volve the use of stocks about which little is now known, and usually also some
break-through of technology (e.g. "fish-sticks™) or else some major shift in
economic trends. Beyond pointing to some of the currently unused stocks, we are
unable to predict what may be very 1mportant contributions to our fisheries 25
years hence.

7. Bome possibilities exist for introduction of useful new species into
various Canadian waters. ILikely possibilities will be mentioned briefly, but
in general success is too uncertain to set any figure for a probable 1980 catch
in the new environment.

Arrangement

The materials to follow are divided geographlcally into four primary divisions:
Atlantlc Pacific, Arctic and Inland. Anadromous or partially anadromous species,
some of which are caught both in the ocean and in fresh water, are treated only -
once--usually in the marine sectiog° '

Except for inland waters, the treatment is usually by kind of fish, rather
than by fisheries as such: but even in the salt-water sections some minor species
are grouped. The treatment of an important species is divided into two or more
geographical areas when this seems convenient from the statistical or the biolo-
gical point of view, but a general summary is always provided.

The sgtatistics quoted usually include the latest figures available at time of
writing, though the cut-off may be at the end of 1953, 1954 or 1955, or of some
fiscal year in different places. The term "present catch™ or Waverage catch™ is
to be taken ag the 1951-54 average,unless otherwise qualified.
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COD - Gadus callarias

Present stock: 6,800,000,000 1lb, Utilization by Canada: 710,000,000 1lb,
w " others: 400,000,000 1lb,
Stock in 1980: 6,500,000,000 1lb, Utilization by Canadas 850,000,000 1lb,
" ® others: 520,000,000 1b,

The cod occurs along the northwest Atlahtic coast and on offshore banks
from Baffin Island and West Greenland south to Cape Hatteras. It is most
abundant and provides commercial fisherieg from Nantucket shores to Northern
Labrador, the most important of which are in Subareas 3 and 4 of the International

Commigsion for the Northwest Atlantic Fisheries., It 1s the most abundant of the
groundfish. '

Although a bottom feeder, it may be found anywhere from the surface to 250
fathoms. It prefers a definite range of temperature which varies with the locality
and season., Best catches are made at bottom temperatures ranging from 32° F. to
40° F, while smaller catches are made in waters of up to 50° F. A great many
populations of cod, both resident and migratory, have been recognized from diff-
erences in vertebral counts, tagging, rates of growth and incidence of parasitiza-
tion. Movements of cod schools on- and off-shore and from bank to bank are
seasonal, and may be due in large part to temperature influences, the presence
or absgsence of food and the search for suitable spawning conditions.

Spawning takes place in inshore waters and over the banks in the late winter
and spring months, except in the Gulf of St. Lawrence where it is in the summer
months. A sgingle female may produce as many as 10,000,000 eggs which float and
develop at or near the surface. Growth is faster in the warmer waters to the
south and slower in the colder waters to the north.

Cod enter the commercial fishery in quantity at about 4 years of age.

Greatest proportion of the commercial catch in Canadian Atlantic waters is made
up of cod 4 to 9 years of age.

JCNAF Subareas 2 and 3

Present stock: 5,600,000,000 lb, Utilization by Canada: 500,000,000 lb,
" ® others: 300,000,000 lb,
Stock in 1980: 5,000,000,000 lb, Utilization by Canada: 600,000,000 1b,
" ® others: 400,000,000 lb,
History

The cod fishery of the Newfoundland and Labrador banks is the oldest non-
indigenous fishery in Canada, or in America. Figures for Newfoundland exports of
salt cod show a fairly large production already about 1800 (600,000 dried guintals,
corresponding to about 300 million pounds of round fish). There was gradual rise
through the 19th century to a peak of nearly 1,800,000 quintals during World War I,
and a decline since that time almost to the level of 1800,



Participation by Buropean countries in the Subarea 3 fishery has increased
rapldly since World War II, so that they now take about half the catch. Since
1951 they have also taken considerable quantities in Subarea 2, whereas Canada
has largely withdrawn from there.

Formerly the European fleet fished entirely in the offshore area. In the
past three or four years European boats have increasingly fished the Newfoundland
inshore areas in spring and fall. Here the three-mile limit offers very little
protection at these seasons., Increased European fishing on the newly-discovered
longlining grounds of the Newfoundland northeast coast is to be expected. The
first serious inroads of this fleet on these grounds occurred in the Trinity Bay
area in the autumn of 1955.

Average yearly production by Canada and by other countries since 1930 is

shown below, in millions of pounds round weight:

Subarea 2 , Subarea 3 - Both
Canada Others Total Canada Others Total Subareas

1931-35 140 0.2 140 465 96 561 701
1936-40 145 oo 145 433 126 559 704
1941-45 95 - 95 454 23 477 572
1946-50 76 oo 76 550 238 788 864
1951 62 8 70 50L 289 790 860
1952 38 125 163 462 327 789 952
1953 25 223 248 469 31D 784 1032
1964 26 14 40 5569 225 884 924

The Newfoundland portion of the Canadian landings for 1931=35 is actually
for the period July 1, 1930 to June 30, 1935, the Newfoundland statistics for
this period having been compiled by fiscal years. The totals for "Others®,
Subarea 3, are estimates in some cases. Fdr some years, Buropean statistics had
no area totals, so that breakdowns have been made on the bagis of known years.

The great bulk of the Canadian catch is landed in Newfoundland; mainland
landings from these Subareas in recent years have been 40-60 million pounds,
practically all from Subarea 3.

Present Status

In recent years both the Newfoundland catch and the whole Canadian catch in
Subareas 2 and 3 have continued to decline in total amount, and also in importance
relative to the Buropean catches—--which have been increasing. A rise in the Canadian
catch in 1954 was purely temporary, due to unusuvally favourable hydrographic con-
ditions in the inshore area in that year. The catch in 1955 has declined.

The decrease in our cod catch has been due to a fall in the production of
salt cod. The fresh fish fishery has increased, but not as rapidly as salt fish
industry has declined. ZEBuropean nations have a lower wage and cost standard, and
have many ways of subsidizing the fishermen and the ships so as to maintain their
fishing crews and fleet. Having control of their imports of salted fish, and with
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salt fish a very important part of their protein diet, they regulate imports and
the price of salt fish to the advantage of their own salt fish producers and con-
sumers, and to the disadvantage of other producing countries.

Ag regards supplies, the stocks adjacent to Newfoundland and on the Subarea
3 banks are probably only moderately exploited at present, even by all the nations
involved. Preliminary evidence from age determinations suggests a total mortality
rate of 35 per cent per year., About half of this, say 18 per cent, may be fishing
mortality, or 0.22 on the instantaneous basis. Applying this to the Subarea 3
catch gives an estimated stock of 800/0.22 = 3600 million pounds.

In Subarea 2 the rate of exploitation is much less, say 6 per cent recently,
at a guess. Applied to an average catch of 130 million pounds in 1951-54, this
implies a stock of about 2,000 million pounds.

Future Prospects

‘Since the production of salted fish by present methods is only possible on
the basis of a very lLow landed value for the raw material, it is probable that
the production of salted fish and particularly of light-salted fish in the New-
foundland area will continue to degline in the immediate future. On the other
hand, produetion of fresh fish, and of salt fish with the assistance of mechanical
driers, is expected to increase,

There is no likelihood of overutilization of these cod stocks within 25 years,
though we cannot foresee the plans of other natiomns. Various BEuropean countries
have the will and the means to subsidize the production of salted cod, directly
and indirectly, so that it is likely their production of cod in the area will be
maintained or will increase. Canadian policy on salted fish has not yet applied
an effective brake to declining production. Traditional methods of handling the
fish are too laborious to provide rsasonable income to fishermen, without subsidies.
Some mechanization of the industry has started, but this is not yet a very important
factor in production.

Judging by haddock and by the cod in the Norwegian area, it is possible that
the Subarea 3 cod fishery could be maintained at at least twice the present yield,
with & total mortality rate of up to 50 per cent or more per year. This, however,

would result in some reduction in size of the stock and also in the sige of the
individual fish. Cod of the smaller sizes would be suitable for filleting, but
are not quite s¢ suitable for salting as are larger ones. ' ’

If markets were available, if landed price were a little higher, 1f the
Labrador stocks were used fully, and if Canadians entered the offshore fishery
vigorously, the present total Canadian catch in Subareas 2 and 3 could be doubled.
However this seems unlikely to happen within 25 years. The most realistic predic-
tion is that our catch will at first decline somewhat due to the reduction in
fish salted, and then gradually come back and rise tc say 20 per cent above the
present level by 1980, mainly because of increased use of cod for filleting. This
forecast presupposes that the competition of the European fleet does not become too
much greater than at present.



ICNAF Subarea 4

Present stock: 1,200,000,000 1b, Utilization by Canada: 210,000,000 1lb,
w " others: 100,000,000 1lb.
(based on 1953=H4 )

Stock in 1980: 1,500,000,000 1lb, Utilization by Canada: 250,000,000 1b.
' " " others: 120,000,000 1b.,

History and Present Status
In Subarea 4, cod are common at the mouth of the Bay of Fundy, on inshore
and offshore Nova Scotian grounds, and throughout the Gulf of St. Lawrence. The

southern populations off wesgtern Nova Scotia have Tapid growth and high fishing
mortality. The northern populations in the Gulf of 5t. Lawrence have slower
growth and lower fishing mortality.

Best available statistics of the Subarea 4 catch are from (6), in millions
of pounds:

Canada Others

Mainland Nfld, U.S.4A, Europe Total
1931-35 183(55—55) 18 47 ? 248+
1936-4.0 172 10 55 ? 237+
1941-45 246 18 43 7 305+
1946-50 275 17 18 ? 310+
1951 225 - 26 10 ? 261+
1952 227 39 13 ? 279+
1953 165 38 8 115 327

1954 w7 38 8 80 303

The annual yield has varied from 210 to 430 million pounds (all countries).
In 1954, the yield was 300 million pounds. The high landings in 1945 (430 million)
were taken from a stock of cod which had increased in weight because of reduced
fishing during war years. ~The pogt=war decrease in landings is attributed to a
reduced stock of cod resulting from increagsed use of otter trawlers, and in lesger
degree, probably, to higher water temperatures.

The Canadian share of the catch has varied from 145 to 350 million pounds
during the period 1933 to 19564, Canada tock most of the catech during war years.
In 1954, European and United States trawlers reported 80 and 8 million peunds,
respectively, and Canadian landings were only 215 million pounds. However there
is a possibility that reported catches by one or more European countries are
substantially higher than their actual catches.

The stock of cod in Subarea 4 is estimated to be approximately 1,200 million
pounds, corresponding to an average rate of utilization of 25 per cent in 1954,
About 300 million pounds could be taken annually on a sustained yield basis.



Future Prospects

"It is predicted that the cod stock in Subarea 4 will increase about 15 per
cent during the next 25 years. A reversal of the trend towards higher temperatures
will help to reverse the current downward trend in stock and landings. Wise use
of the resource through large-mesh trawls and limited fishing intensity will also
result in a larger stock. Landings of about 370 million pounds may be anticlpated
25 years from now. By improving fishing methods and gquality of products, Canada
should continue to tgke the greatest share of the catch. Canadian landings of
about 250 million pounds may be expected 25 years from now,
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HADDOCK = Melanogrammus seglefinus

Present stock: 480,000,000 1b, Utilization by Canada: 112,000,000 1lb,
w "  others: 90,000,000 1b,

(1953-54 basis)
Stock in 1980: 340,000,000 1lb, Utilization by Canada: 95,000,000 1b.
" ¥ others: 70,000,000 1b,

The haddock is common along the northwest Atlantic coast from the southern
part of the Grand Banks tc Cape Cod. It is normally found in quantities in warmer
waters than cod. .

The-centre—-of-abundance-and of the-commercial-fishery in - Canadian Atlantic
waters is in the inshore and offshore waters of Nova Scotia. In the Gulf of St.
Lawrence it is only found in very small quantities in tle southwestern portion.
It is more restricted to the bottom than cod, This tends to delimit the various
haddock populations even more sharply than cod populations in Canadian Atlantic
waters (1, 3, 4, 6). Growth is faster in the southern area than in the northern.
Relative strength of year-classes varies widely in haddock, causing fluctuations
in the stocks. Maturity is reached at 4 and D years of age. The fishery is made
up mainly of 4 to 7 year olds.

Subarea 3

Present stock: 240,000,000 1b, Utilization by Canada: 50,000,000 lb,
' w ¥ others: 50,000,000 1b,
(195354 basgis)

Stock in 1980: 120,000,000 1b. Utilization by Canada: 25,000,000 1lb,
" " others: 25,000,000 1b,

History

"Haddock are at the northern limit of their occurrence in commercial quantities

in the southern part of Subarea 3. Consequently their abundance is to a consider-
able extent at the mercy of climatic trends.

To-day there are two haddock stocks of commercial importance in Subarea 3-=-
the Grand Bank and the 5St. Pierre Bank stock. The fishery on both of these grew
to significant proportions about 1946, though earlier small quantities had been
landed. The peak catch was 147 million pounds in 1949. Recent figures, in
millions of pounds round weight, are as follows, mostly from (2):

Average yearly landings
Canada Others Total

0D

1927-30 Co3 5] 5
193135 1 5 6
1936-40 1 1 2
1941-45 1 4 5
1946-50 23 67 90
1951 9 84 93
1952 17 71 88
1953 3l o2 83

1954 73 49 122



The Newfoundland portion of the Canadian landings up to 1935 are exports
for the fiscal years ending June 30; from 1936 onward they are for the calendar
year. Some of the totals for ®Others™ are not exact, for the European statistics
had not been compiled by area and breakdowns were made on the basis of known
years.

Although it seems clear that haddock Have become more nimerous in recent
years, the catches taken in the 1930°'s do hot reflect the size of the stock avail-
able then. At that time most interest in Newfoundland centered around salt fish,
Haddock were considered too small to make a good salted produdct, and were not
fished intensively.

-Pregsent—Status

The principal countries which harvesgt haddock in Subared 3 are Canada and
Spain. Until the past year or two Spanish vessels caught nost of the haddock
in the area. However, in 1954 and 1955 the Canadian trade, particularly in
Newfoundland, by machine filleting was able to utilize smaller haddock and there
was an exceedingly abundant stock of haddock on St. Pierre Batlk, close to the
Newfoundland plants. A further economy consisted of landiilg most of these small
haddock round. The Canadian catch rose ih 1953 to 38 per cent and in 1954 to 60
per cent of the total, and in 1955 there was a further increase.

. Most of the Canadian catch is landed in Newfoundland, but an appreciable
portlon (17,000,000 1b, in 1954) goes to mainland ports.

The rate of total mortality of vulnerable {full-recrdited) fish in these
stocks is about 50 per cent per year, about 30 per cent from fishing and 20
per cent natural, On an instantaneous basis the total is 0.70 and the rate of
fishing 0.42. Applying the latter to an average catch of 100 million pounds meats
that the stock present recgntly has beeh about %40 million pounds. However both
. the St. Pierre and Grand Bank stocks receive important new year-classes of recruits
only every 3 or 4 years, and recent catches have been almost entirely from the
very large 1949 year-class. So far, each year's removals and losses have largely
been made up by growth of the survivors, but the end is in 8ight for this brood,

Puture Prospects

The 1949 year-class will yileld at a decreasing rate for a few years more.
In addition to the decrease in stock density, the individual fish are now large
enough for the Spanish fleet to catch cotisiderable amounts, and they will pro-
bably take an increasing share in 1956 atid 1957. Hence the Canadian harvest
will likely decrease somewhat in the years 1mmedlately ahead, until a new major
year-class enters the fishery,

In general, if stocks remain as in the past decade, the amounts caught by
Canada will largely depend on mesh sizes and the possibility of utilization of
small fish. IFf very large mesh sizes are prescribed, the advantage will return to
. the Bpanish salt-fishing fleet. Another complication is the continued presence in
the area, and concentrating on haddock, of the Scottish factory ship the Fairtry.
Any considerable economic success of this kind of fishing, followed by an increase
in factory ships, would present formidable new competition.
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Over a longer period, the prospects for Subarea 3 haddock are for moderate
but fluetuating yield. It is likely, though not proven, that much of the increase
in baddock stocks in Subarea 3 was a result of warming of the ocean since the
late 1920%s, The immediate prediction of a few more warm years will probably
permit one or two additional excellent spawnings. However, the subsequent return
to cooler temperatures, if it does ocecur and if it continues to 1980, could reduce
the stock and cateh considerably. For our best forecagst we have taken the moderate
view that average supplies will be reduced by 1980, but only to 120 million pounds
=-gabout half of the present, and that Canada will then take half of the harvest,
or 25 million pounids.

Subarea 4

Present stock: 240,000,000 1lb. Utilization by Canada: 62,000,000 lb,
" » others: 40,000,000 lb,
(1953-54 basis)

Stock in 1980: 220,000,000 1lb, Utilization by Canada: 70,000,000 1b,
" ® others: 45,000,000 lb,
History

: Haddock has long been a popular food fish in eastern Canada and the ‘United
States., It ranks second in importance among the groundfish of Subarea 4. It is
found in the Bey of Tundy, on inshore and offshore Nova Scotia grbunds9 égnd in
the southern part of the Gulf of St. Lawrence. A number of stocks of haddock are
found in Subarea 4, all distinct from those of Subareas 3 and 5, and largely
distinct from each other. About 75 per cent of to-day’s landings are taken by
otter trawl, but line fishing for haddock continues to be important in Canada.

Lendings in the recent period are shown below, in millions of pounds round
weights

Canada U.S.A. Buropean  Total

1931-35 40 67 ? 107+
1936-40 46 54 ? 100+
1941-45 34 29 ? 63+
1946-50 48 37 ? 85+
1951 64 37 ? 101+
1952 60 54 ? 114+
19553 56 40 1 97’
1954 69 39 0 108

European catches have always been small,

The total annual yield has varied from 50 to 155 million pounds during the
past 25 years. During the long early history of line fishing, Canadian landings
exceeded those of the United States. In the early 1930°s an accumulated stock of
haddock was removed when the United States trawler fleet expanded rapidly, and
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their catch at that time exceeded ours. With reduced fishing during war years,
landings of both countries dropped to a lower level. Increasing landings during
the post-war period are attributed to a growing flset of Canadian otter trawlers,
and to an increase in the size of the stocks resulting (probably) from more
favourable water temperatures. Canadian landings again surpassed those of the
United States during this period.

Present Status

Haddock were tagged extensively in the 1930°'s (6), and also in recent years.
While returns show much variability, and are greater closer to shore, an overall
figure for rate of exploitation is about 30 per cent, and natural mortality is
apparently about 20 per cent, so that instantansous rate of fishing is 0.42, much
as in Subarea 3. The stock therefore is about 100,000,000/0.42 = 240,000,000

pounds,

Future Prospects

' Indications are that the haddock stock in Subarea 4 will decrease by about
10 per cent during the next 25 years. The predicted decrease in water temperatures
will reduce the grounds available to haddock, particularly in the southern Gul?f
of St. Lawrence. Also, increased stocks of cod may reduce haddock abundance through
predation. On the other hand, present dragging practices are wasteful of small
haddock in Subarea 4, and it is anticipated that better utilization will be achieved
through international agreement. The first step in a program of mesh regulation
hasg already been recommended by ICNAF., ILandings of about 115 million pounds may
be anticipated 25 years 'from now, Canadian landings being about 70 million pounds.
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RETFISH - Sebastes marinug

Pregent stock: 2,200,000,000 1lb. Utilization by Canada: 38,000,000 1lb,
w ® others: 124,000,000 1b,
(1952-54 basis)

Stock in 1980:; 1,350,000,000 1b, Utilization by Canada: 70,000,000 lb,
" ® others: 70,000,000 1lb,

Redfish occur as far south as New Jersey, but are most abundant in the
Gulf of Maine and off Nova Scotla. Recent explorations carried out by the
Newfoundland Biologieal Station and later by the Fisheriss Research Board of

Canada, from the Grand Banks to the northern extremity of Labrador, indicate
additional and as yet untapped stocks in depths increasing to the northward.
Redfish prefer vold waters, ranging from 35° F. to 50° F., They are on the bottom
in the daytime and rise from it at night. :

Unlike other common commercial fishes, the young are born alive, The female
produces from 25,000 to 40,000 young each year. Redfish do not become sexually
mature untll they are about 10 years of age. Growth is slow everywhere, and many
of the fish in the commercial catches are more than 20 years of age., There are
apparently no special spawning grounds.

Stocks of redfish are localized, with no movement between Subareas, and not
much within them (1, 2).

Redfish have only recently become marketable, so the fishery is largely a
wartime and post-war development. The fish are taken by trawling in fairly deep
water, The catch is taken almost wholly by Canada and the United States, since
European nations have not yet been able to salt this fish in a form acceptable
to their consumers.

Redfish dragging was started by United States trawlers during the 1930°s
in the Georges Bank region {(Subarea 5), and extended northward as the local
supplies were reduced. Canadian landings did not become large until about 1945,

JCNAT Subareas 2.and, 3

Present stock: 1,700,000,000 1b, Utilization by Oanada: 24,000,000 1lb.
" ® others: 69,000,000 1lb,
{1952-54 basis)

Stock in 19803 1,000,000,000 1b,  Utilization by Canada: 45,000,000 lb,
" " others: 45,000,000 lb,

History

In Subarea 3 the redfish fisghery is a post-war development. There is no
catch in Subarea 2. The average landings, in millions of pounds, have been as
follows:



Canada Others Total

194245 0.1 oo 0oL
1946-50 11,5 0.1 1l.6
1951 38.8 29.9 68.1
1952 32 ok 69 .4 101.8
1953 2745 73.0 100,53
- 1954 12,8 55,0 77 8.

The Cenadian catch rose rapidly to a peak of 38 million pounds in 1951
and has since declined te 13 million pounds. The decline has been largely
due to a concentration of the Canadian fleet on haddock, and some transfer
—0f Newfoundlend effort in_redfish fishing to. the Gulf of 8t. lLawrence.

Redfish have also not been as abundant as previously on the Newfoundland red-
fish fishing grounds on the eastern slope of the Grand Bank. Meanwhile the
United States fleet has been obtaining several times this catch in Subarea 3,
g0 that in 1954 the Canadian redfish catch in the Subarea was only 16 per cent
of the total., The United States catch has been fairly stable, The United
States fishermen utilize the abundant amaller redfish of the southwest slope
of the Grand Bank as well as the larger redfish on the eastern slope of the
Bank .

Present Status

The redfish fishery in Subarea 3 is still in an sarly stage of development:
that of the "removal of accumulated stock™. ITn some areas sufficient fish have
been removed that stocks are now nobticeably scarcer. Other more remote stocks
are not yet being exploited. Because redfish become fishable first at 10 years
or so of age, there has not yet been time for the exploited stocks to respond to
fishing by increasing recruitment. We have no clear idea of what their sustained
yield will prove to be, but it will almost certainly be less than the initial
removals. For the whole of Subareas 2 and 3, we guess that present utilization
is about 5 per cent of the stock per year.

Future Prospects

On the whole, it is likely that stocks now fished will not sustain the pre-
sent rate of utilization definitely. On the other hand, by bringing other stocks
of Subarea 3 and {eventually) Subarea 2 into production, the catch can probably
be maintained at about its present level. Whether Canada will obtain a greater
portion of the ecatch is a question of economicg, and the level of United States
tariffs on the fillets will be a major factor., At the present time Canadian
vessels can make more trips but the landed value per pound is only half the
landed value in the United States.

Theoretically there may exist very great pelagic stocks of redfish, of which
the populations now fished are only a fringe. However, at present there is no
evidence for such stocks, so we have made predictions on the basis of known
supplies.

Qur best estimate is that total redfish production from Subareas 2 and 3
will be about ths same in 1980 as at present. Present areas will give less
yield as the old mature stock is removed, but addition of new grounds will com-
pensate for this. Since Canada's advantage of location will increase as more
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northern stocks are used, the Canadian share is predicted to become 50 per cent
of the total, or about 45 million pounds.

ICNAF Subarea 4

Present stoeck: 500,000,000 1b, Utilization by Canada
1952-b4 av.: 14,000,000 lb,
1954 only : 36,000,000 1lb,

Utilization by others
1952=54 av.

co oo

55,000,000 1b.
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n " others : 25,000,000 1lb,

History

Redfish occur commonly throughout Subarea 4, in deeper water than cod
and haddock. They are caught commercially between Nova Scotia banks and inshore
grounds, and along the desp channels of the Gulf of St. Lawrence. Redfish are
caught by otter trawlers and marketed in fresh and frozen products. The fishery,
which is only 20 years old, has depended on a large number of populations of old,
slow-growing fish. TFach accumulated population is rapidly reduced by fishing,
and consequently the fleet has moved farther east each year in search of new
grounds, :

Average landings to date have been as follows, in millions of pounds:

Canada

Majinland Nfld, U.S.A. Total
1931=385 0 0 0.3 0.3
1936=40 0.3 0 22 2208
1941=45 0 0 19 19
1946=50 1 0 117 118
1951 2 0 184 186
1962 3 3 43 49
1953 14 6 43 63
1954 25 1l &84 120

Present Status

The total stock of redfish in Subarea 4 appears to be approaching a level
of stability well below that of the virgin stock. At a 14 per cent instantaneous
rate of removal in 1952-54, the stock is estimated to be about 500 million pounds.

Future Prospects

It is predicted that landings will soon depend on annual recruitment and
growth, as all stocks are brought into production. In the Gulf of St. Lawrence
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there are only occasional succegsful year-classes of redfish, which does not
suggest a large sustained yileld. Neither does the slow growth at the low temp-
eratures where redfish live. In 25 years, the annual landings will probably
not exceed 50 million pounds; at the current rate of fishing, the stock would
then be 350 million pounds. This rather low rate of remcoval reflects the slow
growth and sporadic recruitment of the species.

Some increase in landings may come from use of better mesh sizes, and
reduced wastage of small fish at sea. Improved fishing techniques may be deve-
loped to catch redfish wherever they may be concentrated off bottom. However,
neither development is expected to result in landings of the size of the late
1940's., In future, Canada will probably take about half the catch, or 25
million pounds per ysar.

(1) Martin, W. R, 1953, TIdentification of major groundfish stocks in
Subarea 4 of Northwest Atlantic Gonvention area., ICNAF, Annual
Proceedings, Vol. 3, pp. 57=62.

(2) Templeman, Wo MS. (The redfish in Canadian Atlantic waters,) Fisheries
Research Board of Canada, St. John's,
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POLLOCK = Pollachius virens

Present stock: 200,000,000 1b. Utilization by Canada: 32,000,000 1b,
w "  others: 7,000,000 1lb,
Stock in 1980: 160,000,000 lb. Utilization by Canada: 40,000,000 lb,
" " others: 10,000,000 1b,

History and Pregent Status

Pollock is a common groundfish in the southern part of ICNAF Subarea 4,
and ranges north to the southern Grand Bank and St. Pierre Bank in Subarea 3.
The largest catches are made at the mouth of the Bay of Fundy. The stock of

—————pollock—is-believedto-about-200-millionpounds+Approximately 60-millien—

pounds could be taken each year under present conditions.

Pollock landings in Subarea 4, in millions of pounds round weight, have been
as follows:

Canada U.8.A. Total

1931-35 8 4 12
1936-40 16 8 24
1941=45 20 7 27
1946=50 - 29 7 36
1951 22 ? &+
1952 34 8 40
1953 37 ? 37+
1954 , 36 ? a6+

Landings of pollock have been increasing, mainly because of increased
marketability. The United States has teken 6 to 12 million pounds per year
gince 1930, Annual Oanadian landings have increased from about 5 million pounds
in the 1920%s to about 25 million pounds during the post-war period and 36=37
million pounds in 1953 and 1954,

Future Prospects

Increased utilization will likely increase the pollock catch in the immed-
late future, possibly to 60 or 70 million pounds, However if the cooler temp-
eratures predicted for 1980 actually occur, there will be some restriction of
range and abundance, so that total production then is estimated as only 50 million
pounds per year.




HAKE

White hake = Urophyeis tenuis
Squirrel hake - Urophycisg chuss

Present stock: 200,000,000 1b, Utilization by Canada: 30,000,000 1b,
" others: 1,000,000 lb,

Stock in 1980: 200,000,000 1b, Utillzatlon by Canadas 45,000,000 1b,
e " others: 10,000,000 1lb.

Higtory-and-Present—Status—

The hake is a common groundfish in the southern part of Subarea 4, and ranges
north to the southern edge of the Grand Banks. Catchss up to 250,000 pounds a
year have at times been landed from the Newfoundland area. The largest catches
are taken at the mouth of the Bay of Fundy eand in the southern part of the Gulf
of 8t. Lawrence. Elsewhere it is taken incidentally with other groundfish,

The Subarea 4 landings, in millions of pounds round weight, have been as
followsge -

Canada U.8.A. Total

1931=35 222 2 24
1936=40 288 3 31
1941=45 26 1 an
1946=50 32 1 33
1951 27 ? 27+
1952 34 ? B34+
1953 28 ? 28+

2Includes cusk, probably less than 1 mil}ion pounds.

Lendings have varied between.l2 and 35 million pounds-during the past 25

years. For ten years now, landings have exceeded 25 million pounds., Unfortun-
ately heke quickly soften under ice, so that demand is low and large quantities
are digcarded at sea. Canada hag taken most of the Gat@h United States landings
having decreased to about a million pounds a year.

Future Prospects

Since rate of utilization is low, the hake stock should yileld at least
60,000,000 pounds annually on a sustained basls. We anticipate that demand
W1ll increase with a growxng number of consumers and improved handling of the
catch, so that landings will increase and wastage will be reduced. However the
gtock will shrink only slightly, if at all, because much of the improvement will
be from greater landings rather than increase in catch. It is quite probable
that the Canadian take will be about 45 million pounds 25 years from now, and
other nations may get an additional 10 million.




SILVER HAKE - Merluccius bilinearis

Present stock: 100,000,000 lb. Utilization: mnegligible

Stock in 1980: 60,000,000 1b,. Utlllzation by Canmda: up to 5,000,000 1b,
" others: up to 5, OOO 000 1b,

History and Present Status

The silver hake or whiting is an abundant groundfish in the southern part
of Bubarea 4, and in recent years it has been found in some numbers as far north
as the southern Grand Bank and 5t. Plerre Bank in Subarea 3, It is a southern

mean.temperatures has 1ncreased the abundance of the specieq on our coasto

We guess that the present stock of silver hake in Subarea 4 is roughly
100 million pounds and that about 25 million pounds could be taken each year.
However this fish quickly becomes soft under ice. It has not been exploited by
any nation in our waters. United States landings from Subarea 5 have become
important during recent years, about 40 million pounds per year have been landed
since 1944,

Future Progpects

It is predicted that silver hake will be of little or no commercial impor-
tance to Canada during the next 25 years., After 1960 the stock will probably
decrease with the lower water temperatures that are forecasted. Total landings
from Subarea 4 might be 10 million pounds per year by 1980, and half this amount
might be landed in Canada.




HALIBUT - Hippoglossus hippoglossus

Present stock: 60,000,000 1b. Utilization by Canada: 6,200,000 1b.
" ® others: 200,000 1lv,

{1952-54 basgis)
Stock in 1980: 60,000,000 1b, Utilization by Canada: 6,500,000 1b,
" ® others: 600,000 lb.

Halibut are found in small numbers along the deep-water edge of cod and
haddock grounds. Growth 1s slow, and no great fluctuation in year-class size
has been identified,

Halibut landings consist of (1) fish caught by professional halibut
fishermen, using long-lining gear; and (2) fish caught by trawlers incidentally
to figshing for cod, hédddckp etec. Longliners take most of the catch. Trawlers
catch smaller fisgsh as a rule.

Extengive movements of halibut off Nova Scotia and within the Gulf of St.
Lawrence have been observed, but no interchange between these regions (1),
However one Gulf halibut was retaken on the edge of the Grand Bank, and ancther
off Iceland (2). In spite of this, the Subarea 4 stocks are to a large extent
distinet from Subarea 3 or Subarea 2.




Subareas 2 and 3

Present stock: 20,000,000 lb, Utilization by Canada: 2,000,000 lb,
" "  others: 100,000 1b.

. (1952-54 bagis)
Stock in 1980: 20,000,000 1b. Ttilization by Canada: 2,500,000 1lb,.

" " others: 500,000 1b,

History and Present Status
The catches since 1930 in our region have been as follows, in thousands
of _pounds. round weights

Subarea 2 Subarea 3

Canada Others Canada Others
1931=35 0 277 429 258
1936-40 0 9 650 433
1941-45 0 0 457 6
1946-50 0 39 1386 15
1951 0 481 5712 18
1952 0 48 1789 . 0
1953 0 0 1391 43
1954 0 0 2659 103

In Subarea 2 halibut occur but the stocks are presumably only of moderate
size. In several years between 1935 and 1942 there was a small Newfoundland
catch, but the actual amounts are unknown. IEuropean vessels have taken sporadic
cateches in the Labrador region. There were landings reported in 7 years between
1930 and 1954, the maxima being 659,000 pounds in 1933 and 481,000 in 1951,
Norwegian fishermen are said to have found good halibut fishing in the northern
part of Subarea 2 in 1955,

In Subarea 3 there 18 regular fishing by the Canadian fleet, consisting

of both Newfoundland and Nova Scotia vessels. Most of the catch is landed on
the mainland. Except since 1951, the yield figures tabulated above include
catches for ICNAF district 4R {(west coast of Newfoundland), but these were
never large {less than 100,000 pounds per year in 1952-54),

Catches made incidentally by the Buropean salt-=fighing fleet are not
included in any statistics. Presumably these are discarded at sea, apart
from any that mey be eaten by the crews.

Canadian landings from Subarea 3 increased greatly in 1950 and 1951 reaching
nearly 6 million pounds in 1951, Since 1951 they have declined again to more
usual levels, This peak of production principally reflects increased effort
applied to stocks which had accunulated during World War II. Halibut fishing
is done mostly by vessels which would otherwise fish for cod, so effort expended
in halibut fishing responds sensitively to changes in the price differential
between the two species and to the catch of halibut per unit of effort expended.

The stock estimate is made on the basis of a rate of utilization similar
to that estimated for Subarea 4, below.



Future Prospects

There is no expectation of future catches .in Subarea 3 much larger than
those taken to-day; say 2,200,000 pounds in 1980, It is possible that a larger
~ stock might be built up and a larger yield eventually taken if capture of small
fish were eliminated. However there geems no way of accomplishing this without
hardship to the more important round-fish industry.

Some Canadian expansion into Subarea 2 is possible, but the stocks there
are probably much less than in Subarea 3. We estimate 300,000 pounds a year
taken by Canada from this Subarea in 1980, and possibly as much again by other
countries.

Subarea 4

Pregent stock: 40,000,000 lb, Utilization by Canada: 492609000 1b.
. "  others: 100,000 1b,
(1952-54 basis)

Stock in 1980: 40,000,000 1lb. Utilization by Canada: 4,000,000 1b,
’ " "  others: 100,000 1b,.

History and Present Status
The landings of recent years are shown below in thousands of pounds round
weight:

Canada Others Total
1933=35 3300 1400 4700
1936=40 4100 1100 5200
194145 1800 200 2000
194650 4400 100 4500
1951 4900 200 5100
1952 4000 100 4100
19563 4600 100 4700
1954 4000 100 4100

The post-war inecrease in landings seems to reflect mainly the increase
of stock during the war, and 1lts subsequent removal by heavier fishing. At
present the catch is back to the pre-war level.

Tagging experiments in 1946 off Anticestl Island and in 1947 off south-
western Nova Scotia indicate a rate of recapture of about 10 per cent per year,
if allowance is made for failure to report some tags (1, 2), or slightly more
on the instentaneous basis, Consequently the Bubarea 4 stock 1s estimated as
4,200,000/0,105 = 40 million pounds.

Future Progpects
We anticipate that halibut landings will remain at about their present level
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during the next 25 years: 3 million pounds per year. It is not likely that
other nations will enter the fishery on any important scale,
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FLOUNIERS

I

American plailce Hippoglossoides platessoides
Greysole or witch < Glyptocephalus cynoglossus
Winter flounder - Pgeudopleurcnectes americanus
Yellowtail flounder - Limanda ferruginea

Present stock: 500,000,000 1b., © Utilization by Canada : 65,000,000 1b,
' " " others : 6,000,000 1lb,

(1952-5% bagis)
Stock in 1980: 400,000,000 1lb, Utilization by Canada™®: 90,000,000 1b,
" ®__others¥s10,000,,000-1bs

*These landings would be about equally divided between Subarea 3 and Subarea
4, '

Landings of flounders by Subareas in 1952-54 were as follows {(in thousands
of pounds round weight )

Subarea 2 Subarea 3 Subarea 4 Total

_Canada Canada Others Canada Others Canada Others
1952 0 36,900 200 24,400 3,500 61,300 3,700
1953 20 42,900 100 25,000 7,100 67,900 7,200
1954 few 24,000 ? 35,000 ? 59,000 ?

The four species listed are treated separately below, as far as possible,
The American plaice is the most important species, especially in Subarea 3,
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American Plaice

History and Present Status -

"This plaice occurs on both sides of the Atlantic, being known as long rough
dab in England. In America it is found from Long Island to the Arctie, usually
from 20 to 100 fathoms. It is abundant over some large areas of the northern and
eastern Grand Bank, and is also found in important commercial quantities on the
Nova Scotia banks and the southern part of the Gulf of St. Lawrence. TUnlike other
flounders, it is taken in some numbers by the line fishery, as well as by dragging.

Plaice grow very slowly on the Grand Bank, being similar to redfish in this
respect. Farther south growth is faster and the stock younger.

of pounds:
Subarea 3
1948 2
1949 5
1950 13
1951 27
1952 3L
1953 30
1954 19

Prior to 1948 only small landings were made in Subarea 3, and Canada has taken
the only important catches there. The fishery is still in the stage of removal
of accumulated old stock. The younger age composition which is approaching

will be advantageous in that fewer young fish will have the undesirable "jellied"™
condition of the flesh (2). The decrease of Area 3 landings in 1954 (and 1955)
is mainly a result of diversion of otter trawling effort to the abundant haddock
of the southern banks in the Subares.

The Subarea 4 stocks have been used for a longer period of time, but exact
landings figures are unavailable because this species is grouped with other
flounders in the statistics.

The-Canadian--landings of plaice in Subarea 3 are as shown below, in millions . .

Future Prospects :

An estimate of total landings in 1980 is 356 million pounds from Subarea 3 and
possibly 20 million from Subarea 4. The stock will be reduced in size, especially
in Subarea 3, but this of course is a favourable development, up to a point.,

Greysole or Witch

History and Present Status
"This is another species whose fishery dates from the time since World War
IT. It is a deep water species, taken by draggers or Danish seine,

In Subarea 3 it is taken by Danish seining on a small ground in Fortune Bay,
and along with haddock in dragging on the southwestern Grand Bank. Catches landed



in Newfoundland, in thousands of pounds, were as follows {1947-51 based on
exports)s

Subarea 3
1947 298
1948 669
1949 1509
1950 2142
1951 2927
1952 2618
1953 6887
1954 5351

In-Subarea-4-the witeh--is—taken-commonly-on-both-the-Atlantic-and-the-Gulf ——nm

gsides of Cape Breton. Witch landings are grouped with other flatfish. The
present catch is taken mainly by dragging but grounds suitable for Danish seining
have been discovered in that area (4). '

Future Prospects

In Subarea 3 an increase in landings of about 50 per cent will probably
be possible, to say 10 million pounds per year., If more Danish seining grounds
are digcovered this might become greater, but recent searching has revealed only
rough bottoms in the more likely areas.

Winter Flounder

History and Present Status

Since World War II the winter flounder or blackback has become of some
importance to inshore draggers in the southern part of Subarea 4, In St. Mary
Bay, Nova Scotia, the catch rose to 1,299,000 pounds in 1950, during the peak
of the removal of accumulated old stock, and now seems to be levelling off at
about 500,000 pounds per year.

Statistics of winter flounder catches for the whole Subarea are included
with those of the other flounders. ' )

Future Prospects

Ag far as St. Mary Bay 1s concerned, the fishery appears to have reached
a limit beyond which it is not profitable to go within the present price structure
(3). Other areas have some possibilities for increased landings but the fishery
will probably never be a large one in our waters.

Yellowtail Flounder

The yellowtall is one of the four flounders which contribute to an estimated
stock of about 200 million pounds in Subarea 4. They are taken by otter trawlers
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on the Nova Scotia banks, usually in water less than 40 fathoms deep. They occur
in Subarea 3, but not in significant commercial quantities. Canadian landings in
1946 were about 2 1/2 million pounds (6). See above for flounder prospects in
general,




GREENLAND HALIBUT - Reinhardtius hippoglossoides

Pregent stock: 20,000,000 1lb. or more Utilization: 1,000,000 1lb,

Stock in 1980: mno change Utilization: 1,000,000 1b,

History and Present Status

The Greenland halibut 1s a northern species, occurring in Subareas 2 and
3., It is found in all deep cold water parts of the Newfoundland area but is
only fished in a few of the more accessible parts of the bays, particularly in
Trinity Bay. The catch is sold as salted fish., It does not seem particularly

form from Greenland.

Catches in recent years have run between 500,000 and 1,300,000 pounds; the
peak was nearly 2,000,000 pounds in 1930, A synopsis of average yearly landings
is shown below, in thousands of pounds round weight:

1911-15 131
1916=20 824
1921-25 765
1926-30 1334
1951-35 1102
1.936-40 898
1941-45 ‘ 889
1946-50 871
1951 743
1952 968
1953 1090
1954 1191

Future Prospects
Though supplies are available to support a larger fishery, it is unlikely

that landings will increase in the near future since the number of fishermen is
declining and the future of the salt fish market remains doubtful. There will
however be increased incidental landings from an expanding longline fleet.

Best prediction is that these two trends will offset each other and maintain pro-
duction at about its present level.

attractive as a fresh fish, but there has been some export in_the fresh frozem .



SKATES

Barn-door skate -~ BResja laevis

Big skate = Raja ocellata

Thorny skate Raja radiata
Spiny-tailed skate - Raja spinicauda

B

Pregsent stock: 70,000,000 1lb. Present utilization: negligible
Stock in 1980: 70,000,000 lb. Utilization by Canada: 4,000,000 1lb,.
" " others: 2,000,000 lb,

Present Status

A varlety of species of skate are found in Subareas 2, 3 and 4. Large
numbers are taken while fishing for other groundfish, principally of the first
three species above. They have not been used commercially, except a small
amount kept by the Scottish factory ship Fairtry. ©Skate wings are extensively
utilized for food in European countries. It is guessed that the total stock of
skates is about 70 million pounds and that roughly 15 million pounds could be
landed each year.

FPuture Prospects

Skate wings will doubtless be marketed in North America as demand for protein
inecreases. The remainder could be reduced at appropriate plants. It is predicted
that skate landings off our coasts might be 6 million pounds per year 25 years from
now, of which Canada may take 4 million pounds.




CUSK - Brosme brosme

Present stock: 30,000,000 1b, Utilization by Canada: 2,000,000 1lb,
" " others: 300,000 1b.

Stock in 1980: 30,000,000 1b. Utilization by Canadm: 3,000,000 1lb,
L

" others: 1,000,000 1b.

History and Present Status

The cugk is of some commercial importance in Subarea 4, but it 1s rarely
encountered farther north., It is an excellent food fish, and is taken on all
fishing banks incidentally to catches of other groundfish species. No large
concentrations of cusk have been observed. Iandings in recent years are as

follows, in thousands of pounds round weight:

Canada TU.Soh, Total
1931=35 a 2000 2500 (estd)
1936=40 8 3000 3500
1941-45 1000 1000 2000
1946-50 1000 300 1300
1951 2000 ? 2000+
1952 2000 300 2300
1953 2000 ? 2000+

8Probably less than a million pounds. During these years cusk catches
were included in published statistics along with hake,

The stock of cusk in Subarea 4 l1s estimated to be about 30 million pounds.
United States landings averaged about 2 million pounds annually from 1900=1945,
but have recently declined. Nova Scotian landings have risen in the last few
years, and most of the catch is now landed there.

There is no real information on rate of exploitation., However the species
is mostly caught incidentally to other fishing operations, and it tends to

frequent rocky-areas where dragging is difficult; so the rate of utilization is
probably low in spite of the good price which it commands. The population est-
imate of 30 million pounds is on the basis of about 8 per cent utilization in
1951=54, ‘

Tuture Progpects
Landings may increase to about 4 million pounds 25 years from now, of
which at least 3 million pounds may be expected to be taken by Canada.




CATFISH (Wolffish)

Common or striped eatfish = Anarhichas lupus

Spotted eatfish = Anarhichas minor
Pressnt stock: 110,000,000 lb. Utilizaticn by Canada: 6,000,000 1lb,
" ® others: 1,000,000 1b.
Stoek in 1980: 90,000,000 1b. Utilization by Canada: 14,000,000 lb,
134

" others: 1,000,000 lb,

History and Present Statug

Catfish or wolffish are of most importance in Subarea 4, There the spotted
catfish is uncommon, but the common catfish is found in large numbers particularly
on inshore grounds off southwestern Nova Scotia., Most of the fishing takes
place during spring months when catfish are concentrated near shore,

In Subareas 2 and 3 the striped wolffish isg most common in the southern
areas while the spotbted wolffish is the important one north of the Grand Bank,
Present landings are mainly of the striped species from off the sgouth coast of
Newfoundland. The stock %o the northward exists over a very large area and is
so little fished that its size can only be guessed. Some informetion is avail-
able from long=lining experiments which in the deep water yielded wolffish,
mostly spotted, averaging 2-3 per cent of the deep-water cod catch.

Recent produotion 1s as follows, in thousands of pounds round weight:

Subarea 3 Subarea 4

Canada Canada U.S.4, Total
1931-35 few 400 20007 2400
1936-40 few 800 1000 1600
1941-45 a7 1000 500 1500
1946=50" 138 2000 1000 3000
195L 309 4000 s 4300+
19562 338 6000 1000 7300 +
1953 398 6000 ? 6400 +
19564 327 6000 1000 7300

81935 only

The stocek of catfish in Subarea 4 is estimated to be about 70 million
pounds, and approximately 12 million pounds could be landed each year on a
sustained yield bagis. In Subareas 2 and 3 the total stock may be 40 million
pounds or more, but most of this is on deepwater northern grounds not at present
fished.

Landings were low during war years but they have increased to 7 million
pounds in 1954, Canada took & million pounds in that year and United States
trawlers took the other million,



Future Prospects

Catfish landings in Subarea 4 may be about 9 million pounds 25 years from
now. About 8 million pounds will probably be landed annually in Canada. From
Subarea 3, landings on the northeast coast of Newfoundland will increase as
long-lining and deepwater fishing increase and as plant facilities are expanded,
particularly if some price premium over cod can eventually be offered. However
the gpecies is likely to retain an®incidentally-caught™ status, rather than
becoming the primary object of a fishery, except for a short period of the year
on Burgeo Bank. Subarsa 3 landings in 1980 may approach §5,000,000 pounds, and
the eventual possible take would be greater.




T transports

DOGFISH - Squalus acanthias

Stock: unknown, but large in Present utilization: none
gome years

Utilization in 1980: wup to 20,000,000 1lb,

History and Present Btatus

Dogfish are often extremely numerous in mummer, north to Newfoundland (1),
Formerly they were used for dog feed to a considerable extent in Newfoundland,
but this bag declined greatly in the past few years, with the passing of dog

There is no commercial fishery at the present time. In Great Britain dog-
fish are popular in the fish-and-chips trade, but it has apparently never been
accepted as an article of human food in America,

Future Prospecis

An export market for fillets may conceivably develop within 25 years, or a
reduction industry might be possible. ZEither eventuality would require an impor-
tant change in technoleogy or price structure, which cannot be forecast at this
time,

Reference

(1) Templeman, W, 1944, The life-history of the spiny dogfish (Squalus acanthias)
and the vitamin A values of dogfish liver oil. Newfoundland Biol,
Sta., Res. Bull,, No, 15, 102 pp.




HERRING - Clupea harengus

Present stock: 3,800,000,000 1b, Utilization: 240,000,000 1b,
Stock in 1980: 3,500,000,000 lb. Utilization: 500,000,000 1b,
or more

Herring occur throughout the Canadian Atlantic area from the Bay of Fundy
to Hamilton Inlet, labrador. They ars particularly abundant between the parallels
43° and 50° North Latitude. They are caught, chiefly, in a narrow coastal area,
occagsionally throughout the waters covering the continental shelf and have been
reported frequently from areas farther offshore. Herring are almost certainly
more humerous than any other commercial species in Canadian waters.

The herring stock as a whole is divided into a number of essentially discrete
unitg. There are at least four major divisions south of the laurentian Channel,
and four around Newfoundland. Xnown spawnings occur in different areas from
late April to mid-September, chiefly from 2 or 3 fathoms down to about 30 fathoms.
Herring grow to a length of about 17 inches and to a weight of about 1 1/2 pounds.
They are usually found in large schoolg and are capable of extensive migrations
{400 to 500 miles or more). Age analyses indicate total mortalities are low--
about 10-20 per cent per year. Herring 10 to 15 years of age are common in com-
mercial catches and those of 15 to 20 years are not unusual.

Catches are made, chiefly, close inshore during spawning seasons when fish
are of relatively poor quality. They are used in a variety of ways for canned,
pickled and smoked products, for bait and fertilizer and for reduction to meal
and oil,

Newfoundland Area (Subareas 2, 3 and 4R)

Present stocks 800,000,000 1b, Utilization: 50,000,000 1b,

Stock in 1980: 700,000,000 1b. Utilization: 100,000,000 lb.

History and Present Status

Present catches are very low, about 50 million pounds, compared with a former
peak catch of 160 million pounds in 1946 and 100 million pounds in 1918 and do not
represent the amounts that could be caught if the available population were utilized.
The only occasions when large landings of herring have been made were during and
just after the two World Wars when large quantities of thin spawning herring
could be sold in the salted condition. Average yearly landings are shown below,
in millions of pounds round weight:

1911=15 71
1916-20 B7
1921=25 45
1926-30 38
1931-35 25
1936-40 34
1941-45 75
1946-50 99
1951 50
1952 54
1953 37

1954 32



The labrador herring fishery has always been characterized by an irregular
succession of seasons when herring either appear in great abundance or fail to
appear at all., Thig 1s perhaps related to changes in hydrographic conditions but
there are no supporting data. Tibbo (2) concluded that the Labrador herring were
a part of the population that spawns in Notre Dame Bay on the east coast of
Newfoundland some two or three hundred miles to the south, the Labrador fish con-
sisting of the larger, clder and more migratory individuals. Attempts to develop
a herring meal and c¢il industry on the Labrador coast in the 1940's failed because
of irregular suppliegs of raw materials., At present there is little effort expended
in the eatching of herring in labrador. ,The herring that are found there are very
large (average length 15 inches) and old (average age 12 yrs.) and of very high
quality when they appear on the coast in July and August. )

Bay of Islands on the west coast and Fortune Bay on the south coast. BExtensive

herring fisheries have been carried on in Notre Dame Bay on the northeast coast
but are of little importance now. In all areas the herring taken commerecially are
large {(l0-14 inches) and old {7 to 10 years). There appear to be only minor
variations in year-class abundance and hence overall abundance should remain
stable., A large number of year-clagses (L0-14) are represented in samples from
all areas. The herring taken in Fortune Bay and Notre Dame Bay are of poor
quality and suitable for low grades of pickled products, for bait, and for reduction
to meal and oil. High quality herring are taken in Bay of Islands in November and
December but during the spring fishery in that area the landings are also herring
of poor quality. An extension of the fishing season to the summer and fall months
should provide fat herring that would be suitable for high grade food products.

Puture Prospects

The same incentives, and technical and technological advances, will affect
future landings in Subarea 3 as in Subarea 4. Catch in 1980 should be at least
twice the pregent, and might be considerably more.

Region South of the Laurentian Channel

Present stock: &,000,000,000 1lb, Utilization by Canada: 200,000,000 lb,

Stoeck in 1980: 2,800,000,000 1b, Utilization by Canada: 400,000,000 lb.

History and Present Status
The long early history of herring and sardine fishing in the Bay of Fundy
region has been discussed by Huntsman (4).

The present Canadian catch south of the Laurentian Chennel is in the
neighbourhood of 200 million pounds annually. Catches increased from 100 million
pounds in the early 1930's to 250 million pounds in 1946 and have since fallen
off somewhat. The figures below are in millions of pounds round weight:
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Herring "Bardinss® Total

1920-24 V6 39,9 117.6
1925-2% 93,6 41,7 135.2
1930-34 92,7 2303 116.0
L935-39 11l .3 43 .8 155.1
- 1940-44 124.5 7106 196.1
1945-49 134.5 84,9 219 .4
1950 168.5 68,3 230.8
1951 L4355 64 .8 208,3
1952 184.6 54,5 39,1
1G53 150.1 3702 - 187 .3
1954 175.6 33,1 208,.8

The herring fisheries in Subarea 4 are located chiefly in the southwestern
part of the Gulf of S5t. lewprence, from Yarmouth to Halifax on the Atlantic coast
of Nova Scobia and in Passamaquoddy Bay in fthe Bay of Fundy. A special feature
of the Subarea 4 fishery is the large weir fishery in and near Passamaquoddy Bay
which mostly takes Ysardine™ herring of ages 0, I and II. The Gulf of S5%.
Tawrence fishery is carried on chiefly during a spring spawning season in late
April and May. On the Atlantic coast of Nova Scotia the fishery is for summer
and fall spawning herring from July to September. In both of the latter regiomns
landings are governed more by market demand than abundance: the herring taken
commercially are large and old and the populations are in general underfished.

Future Prospects

Although present herring landings are greater than those of any other species
except cod, catches could be increased considerably. The present catceh is pro-
bably not more than 5 to 7 per cent of the stock and this could be safely increascd
to at least 15 per cent, or 400 million pounds annually. Anticipated climatic
changes are unlikely to cause marked variations in total abundance in Subarea 4.
Increased landings should result from a continued demand for fish meal and increased
demand for high quality fcod preducts. Improvements in methods of locating and
catching are esgsential, and are already being developed. Expansion of the present
fishery to offshcre areas, particularly in the Gulf of St. lawrence during summer
and fall months, will provide high quality herring for an expanding food market.
The "sardine™ industry has probably reached a plateau as regards tonnage, buk
more of its product may go for purposes other than human food which has been the
chief market until now. Recent technological advances have made posgible the use
of whole fish for the extraction of pearl essence with fish-meal a by=preduct of
the industry., Plant capacity is already large enough to handle more than half the
average landings and will probably be increased. There is no indication that the
market for canned sardines can be increased substantially.

N.B., The meaning of the term "sardine"” has changed within thée past ten or fifteen
years, It formerly meant small sizes of herring {0, I and II years), but mow it
means any herring canned for human food. Regardless of size, fishh used for fish
meal or pet food are described as "herring™ now, and the majority of the fish sc
used are small (0, T and IT years of age).
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MACKEREL - Scomber scombrus

Present stock: large Utilization by Canada: 30,000,000 1b,

Stock in 1980: 1little change Utilization by Canada: 60,000,000 1lb.

History and Present Status
Mackerel occur throughout the Canadian area from the international bound-
ary to the Strait of Belle Isle. They probably winter in "a narrow band of
relatively warm water flanking the continental shelf from abreast Cape Hatteras
to the eastern end of Georges Bank and possibly......to abreast Sable Island®
— {2) They appear on Canadian_and United States coasts in May, and start to

disappear from the northern part of the range in September.

Some spawnings occur in the Gulf of St . Lawrence and off Nova Scotia,
but the majority are off the coast of the United States. Growth is rapid--
& high proportion becoming spawning adults at 2 years of age. They are found
during spring, summer and fall in the warm surface layers rarely deeper than
50 to 75 feet.

The mackerel fishery has a long history which exhibits marked fluctua=
tions in catch and apparently in abundance of the fish (3). The largest
recent Canadian catch was 52 million pounds in 1939. The record was 70 million
in 1880, a time when mackerel were very numerous and penetrated north to the
Strait of Belle Isle in commercial quantities. Average catches for recent
years have been as follows, in millions of pounds round weight:

Years Mainland Years Newfoundland Total

1920-24 17.9

1925-29 14 .8

1930=~34 20,1

193%5=39 28.7 1936-40 0.02

1940-44 34.5 1941-45 0.08 34 .6
2.4

1945-49 31.1 1946-50 . 33,5
1950 27.1 oo oo .o

1951 24.7 1951 3.4 28.1
1952 27.1 1952 5.1 32.2
1953 24.1 1953 5.7 29.8
1954 28.2 1954 2.2 30.4

No real estimate of the north Atlantic stoek can be given, but it is
obviously large in relation to present utilization. Since it replaces itself
rapidly, it constitutes one of the larger reservoirs of incompletely exploited
fish,.

At present considerable quantities of mackerel move north into Subarea 3,
espeecially in autumn. Up to 6 million pounds have been taken in recent years
by the Newfoundland fishery. Many more were available, but these autumn fish
are fat and spoil easily, and there is lack of suitable boats, seines and shore
facilities.



Mackerel are used almost exclusively for food products, but small quantities
go for bait and for reduction to oil and meal,

Future Prospects

Mackerel are probably as abundant in Canadian waters as they are in United
States waters, but of the total catech in the western Atlantic, only about 25
per cent is taken in Canadian waters. With the use of more efficient catching
equipment (e.g., purse-seines) the Canadian catch should at least equal the
United States catch (60 to 80 million pounds annually in recent years), Though
climatic changes may eventually reduce the overall range somewhat, they will
probably have little effect on abundance within the parts of Subarea 4 where
most catches are now made. The supplies in Subarea 3 may dwindle after 5 years
or so, if predicted temperature trends actually occur, but enough may remain

to provide a catch at the present level. Lendings will also probably fluctuate
considerably due to wide variations in year-class recruitment and hence overall
abundance.

Our best estimate of 60 million pounds taken in 1980 is less than the
probable potential. Technological improvements which would preserve the excel-
lent flavour and texture of freshly-caught mackerel would boost production and
could even make mackerel a premium fish comparable to salmon. At present
mackerel in inland stores is rather consistently tough and tasteless,
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ATLANTIC SAIMON - Salmo salar

Present stock: 9,500,000 1lb, Commercial utilization: 4,500,000 lb,
Utilization by anglers: 500,000 1b,
Stock in 1980: 20,000,000 1lb. Gommercial utilizations: 10,000,000 lb.

Utilization by anglers: 1,000,000 1lb,

History

Salmon occur from southern New Brunswick to Ungava Bay. They are anadromous
figh, spawning in late autumn wherever water depths and bottom gravel are suitable
in rivers and brooks. The eggs hatch in the spring and the young remain in fresh
water for two to four years or more. They then descend to the sea, where some

individuals, if not all  range widely. They remain at sea for one year to become
"grilse®, or longer to produce "salmon®™. There is a notable tendency for maturing

fish to return to their river of origin to spawn. Spawned-out salmon are known

as "kelts". Some 5 or 10 per cent of them survive to spawn again, and another 5

or 10 per cent are taken by the fishery.

The bottle-neck in Atlantic salmon production appears to lie in the avail-
able river habitat for production of smolts (3).

The various Canadian salmon stocks cannot be treated discretely. Salmon
captured off eastern and northeastern Newfoundland include fish bound for rivers
in Iabrador, the island of Newfoundland, Quebec and the Maritime Provinces, inecluding
even the Bay of Fundy region. Similarly, catches in northern New Brunswick include
fish bound for the St. Lawrence rivers, Nova Scotia and the Fundy region, as well
as local fish. This extensive mixture of stocks on the fishing grounds was indicated
first by the widespread recapture, by fishermen, of kelts tagged in New Brunswick,
Nova Scotia and Quebec (1), and of fresh salmon tagged off Newfoundland and New
Brunswick (4, 5). It has recently been confirmed by returns of salmon marked as
smolts in the Miramichi and Petitcodiac River systems. In spite of this mixture
of stocks in the fisheries, all available evidence suggests that the fish event=
ually reach "home"™ in a great majority of cases, even seeking out the same tri-
butary that they had left as smolts (2).

Egtimateg of catches since 1890 are shown in Table A. Records of catches
for individual mainland areas are available over longer periods (3), while the
Newfoundland export figures varied between 0.8 and 2.5 million pounds, without
any consistent trend, between 1852 and 1920. Since the turn of the century, the
catch averaged 4 or 5 million pounds a year up to 1920, rose to 8 1/2 million a
year in 1926-30 (the top was 14 million pounds in 1930), and since 1940 has
fallen to 4 or 5 million a year once more. This does not include the angling
catch, which is estimated to have been about 500,000 pounds a year since 1950,

The distribution of average catch by regions since 1950 is approximately
as follows: '

Commercial catch Anglers'! catch

(1b.) (fish)

Labrador : ‘ , 800,000 1,000 (est.)
Island of Newfoundland 2,200,000 14,000

North shore of Gulf of St. Lawrence 200,000 5,000
Remainder of Gulf 1,000,000 45,000
Atlantic coasgt of Nova Scotia 90,000 5,000

Bay of Fundy : 210,000 5,000
Totals 75,000 fish

4,500,000 1b, or 525,000 lb,



Table A, Average yearly commerclal cateh of Atlantic salmon,
in thousands of pounds, round fresh.

Quebec, N.B., Newfoundland

NoSo, PoBoIl, (inel. Labrador) Total
1871=5 4063 1727 5790
1876=80 2962 1804 4766
1881=85 R327 1399 3726
1886=90 2441 1525 3966
1891-95 3216 1343 4559
1896=1900 2966 1709 46795
1901=5 3031 _1654 4685
1906=10 3478 1251 4729
1911-=15 3536 30860 6596
1916=20 3168 2472 5640
1921=25 4618 Z744 8362
1926=30 4564 5111 9675
19%31-35 4069 4778 8847
1936-40 2846 4927 7773
1941-45 2543 3723 6266
1946-50 2184 4004 6188
1951 1744 3351 5095
1952 1667 3415 5082
19563 1493 3089 4582
1954 1551 2354 3908
1955 , oo 1747 0o

Sources: For Newfoundland, Customs export figures are used to 1910 adjusted
to round weight basis; from 1911, estimates by the Department of Fisheries Markets
and Economics Division, St. John's office, including estimated local consumption
of commercial fish, but not anglers' catches., For other provinces, figures are
those of the Dominion Bureau of Statistics through 1950; from 1951 the figures
compiled by the Halifax office of the Department of Fisheries and the published
Quebec statistics are used.



In Newfoundland grilse are taken in nets as well as by angling, and may compriss
up to half the commercial catch, by weight. Elsewhere grilse are reserved for
anglers. In some New Brunswick streams kelts may be taken by angling, and about
8,000 a year are harvested.

Present Status :

The rate of utilization of Atlantic salmon is fairly large, but it has not
been exactly determined. In the late 1930's Belding and asgsociates tagged fish
from the drift-net fisheries at Port aux Basques and off the Miramichi, and at
various shore sites, and obtained returns of from 13 to 38 per cent (4)., However
their greatest rates of return were from fish tagged from shore nets, when the
salmon did not move far from the point of tagging, and had been tagged only after

much-of their-chance for exposure-to-commereigl-fishing was over. This suggests
that the drift-net fish, which dispersed much more widely, gave far too low a

return: either because fish caught in drift nets suffer excessive tagging mortality,
or because the tags were not very secure and worked loose on the longer journeys,

or because facilities for reporting tags from a digtance were not as good,

Blair (5) reports an experiment done at Bonavista in 1940, in the heart of
the Newfoundland trap-fishing area. He obtained 36 per cent first-year returns for
grilse and 41 per cent for "salmon" (2 or more years in the sea). The "salmon®,
but not the grilse, were tagged only toward the end of their season at Bonavista,
and Blair believed that this tended to make returns low: a considerably higher
rate of return would be expected for the larger fish, because commercial fishing
everywhere favours them over grilse. '

Another consideration in =assessing tag recoveries is that any tagging from a
commercial fishery tends to give too low a result because a part of the fish's
opportunity to be caught, in the current year, is past. And of course the return
of tags is never complete. On the other hand, some mainland salmon may not come
within range of the Newfoundland fishery before making landfall, though the
relatively large representation of marked Mirsmichi and Petitcodiac fish found
in that fishery does not support this view (2).

All in all, the average commercial rate of capture of "salmon™ by the various
Canadian fisheries can scarcely be less than 50 per cent, and might be greater.
For grilse 1t is estimated as 40 per cent. If we apply these figures to the 1951-54
average catches of 4,500,000 pounds, considering 1/3 of the catch of Newfoundland
and Labrador to be grilse, the total stock is estimated as 2.5 million pounds of
grilse and 7 million pounds of "salmon®, or 9.5 million pounds in all,

Future Prospects

{a) Without additional conservation measures. Estimation of future trends
in salmon stocks depends cn knowing the causes of past changes. From the very
beginning, the history of salmon fishing has been one of marked fluctuation in
catches. At least for New Brumnswick rivers, a good case has been made for assoc-
iating this with fluctuations in rainfall (3, 6), which produced ups and downs
having important highs at an average period of 9 or 10 years, as a rule., (The
year-to-year picture is complicated by predation of older parr upon younger ones,
so that every third year tended to have a strong population in some rivers.)
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However these effects do not easily account for long-term trends in catch, which
are especially apparent in the present century.

More recently it has been found that there 1s an inverse relationship between

average annual ocean temperatures and commercial salmon catches. This has been

true since 1921 when the temperature records were started. Since 1940 temperatures
have increased steadily and in the past few years have been from 2 to 3° F., abovs
normal., ©Salmon catches have declined correspondingly. In most cases the years with
the highest average water temperatures had the lowest salmon catches., Assuming

this is more than a coincidence, the causal connection between ocean temperature

and catch is not certainly known. Perhaps the increased temperaturs affects the
habits of salmon at sea so they avoid the netting areas, in which event the size

of the stock would remain unaffedted. Alternatively, the stock may actually de-

crease because oOf reduced survival of smolts in the sea when temperatures are high.
Or high ocean temperatures may be associated with high air temperature and/or low
rainfall on land, which factors presumably reduce salmon parr habitat and so reduce
stocks at that stage.

Whatever the true assoclation, oceancgraphers tentatively forecast that sea
temperatures will remain as at present for about 5 years; then in the following 20
years decline to the lower level of the early 1940's. If other conditions remain as
at present, we might expect a recovery of the salmon catches by 1980 to something
like the level of 1926-30, when 9.7 million pounds a year were caught ¢ommercislly
(round weight basis).

(b) Catech with new management procedures.

1. Control of mergansers which prey upon young salmon has been found a very
promising method of increasing smolt production, in experiments now being conducted
on several rivers (7). If after a few years this is adopted as a widespread manage-
ment procedure, we estimate that the production of young salmon can be doubled or
tripled on the rivers affected, with a corresponding increase in the stock of
adults,

2. Dams or natural obstacles which now deny extensive areas of some rivers
to spawning salmon may be removed or ameliorated. Some old mill dams, now becoming
redundant, may be removed entirely, but usually it is a matter of providing
effective fishways. TFor example, the producing area of the St. John River system
would be greatly increased by permitting spawning above Grand Falls, N.B. In
Quebec, Newfoundland and Labrador many rivers are blocked to asdent of salmon (9),
'so that only about half of the potential smolt-rearing area there is used. Some
fishways have already been provided, and there will doubtless be more built during
the decades immediately ahead. A survey of all the easteri provinces 1s in progress
by the Department of Fisheries, to determine the petentiallties and practicability
of various sites.

Some falls, of course, are too great for a fishway to be provided, or are
situated in areas which at present are so remote that construction and maintenance
costs would be excessive, Howsver we anticipate that, over the years, the Canadian
salmon stock can be increased by up to 50 per cent in this manner.

3. In areas which must remain inaccessible to spawners, salmon production can
be initiated and maintained by stocking on a continuing basis from hatecheries,
The only disadvantage of this procedure is that it is relatively expensive., Hatchery
techniques can also be used to establish runs rapidly in parts of rivers above new
fishways.
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{c) Adverse factors. Increased use of other resources will almost unavoidably
have some i1l effect upon salmon production. Power developments have already blocked
some rivers., Hven where effective fishways are provided, there is a loss of the
producing river area which is flooded by the reservoir, and usually some smolt loss
in going over the dam or through the turbines.

Increased lumbering activity will reduce shading of streams, raise temperatures,
decrease summer flow, increase erosion and silting, and hence decrease smolt pro-
duction., Chemical spraying of forests has recently caused serious salmon losses
in the St. John and Miramichi drainages, and these can be expected wherever this
activity continues. :

Potential pollution from mines, factories and urban development will tend to

increage, but c¢an probably be held below danger levels by remedial meagires,

On the whole, factors detrimental to salmon production though partly un-
avoidable, will probably not decrease potential production by more than 10 per cent
in 25 years, if all possible precautions are taken.

Taking all the above into account, our best estimate of the salmon stocks
that will be available in 1980 is 50 per cent above the "natural® production of
that time. This implies extensive use of available management procedures, and
hence the expenditure of considerable sums annually. BHventually, up to twice the
natural production may be achieved, but it will take time to bulld up runs in newly=
opened rivers, even after fishways are bullt; and the latter will itself be a
fairly long process.

If the ocean cools off as predicted, the natural unassisted production should
itself be considerably greater than the present; and it is om this higher natural
level that the results of intensified management will be buiit. However, production
will continue to vary considerably from year to year from natural causes. Our best
prediction, with intensified management and a somewhat mare favourable enviromment,
is for an average commercial catch of 10-12 million pounds in 1980 if fishing reg-
ulations remain about the same, varying between say & and 17 million,

Angling will benefit from increased stocks, along with net fishing. However,
the catch made by anglers depends not-only upon improvement of stocks in the- rivers,
but algo on summer weather conditions and on maintenance of angling effort and
skill. The number of salmon anglers is inereasing now, and if this trend continues
there is a possibility that the cateh per unit of angling effort will fall owing
to congestion at the pools, where constant whipping of the water by amateurs may
seriously disturb the salmon. However the total cateh by anglers cannct fail to
rise substantially, and should be at least twice the present level in 1980. This
will come partly from larger catches on accessible streams, and partly from more
fishing of rivers thet are now difficult to reach, particularly in Newfoundland,
Labrador and the north shore of the Gulf of St. Lawrence.
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ARCTIC CHAR or SEA-TROUT = Salvelinus alpinus

Present stock: 5,000,000 1b, Utilization: 270,000 1lb. (commercial)
50,000 lb. {domestic)

Stock in 1980: 5,000,000 1b, Utilization: 400,000 1b.,

History and Pregent Status

This speeies cccurs along the northern half of the Labrador coast (and
northward ). Typically it spawns and spends the winter in fresh water, going
to sea for feeding in summer. Growth is slow, especially northward.

The subsistence fishery is of course very old. Most commercial fish in
recent years have been taken by labrador residents; near the major settlements,
but a schooner fishery also occasionally operates from Newfoundland. The catch
is marketed in "pickled” form. The average commercial harvest has been as below,
in thousands of pounds round weights

1928-30 320
1931-35 159
1936-40 188
1941-45 64
1946-50 186
1951 122
1952 310
1953 377
1954 )

Pregent fishing levels have probably not greatly reduced the overall stock,
though repeated visits of a schooner to one area have resulted in a decline in
catch per unit effort to an unprofitable figure. Since growth is slow, and on
the whole the fishery seems toc be in balance, it ig probably taking less than 10
per cept of the total stock per year, but the actual figure given for. stock is
quite speculative.

Future Prospects

Some increase in this fishery can take place by using additional local stocks,
and if this 1s done there should be little if any general reduction in supply.
However past experience gives no hope of really large production. An eventual
take of 300,000-500,000 pounds can be envisaged,




SHAD - Alosa sapidissima

Present stock: 8,000,000 lb, Tilization: 2,000,000 1b,

Stock in 1980: 7,000,000 1b, Ttilization: 2,000,000 1b.

History and Pregent Status

The shad is anadromous, spawning in rivers in Nova Scotia, New Brunswick,
and Quebec in May and June each year. The resultant fry and small shad descend
to salt water by late summer and they remain in the sea until maturity. They
may return to spawn several times. Most shad are caught in the tidal portions
of rivers while on their aseent to the spawning grounds. Smaller catches are

made in weirs and traps.along shore in summer when a better quality of fish is
taken, i.8., fish that contaln more fat.

During the period 1944 to 1952 the eastern Canadian catch of shad has varied
from 1 1/2 to 2 1/2 million pounds yearly. Average yearly figures are as follows,
in thousands of pounds round weight:

1921-25 D64

1826=30 695

1931-35 1288

1936-40 2125

1941-450 1770

1946=50 1647

1951 2333

1952 2444 .

1953 2214 (Plus Quebec catch)a -
1954 1662 (Flus Quebec catch)?

aQuebe@ figures not available for 1953 and 1954,

The maximum catch appears to have occurred in 1875, when 3 1/3 million pounds
were caught,.

Future Prospscts

Ag Canada is at the northern limit of the distribution of shad on this con-
tinent, stocks have probably varied somewhat with trends in water temperature.
Further inerease would likely be favourable, but a lowering of temperatures in 26
years to the 1940 level should not be too serious, judging by past history.
Pollution of the streams is the greatest danger to the eggs and early stages.
Such pollution is likely to increase gradually, and natural conditions where the
shad spawn are likely to deteriorate more and more, but we anticipate that sub-
stantial spawning grounds can be spared. ©Since the shad does not ascend rivers
very far above tide, except in small numbers, serious interference with shad
migration by power dams is not very probable, though changes in flow patterns
might be unfavourable.

The above unfavourable factors will likely be counteracted by better under-
standing and more careful regulation of fishing effort. Hence we predict that the
average production of shad will remain near the two million pound level for the
next 25 years, with fluctuations up and down such as have occurred in the past.
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AIBWIVES or GASPEREAU - Pomolobus pseudoharengus and‘Pomolobus aestivalis

Present stock: 100,000,000 1b. Utilization: 33,000,000 1b,

Stock in 1980: 80,000,000 1b., Utilization: 30,000,000 1lb,

History and Present Status

The alewives are anadromous fish that ascend rivers in the Maritime Provinces
on which there are lakes. They are rarely seen in Newfoundland. Spawning takes
place chiefly in lakes, although some may occur in the sluggish portion of streams.
Spawning occurs in the late spring and the progeny descend to the sea in late summer

and_early auntumn, remaining there until maturity is reached.

Very similar to shad in appearance, alewives are much smaller and less valued
on the market. The fishery is carried on in rivers and near their mouths when the
alewives are returning to the spawning grounds. The major catches are in New
Brunswick; none are reported from Quebec,

In the period 1944 to 1954 the total yearly catch in the three Maritime
Provinces varied from»g to 41 million pounds. Average yearly catches simce 1921
were as follows, in thousands of pounds:

1921-25 4357
1926-30 6055
1931=35 7067
1936-40 9085
1941-45 9344
1946-50 16885
1951 29057
1952 41056
1953 34091
1954 29380
1555 26412

The recent period is one of large landings, resulting partly from increased
supplies which presumably result from more favourable temperatures.

Future Progpects

It 1g probable that the catch of alewives in the rivers can be increased
if markets improve. As spawning is chiefly in lakes, pollutlion is not likely
to have much adverse influence on the success of reproduction. There has been
gome reduction in available spawning grounds in Nova Scotia, caused by the con-
struction of power dams, but no really serious trouble from this source is an-
ticipated. The annual catch of alewives in 25 years may average about 30 million
pounds, and it will probably be taken from a somewhat smaller stock than to-day's,
because of predicted cooler temperatures,




EEL - Anguilla rostata

Present stock: large Utilizationr 320,000 1b,
Stock in 1980: no important Utilization: 2,000,000 1b,
change

History and Present Status

Eels spend 8-12 years in lakes and then migrate to deep ocean waters to
spawn and die. The young migrate up the rivers. They occur in commercial
quantities north to Newfoundland. Mainland catches per year have been as below,
in thousands of pounds,

1936-40 194
1941-45 16l
1946-50 261
1951 297
1952 294
19563 553
1954 333

Large numbers of eels can be taken in fall by trapping the seaward-migrating
maturing fish, and immature fish which are moving to "hibernating" areas. The
fishery would be largely seasonal.

Future Prospects

Potential markets for eels are: (1) mnorth European countries; where they
are highly esteemed as food and the local supply does meet the demand; (2) domestic
and United States markets to fill increasing demands from people of north Buropean
origin and from such "natives™ as can be taught to appreciate this delicious
fisgh,

A catch of at least 10,000,000 pounds would likely be available, but possibly
only 2,000,000 pounds will be marketed by 1980,

Modern dams may interfere locally wilth upstream migration of young, but
eels are adept in passing obstructions even through small leaks of water. They
readily use fishways.



GAPELIN - Mallotus villosus

Present stock: large Utilization : 35,000,000 1b. (mostly non-
commercial )

Utilization in 1980: 100,000,000 1b.

Higtory and Present Status

Capelin are extremely abundant in Newfoundland waters and the northern
mainland area, but at present are used mainly for bait, fertilizer and dog
food, and to some extent for reduction., They are also salted or smoked for
human uge, but on a very small scale. Estimates below are the average yearly
catch for ICNAF Subareas 3 and 4, in millions of pounds:

Years ~ Subarea 3 and 4R Subarea 4 {except 4R)
1947-50 ' 38 1
1951 42, 2
19562 34 1
19563 32 7
1954 32 ?

Future Prospects

Meal plants for capelin alone would not at present be profitable from the
shortness of the capelin season, several weeks to a month in any one area. They
can be used in herring reduction plants but at present there is only one of
these in the Newfoundland area and that is on the west coast of the island where
capelin are not as plentiful as on the east coast. At a guess, several hundred
thousand tonsg per year could probably be taken, but it is not easy to see how
guch a quantity would be utilized. It is a good food fish in the fresh or frozen
condition and apart from its unfemiliarity could compete with smelts. It is
abundantly availeble, however, only at the season when the cod also come close
to the shore in great guantities, in pursuit of the capelin. At this time plants
and people are working day and night to process the cod so that there is little
labour or plant space remaining to deal with capelin. -

For our best estimate, we consider that some facilities for capelin will be
available in 1980, but that the resource will not yet be fully utilized.
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SMELT - Osmerus mordax

Present stock: 40,000,000 lb, Utilization: 6,000,000 1b.

Stock in 1980: 35,000,000 1b, Utilization: 5,000,000 lb.

+

History and Pregent Status

The smelt is a small anadromous fish, spawning during spring in small
tributaries. In salt water they have never been found more than a mile or so
from the outlets of their spawning streams. Smelt occur abundantly in northern
New Brunswick, Quebec and in several areas along the west coast of Newfoundland.
They are also pregeut on the north and east eoagt of Newfoundland in modest

amounts. Trap nets, gill nets, and seines are used in the commercial fishery
during the autumn and winter. Over one-third of the total Canadian catch is taken
from the Miramichi River system in New Brunswick.

Average catches are as shown below in thousands of pounds.

Mainland Newfoundland Total
1936=-40 7740 v 349 8089
1941-45 6680 194 6874
1946-50 6498 197 6695
19561 6337 143 6480
1952 4032 55 4087
1953 6304 105 6409
1954 4523 . 34 4557

The Newfoundland cateh has declined from a peak of about 400,000 pounds in the
late 1930%s to 100,000 pounds or less to-day. Mainland catches are much larger,
but also show considerable decline. Smelt are not strong swimmers and are held
out of suitable spawning areas by small obstructions. It is susceptible to
interference with its habitat by the encroachment of civilization. Most of the
commercial catch is taken from the sarlier stages of the gpawning run in small
trapnets set near the mouths of rivers, sometimes through the ice.

Future Prospeetis

The future of the smelt fishery depends upon the practicability of manage-
ment to increase supplies, for example by increasing spawning areas, or perhaps
simply by permitting larger escapements in some places. Improved handling methods
would increase consumer demand, which would be advantageous where supplies are
good.

The present gituation is not a very optimistic one., Availability of smelis
in New Brunswick has fallen off 25 to 50 per cent during the last 25 years and
demend has also fallen off recently. In Newfoundland catches are about a third
of former levels. We cannot yet be sure of reversing the trend, but some assig-
tance may come from the cooler weather anticipated after 5 or 10 years: +this
will improve the firmness of the ice and hence fishing conditions in the Miramichi
egtuary.
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SWORTFISH - Xiphias gladius

Present stock: 50,000,000 1b, Utilization by Canada: 3,500,000 1b,

. " ¥  others: 800,000 1b,

Stock in 1980: mno change Utilization by Canada: 5,000,000 1lb,
it

® others: 2,000,000 1b.(?)

History and Presgent Status
The swordfish is a large pelagic fish. It is a summer visitor in northern
waters, where in recent years 1t has reached the southwest slope of the Grand

Bank—in numbers<—The-cateh—is taken—chiefly -by-harpoon-beats+—TheCanadian-catech——
has increased since 19%5, accompanying the increase in water temperatures Our
average yearly landings have been as follows in thousands of pounds round weight:

1936-40 1692
1941=45 2201
1946=50 2265
1951 2544
1952 3157
1953 3324
1954 4209

We now take 80 per cent or mere of the combined removals by Canada and the United
States from the common stock.

Future Prospects

) Canadian fishing grounds are at the northern end of the range of the sword-
fish, and the stocks will probably become less accessible with the water temperatures
anticipated 25 years hence. This southern shift of the centre of summer abundance
of swordfish will place United States fishermen in a better competitive position,
However improvement in Cenadian vessels and harpooning methods are likely to more

than maintain the total cateh. The stock is apparently quite large, but the 50
millicn pounds above is only a guess.



BLUEFIN TUNA = Thunnus thynnus

Present stock: large, but only ‘Ttilization: 400,000 1lb,
) partly accegsible

Stock in 1980: similar Utilization: 800,000 1lb,

History and Present Status

The tuna is a laPge roving fish of the warmer seas, and a summer visitor
to northern waters. Its life-history in the western Atlantice, and the range of
individual fish, are unknown.,

In Canada schools come close to the Nova Scotia coast at Lockeport and
elsewhere, and at times they are moderately abundant in the Newfoundland bays,
where small numbers are caught in occasional years. Average yearly catches, in
pounds round weight, have been as follows:

Mainland Newfoundland
1936-40 663,000 1937 473
194145 454,000 1940 1,553
1946-50 1,011,000 1943 608

1944 439
1951 475,000 1948 6,257
1952 667,000 1952 8,950
1953 375,000
1954 284,000

Catches about four times the above are taken off the Atlantic coast of the United
States,

Future Prospects
In order to obtain full utilization of this resource, improved fishing
practices must be developed. Eventually international regulation of catch may

become desirable, but at present stocks appear to be large in relation to util-
ization. At present Canada is taking about 20 per cent of the total catch, the
United States the remainder.

The fishery of the future will also depend on the arrangement of water
masses, Cooling of North Atlantic waters would make the fish less accessible to
Canadians, and year-to-year temperature changes will probably always make ylelds
fluctuate erratieally.

The estimate of a 800,000 pound catch in 1980 depends on the use of improved
fishing techniques which will more than compensate for a predicted lesser
accessibility of the stock. '



SHARKS OTHER THAN DOGFISH

Blue shark = Prionace glauca

Hammerhead shark - Sphyrna zygaena

Thresher shark = Alopias vulpinus

Mackerel shark = Lamna nasus

Maneater shark = Carcharodon caracharias

Basking shark = Cetorhinus maxzimus

Greenland shark - Somniosus microcephalus
Stock: unknown, moderately large Present utilization: nil

Utilization in 1980: up to 10,000,000 1lb,

Sharks are large fish, mostly summer visitors to Canadian east-coast waters.
They are often abundant on.the various banks., Lower water temperatures may reduce
availability (except of the northern Greenland shark) but major changes are not
anticipated within 25 years. At present they are not used but they represent a
substantial source of available oil and protein. Their utilization depends upon
the development of efficient methods of capturing, handling and processing.

Some gpecles, at least, can provide very palateble human food: fresh
mackerel shark tastes much like pork steak, for example., The skin of some sharks
provides a usable leather, or shagreen. Occasionally they might be taken in
gsufficient quantity to be used in a reduction industry, but at the moment that by
itself seems unlikely to justify a fishery within 25 years.

~ Qur best forecast 1s for some utilization by 1980, say up to 10 million
pounds a year, but that the stocks will not yet be fully utilized.




MINOR OR UNDEVELOPED FISH RESOURCES

Tomeod = Microgadus tomcod
Striped bass - Roccus saxatilis
Sturgeon - Acipenser sturio
Silverside - Menidia menidia
Launce -~ Ammodytes americanusg
’ Billfish - Scomberesox saurus
Ocean pout - Macrozoarces americanus
Sculpin - Myoxocephalus scorpius
Myoxocephalus octodecemspinosus
Angler -~ Lophius americ?nus K

There are a number of fishes which play parts of some local significance,
and which may in some cases allow for somewhat expanded exploitation. Other
species, now used little or not at all, are of large potential importance. The
following may be considered: ‘ ' B

Tomecod

The tomecod i1z a semi-anadromous species. It i1s no place abundant enough
to support a well-organized fishery and much of the catch is incidental to the
smelt fishery. ©Price is lower than the quality justifies and a change in national
economy may lead to the considerably expanded use which the stock could support.
However, the current trend in utilization is down. It is expected that ntilization
will not greatly change in 25 years and will remain at about 1,500,000 pounds.

Striped Bass

The striped bass occurs and hag supported a small and fluctuating commer-

cial fishery at various points along the coast: the head of the Béy of Fundy,
the outer shore of Prince Edward Island, and the Miramichi and Richibucto regions
of New Brunswick. The commercial catch hasg averaged about 20,000 pounds a year
recently. The species is anadromous, usually spawning close to the head of tide,
but sometimes ascending to lakes-=especially in the Shubenacadle system of Nova
Scotia. '

Along the Atlantic coast of the United States it is one of the most impor-
tant game fishes. The sport cateh in Canada was estimated as 14,200 fish weighing
101,500 poundg, in 1954, but a division between salt water and freshwater catch
is not availlable.

In the United States the striped basgs has fluctuated considerably in the
past, and the present abundance is probably associated with prevailing warm ocean
temperatures, at least in part. No thorough test has been made of its possible
availability to anglers in Canada, by surf casting, and potentialities may be much
greater than is at present realized.



Sturgeon

An anadromous, late maturing fish which does not react favourably to
fishing., No real increase can be expected in the current yield of some 3,000
pounds annually.

Silverside

A small fish of warm bays, locally abundant but not dependable in large
guantities as the basis for an industry. Small quantities are used as fox food.

Sand launce

Launce are abundant on the Grand Bank, but apart from occasional captures
for bait, no production is expected.

Billfish

Stocks of these pelagic fish are sporadically available in summer months,
north to the Newfoundland area in warm years., They occur in quantities large-
enough to maintain a substantial fishery if economic methods of capture could be
developed., The flesh is of good quality, and if the supply could be assured, it
ig probable that markets could be built up readily.

Trashfish: Ocean Pout, Sculpins, Angler

These species are not currently used but have had use in the "trash fishery"™
for reduction during the war. Under favourable economic conditions, this fishery

will revive and may be expected toc produce about a million pounds annually in
Canada from eachh sgpecies. The angler is marketed for food in Burope and will no
doubt eventually be used in North America.,



LOBSTER - Homarus americanus

Present stock: 73,000,000 lb. Utilization: 48,000,000 1lb,.

Stock in 1980: 67,000,000 1lb. Utilization: 48,000,000 1lb., after
having declined from =
higher level

Lobsters occur in Canadian waters from southern New Brunswick and Nova
Scotia to Newfoundland. The fishery is pursued energetically in inshore waters
with gear which is kept stabilized in design by tradition and regulation,
Growth is relatively slow, the lobsters requiring 5 to 6 years to reach legal

__size {about_ 7" tota 1_length) in the canning areas-and-7to-8yearsbto reach—

legal size f{about 9" total length) in the market lobster areas (1), Age at
maturity varies from 5 to possibly 15 years and is related to water temperatures.
Fgg laying occurs principally during the summer. The eggs are carried externally
by the mature females for a full year and hatch the following summer. The young
are pelagic and subject to surface drift and high variable mortality leading to
fluctuations in year--class strength. Movements of lobsters after they take up
life on the bottom are very limited (2).

Maritime Provinces and Quebec

Present stock: 65,000,000 1lb. Utilization: 43,000,000 lb,

Stock in 1980: 62,000,000 lb. Utilization: 45,000,000 lb.

History and Present Status

Statistics of lobster production in the Maritime Provinces and fQuehec were
not recorded systematically before 1870. After this date, as the fleet grew
and as accumulations of large old lobsters were discovered, landings rose rap-
idly to a peak of over 80 million pounds about 1890. This was. followed by-a
rather steady decline to 1918 when landings totalled 26 million pounds. During
the past 35 years landings have been fairly steady, though higher levels have
prevailed since the early 1940°'s. The 35-year average is 36 million pounds,
with a low of 27 million pounds in 1940 and a high of 48 million pounds in 1932.
The 5-year average for 1950-54 was 43 million pounds. Average yearly landings
since 1870, in millions of pounds live weight, are as follows:

Period Quantity Period Quantity Period Quantity
1870=74 19.0 1905-09 64.7 1940-44 29.2
1875-79 41,3 1910-14 53 .4 1945-49 3602
1880-84 82 .4 1915-19 40,3 1950 44,7
1885-89 79.8 1920-24 36,3 1951 45.6
1890-94 82 .9 1925-29 33,9 1952 44,1
1895-99 73 .2 1930-34 41 .2 1953 41,9
1900-04 67.7 1935-39 30.8 1954 4l.2

The lobster fishery is intensive. On the basis of extensive taggings con-
ducted since 1942, it is estimated that approximately 2/3 of the legal-sized



stock is taken annually. This indicates a present average stock of legal-sized
lobsters of ebout 65 million pounds.

Future Progpects

Recent increased landings are related to higher water temperatures. If
temperatures decline to the level of the early 1940°'s, catches may decline to
35 million pounds. However more intensive management based on better knowledge
of local stocks might increase this by as much as 30 per cent. This would raise
the 1980 estimate to about 45 million pounds. Production during a warm-water
period might reach 54 million pounds, and this can be expected if the cooler
temperatures fail to appear.

Newfoundland
Present stock: 8,000,000 1lb. Utilization: 5,000,000 1lb.
Stock in 1980: 5,000,000 1b, Utilization: 3,000,000 1b,

History and Pregent Status

The lobster population appears to be well utilized all round the Newfoundland
coast and no major unutlilized populations are likely to exist. Statistics since
1910 are as follows, in thousands of pounds live weight:

1911-15 4059
1916<20 2057
1921-24 1490
1925-27 Close Season
1928=30 3263
1931-35 2041
1936=40 3395
1941-45 2116
1946-50 4387
1951 4330
1952 3709
1953 4537
1954 5243

One tagging study in St. Georges Bay in 1938-39 gave approximately a
60 per cent yearly fishing mortality in lobsters of commercial size, and 1t
has remained at least as great. Hence the present stock is estimated as 5/0.6
= 8 million pounds, approximately.

The abundance of lobsters is likely to depend chiefly on temperature.
Recent landings have been increasing during the present warmer part of the
climatic cyele, since 1943,



Puture Prospects

) Since a good deal of the Newfoundland area is low or intermediate in
temperature in relation to survival of lobster young, increasing temperatures
would be expected to increase the population and catch and decreasing temper-=
atures to decrease it. Accordingly, the predicted cooler ocean temperatures
by 1980 should, if they occur, decrease lobster supplies and production,
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OTHER CRUSTACEANS

Rock crabs = Cancer irroratus; C. borealis
Shrimps and prawns - Pandalus spp., etc.

Rock Crabs

These support a fishery in the New England States that during recent years
has produced from 1,200,000 to 3,700,000 pounds. These crabs are virtually unused

@t present—in-Canada.— Very-little-is-known-about-this Canadian regouree-but-the — v

crabs are known to be widespread north to Newfoundland, and abundant in certain
areas, J1f the demand for chilled crab meat continues to grow, our more extensive
coastline might support a erab fishery of up to 10,000,000 pounds. ‘

Shrimps and Prawns (Several genera and species)

About 30 species of shrimps and prawns are known to occur on the Atlantic
coast., None of these are as yet exploited commercially although some of the
species are fished commercilally in other countries. Pandalug borealis occurs at
gizes that are commercially acceptable, and 1s widespread in both Subarea 3 and
Subarea 4. Landings of this species reached a peak of 1/2 million pounds in
Main%in 1945, Iandings of related species in britisn Columbia totalled 1 1/4
miliion pounds in 1952, Much greater landings of related species are made in

northern Eyrope.

Limited exploration has not yet revealed populations of shrimp sufficiently
concentrated to provide profitable fishing at present prices. If the demand for
shrimp were to increase it seems probable that a million pounds tould be caught

annually on the Atlantic coast.




OYSTER - Crassogtrea virginica

Present stock: 10,000,000 lb. Utilizations: 5,000,000 1b,
Stoeck in 1980: 50,000,000 ib. Utilization: 25,000,000 lbo
{The above weights include the ghell.)
History and Present Status
This oyster thrives in warm bays of reduced salinity, from low water to 30

4. depth from Mexico o northern New Brunswick., In Canada it thrives only in
the southern part of the Gulf of S%. Lawrence and in the Bras 4'0r Lakes. The

young are ires swimming for some three weeks during which they are stubject to
nany sources of mortality. Others are lost when they settle to the bottom in
unfavourable locations. If they settle on good bottom they are relatively safe,
but they can be siited over and smothered, crushed by ice, killed by starfish,
attacked by disease or riddled by a boring sponge. Survivors reach a marketable .
size of 3 inches in 4 to 6 years.

Qyster production comes from unleased publie fisheries, and from cultivated
leaged grounds. On the leases, suitable material for settling is put in likely
places and the young oysters are protected from many of the hazards afflicting
them after settling.

Production has fluctuated, reflecting climatic factors and_ perhaps the
ingidence of diseass, bubt a meap annual yield of 17 million oysters can be expected
of which New Brunswick produces about 10 million, Prince Bdward Island 5 milliqn,
and Nova Scotia 2 million. The above 17 million oysters weigh about 5 million
pounds, in the shell. Average yearly production has been as follows:

1936=40 4048
1941=-40 2976
A1946-50 9880
19581 ' 6885
1952 7542
1953 7177
1954 4882

In the Maritime provinces as a whole, production to-day is divided about
equally between the public Ffisheries and the leassholds. ‘The former exploit the
wild populations which flourish without the intervention of culture practices
and which are in the public domain. No exact measure of the exploitation rate
has been attempted, but it is believed to bse about 50 per cent of the commercial-
gized stock available sach year.

For some vears most Maritime oysters have been shipped to Montreal in the
fall, where they are held in cold air storage in the shell for consumption on the
half-shell during the winter months., In the United Kingdom, Holland and France
oysters are also largely consumed in the half-shell trade. This is in sharp
contrast to the practice id the United States, where most oysters are shucked
{taken out of the shells) at the coast and shipped from there in refrigerated
cang., The reason for the difference is economic., The United States produces so
many oysters (more than one hundred times as many as Canada) that she can more
than saturate the market in her coastal cities. ©She hasg therefore reached out to



the markets in her great inland cities, but in order to reach them economically,
she cannot afford transport charges on the heavy shells, Eastern Canada, on
the obher hand, is just now saturating Montreal with oysters in the shell, by
shipping almost her entire production thers,

Future Proapeets _
Canadian Atlantic oysters are of high quality and more of them can be
produced by present techniques. Many times more could be produced if certain
key problems in theilr production c2ould be solved. Because oyster fishing and
oyster farming are part-time occupations and because the present market will
not accept substantially larger quantities, the techniques of oyster farming
now available are not very diligently practised in most cases. Besides this,
the oyster fishery on both public and leased grounds suffers from a shortege

of seed stock. Sets of oyster larvas of commercial gignificance do not occur
every year partly because of adverse water temperatures. This automatically
limits the public fisheries to a low and fluctuating value., It also seriously
hampers the oyster farmer, who must catch and culture the wild seed. He gets
it eilther at the time it sets by using artificial collectors, or a few seasons
later by gathering small oysters from inshore water where they have settled

on natural objects. DBoth methods are simple in principle, but failures of
sets of commercial importance, especially on artificeial collectors, are costly
and discouraging. Mainly for this reason, the leaseholds are producing at
roughly one-tenth of their capacity given sufficient seed.

Frospeets that seed supply will become adequate within the next ten years
are reasonably good. The expected trend of water temperatures would favour
this development and at the same time favour increased production from the
public beds. A reasonable prediction of landings 25 years hence would therefore
be 75 millicn oysters (25 million pounds in the shell).

. Marketing the larger production will probably involve a partial shift to
local shucking before shipment, as in the United States.

Introduction of the Buropean flat oyster, Ostrea edulis, may permit
expaﬂsiou of the industry northward. However n¢ allowance for this is included
in our estimate of 1980 production,

Referencs

(1) Needler, A.W.H. 1941, Oyster farming in Eastern Canada. Bull., Fish.
Res. Bd. Canada, No. 60, 83 pp.



SCALIOP - Placopecten magellanicus

Present stock: 25,000,000 1lb. Utilization: 1,500,000 lb,
Stock in 1880: 20,000,000 lb. Utilization: 3,000,000 lb,
(The above weights are of shucked meats; the whole animal,

including shell, weighs about 9 times as much.)

History and Present Status
SBecallops have an early, free-swimming stage before settling to the bottom.
The best fishing areas are variable from place to place and from time to time.

Rotation of fishing areas is frequently desirable to agsure continued profitable
operation. This is especially true on offshore grounds,

Scallops occur from Cape Hatteras to labrador but are of commercial sig-
nificence only between Cape Cod and Newfoundland. Average yearly landings, in
thousands of pounds shucked weight, have been as follows:

Mainland landings Nfld. landings Total
1936=40 1131 12 1143
1941-45 722 9 731
1946-=50 ' 771 o8 829
1951 569 135 704
1952 1270 148 1418
1953 1607 : 179 1786

1954 1480 239 1719

Canada landed only about 0.75 million pounds annually between 1940 and
1950, about half of which was exported to the United States. But landings have
increased markedly in the past four years. The total for 1955 is likely to be
close to 2.0 million pounds. At the same time sxports have diminished. Further
increase in landings seems possible and likely, and with modern handling methods

the trend towards home consumption will probably continue.

The important inshore fishery in the Digby area of the Bay of Fundy takes
about 500,000 pounds, 10 to 15 per cent of the stock annually (1, 3). The
fishery here cannot be increased by more than half without incurring merked fluct-
uations because of year-class variation in sets., These are best in warm-water
years.

Anobther important inshore fishery is in Port au Port Bay, Newfoundland, from
which in 1954, 240,000 pounds were landed in Newfoundland and a large amount also
on the mainland.

The offshore fishery is of recent development in Canada. It is mainly
based on newly established grounds (St. Fierre bank especially) although recently
about a third of its landings were from established grounds in Subarea 5 (Georges
Bank). Its continued prosperity at the present level will depend upon further
exploration, since the bulk of the catch of the last year or two represents the
rich initial harvest from the new areas rather than their possible sustained
yvield,



These offshore grounds are accessible to other nations also, and may
eventually need international management,

Future Prospeects
Some increase in production may arise from fuller exploitation of the New-
foundland inshore grounds, and from discovery of new offshore grounds. We

believe that the sustained product of offshore banks is likely to exceed the
Digby production.

A development which could increase the weight of scallops marketed would
be the utilization of the gonad for food in America: elsewhere it is regarded
as a delicacy.

Best prediction of 1980 Canadian production is twice the 1951<54 level,
or 3 million pounds shucked weight--not including gonads.
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SOFT-SHELLED CLAM - Mya arenaria

Present stock: 17,000,000 1lb, Utilization: 7,000,000 1be "
Stock in 1980: 15,000,000 1ib, Utilizations 5,000,000 1b.
(The above weights include the shelld)
Higtory and Presgent Status '
" The soft-shelled clam is found ¥hroughout the Maritime Provinces, and to

a limited extent in Quebec and western Newfoundland. The distribution of colonies
that are large enough and compact encough to reward commercial exploitation is

discontinuous. They depend on sultable soil conditions and other incompletely
understood envirommental factors. Most of the important colonies are readily
ascessible in the intertidal zone or close to it (not more than 1 fathom at low
tide ). The individuals grow slowly, reaching marketable size only after 4 to 6
years., Mortality rates are high, about 50 per cent per annum, from predators
and from being buried in digging operations.

;Average annual catch is shown below, in thousands of pounds (in the shell):

Catich
1936-40 7926
194145 10650
1946-50 17294
1951 15949
1952 11977
1953 9493
1954 7540

The soft-shelled clam to-day comes second among cur commercially valuable
mollusks, the 1954 yield being valued at $4009OOOP‘ From 1949 to 1951 inclusive
it had been in first place, total landings reaching 23,000,000 pounds valued

at $543,000 in 1950. This change was brought about by the sudden popularity of
fried clams on menus in northeastern United States and decreases in supplies
from beds in that region. Production had previcusly depended on demand but since
1940 i% has depended on supply. The sudden increase in production reflects the
expansicn of the industry to make use of all available stocks. The expanded
fishery harvested the heavy accumulated stocks, and yields are now approaching
what appears to be steady production level of about 5,000,000 pounds a year.

Clam digging is a valusble supplement to many incomes iu the Maritime
Provinces. ¥Few people have clam digging as thelr main source of income.

Puture Prospects

It seems unlikely that future production of our clam beds will differ greatly
from the stable level now being approached. The expected cooling of the coastal
waters in the next 25 years seems likely to have little direct effect on the level
of production. It may, however, tend to reduce the abundance of the green crab,
which very recently invaded the Fundy area and is now considered to be the chief
clam predator.




Pollution of coastal waters by domestic sewage seems to be increasing slowly,
and this tends to restrict the fishery. Methods of combating this have been
devised, but they are costly and seem unlikely to offset the effects of increased
pollution except in a few areas., Pollution by industrial wastes 1s of limited
extent,




QUAHAUG or CHERRYSTONE CIAM - Mercenaria (Venus) mercenaria

i

Present stock: 13,000,000 1lb. Utilization: 3,300,000 lb.

Stoeck in 1880: 13,000,000 lb, Utilization: 5,000,000 1lb.
{The above weights include the shell.)

History and Present Status

‘ The quehaug or hard-shelled clam is at the northern end of its range in
Canada. There iz some evidence that the critical spawning temperature for this

waters and then only in the shallower parts of highly sheltered inlets in the
gouthern Gulf of St. Lawrence with wide sun-warmed intertidal flats. Consequently
this bivalve is found in large populations in only a few areas, the principal

ones being the Neguac region of Miramichi Bay, N.B., and the Panmure Island area
of Prince Edward Island. It seems to flourish very well in both these areas, and
in other bays there are small populations contrlbutlng to local demands rather
than to a larger market.

While the entire take of this speecies is gtill small, it has increased
markedly in recent years. The following table shows the catch in thousands of
pounds, in shell:

1948 140
1949 664
1950 690
1951 1035
1952 2616 -
19563 4669
1954 3457

The landed value of the catch in 1953 was $193,000 and in 1954 it was $134,000,
or about 4 cents per pound. The quahaugs shipped are not uniform in size, but the
number marketed was of the order of 20 million in 1953 and 17 million in 1954,

Because almost no data on natural mortality are available, only guesses can
be made of total stocks. The expleoitation rate is equally vague. It is judged to
be in the neighbourhood of 25 per cent of the standing crop of marketable-sized
animals (2 inches in length) and this latter is probably of the order of 50 to 75
million.

About five years age a strong demand from the United States arose for small
quahaugs for consumption on the half-shell. Concurrently the minimum size limit
for this species was lowered from 2 1/4 inches to 2 inches and the seasonal fish-
ing closure was abolished. The take increased several fold, and has been maintained

to date.

Future Prospects

Methods of farming quahaugs have been successful in Maine, where conditions
are not unlike our own. 8Seed stocks are moved from crowded areas where survival
and growth are poor to good maturing grounds. We might profitably imitate this
practice at certain times and places, perhaps using a mechanical digger to collect
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the seed. However, operations are likely to be limited because they must depend
on natural geed preduction which occurs only in a few areas, and sporadically
even there. The anticipated trends in the temperatures of coastal waters suggest
that econditions now and in the next five years will prove te be the best we have
experienced for at least 30 Yyears.

It is difficult to predict the course of the fishery in the next 25 years.
It has increased 500 per cent in the last 5 years. Presumably this rise will
continue at a lower rate for the next 15 years (say), after which a decline may
set in asg a result of falling btemperatures.

Reference

(1) Kerswill, C. J. 1941, The growth of quahaugs in Cenada. Fish, Res. Bd.
of Canada, Atlantic Prog. Rept., No. 30, pp. 3=5,
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OTHER ' MOLLUSCS

Bar clams Spisula solidissima
Razor clams = HEngis directus
Mussels Mytilus edulis
Periwinkles - Littorina littorea

0

Bar Clam

A widely distributed clam nowhere abundant enough to encourage intense
exploitation. The production in 1954 was 572,000 pounds (in the shell), Demand,

rather than supply, seems to limit fishing actively, but with increasing demand
supply will restrict production to soms 2,000,000 pounds. Growth is slow in
Canada and the species does not lend itself to culture.

Reference .
(1) Medcof, J.C. and J.S. MacPhail. 1955, Survey of bar clam resources of the
Maritime provinces. Bull. Fish. Res. Bd. Canada, No., 102, 6 pp.

Razor Clam

The only known colony large enough to encourage commercial exploitation is
at the head of St. Mary Bay, N.S. There is no reason to anticipate a change
in current production of 25,000 pounds annually.

Mussels

Mussels are common throughout our region and probably represent the greatest

source of mollusk flesh that is readily available on our coast. Little is known
about the species in our region and it is little used. In 1954 only 180,000
pounds (in shell) valued at $2,500 were packed in the Maritime Provinces, and
small quantities have been packed in Newfoundland at times. Production is limited
entirely by demand, |

If public taste for the species could be cultivated there seems to be nothing
to prevent it becoming our most valuable commercial mollusk, worth several million
dollars annually., In several European countries the same species 1sg regularly
used and supports a major industry.

The chances for modifying the food habits of our people or of developing an
export market to countries where it is relished in the next 25 years are not
bright. Our people are conservative in their tastes and mussel~eaters in other
countries already get all they want from their own supplies, which are to a
large extent cultured.

Increasing demands for protein foods may stimulate an increase in mussel
production but probably to no more than three or four times the present level by
1980,



Periwinkles

Periwinkles are widely distributed on our coast but they have been little
studied. In most places only a small percentage of the animals are large enough
to be used as food and there has been no systematic search for concentrations of
large animals., A few are known and are irregularly exploited but the volume of
. production has always been clearly limited by demand of our domestic market, not
by supply. In 1950 the Maritime Provinces marketed 2,000 pounds {(in the shell)
valued at $100., Without doubt this could be increased several thousand per cent
if local demand or an export market were to develop. Nelther of these seems

likely within the next 25 ysars.




SQUID = Illex illeceebrosus

Present stock: large, but fluctuating Utilization: 8,000,000 lb,

Stock in 1980: no change Utilization: 15,000,000 1lb,

- History and Present Status
The squid is a fluctuating resource, often very abundant and in some years
very scarce, Now used almost entirely for bait for local use and for the
Portuguese fleet, it was formerly sold in moderate amounts in the dried condition
to the Chinese market.

Subarea 4. The figures below include bait depot collections, but do not include
several million pounds used fresh by Newfoundland fishermen, in years when they
are available. Average yearly catch, on the above basgis, was as follows, in
thousands of poundsg:

Newfoundlend Mainland

{Subarea 3 plus 4R) (Subarea 4 except 4R) Total
1911=15 76 ? 76+
1916=20 239 ? 239+
1921=20 671 . 3 671+
1926<30 2524 ? 2524+
1931=30 1241 ? 1241+
1936=40 4373 451 4824
1941-45 386 165 551
194650 2597 4.04 3001
1951 2775 154 2929
1952 4915 214 5129
1953 7157 337 7494
1954 11331 165 11496

The fluctuations in the- resource-are better shown-in a year-by-year
tabulation. The years 1930-31l, 1933-34, 1941-45 and 1949 produced very few
indeed. Recent years have been rather consistently productive.

Sales to foreign fishermen have increased greatly in recent years, being
largely responsible for the peak production of 1954,

Even when squid appear in greatest abundance, they are taken in the most
primitive way, by jigger. Public sentiment and the fishermen oppose capture by
purse seine or trap. Using these gears, considerably larger catches could be
made,

There is at present no way of influencing the production of good year-
clagses of squid, though some pogsibility exists of predicting them early in
the geason from catches of small gquids on the Banks,

The principal importance of squid in Canadian economy is in relation
to the line fishery for cod. ©Squid bait is twice as productive as any other
kind, in terms of cod taken per hock or per pound of bait. In sgpite of this,
other baits are still widely used. Even if frozen capelin and frozen herring



bait cost nothing, it would still pay fishermen in the Newfoundland area to
invest 20 cents or more per pound for squid bait. The present domestic price

is about 3 cents per pound., Portuguese fishermen appreciate.the value of squid
balt and will pay several times this price. While the merit or ethics of
selling the superior bait to our competitors can be argued, the supply should
first be made as available as possible to Canadian fishermen by adequate storage
for use in poor years, and for use in the early part of every year before the
current year's supply arrives inshore.

A much legs important aspect of squid fluctuations is in respect to
pilot whales. The latter feed almost exclusively on squld, in summer at leasgt.
In year's of squid abundance the whales come close to shore and can be taken
in "drives" in large numbers. Without squid, they are much scarcer inshore,

Future Prospects

Whatever the causes of fluctuation in squid from year to year, they do
not seem to follow any known temperature trends so there is no basis for pre-
dicting a general increase or decrease in supply in years ahead. Presumably
fluctuations will continue, though there is some chance that greater utilization
would le ssen the degree and/or frequency of failures.

We estimate that the average quantities taken can at least be doubled.
This implies the relaxation of present prejudice against use of efficient gear
for capturing them. With proper facilities, mearly all the take could be used
by Canadian fishermen, to the very great henefit of our long-lining industry.

Considerable use of squids for human food may also develop, considering
their popularity in many countries.

Qur best prediction is for about twice the present total landings in 1980,

=2 =



BATTWORMS

Bloodworm -~ Glycera dibranchiata
Sandworm - Neanthes {or Nereis) virens

Present stock: more than 30,000,000 Utilization: 4,000,000 pieces
pileces
Steck in 1980: no change Utilization: 18,000,000 pieces

Higtory and Present Status

This is a small fishery which began in Canada in 1952. In 1954 a total of
about 4 million worms was landed, worth about $40,000 to the diggers. The blood-
worm is btaken Trom muddy flats of Yarmouth County, N.S., while the sandworm is
harvested from sandy flats of Charlotte County, N.B. Over 90 per cent of the
total landing consists regularly of bloodworms.

The worms are dug with forks resembling c¢lam hacks and sold by count to
dealers who pack them in a particular species of seaweed (Ascophyllum Mackaii )
and ghip them alive by air to the eastern United States. There they are sold
as bait to salt-water sports fishermen. Digging in Canada 1s at present con-
fined to the above two areas partly because of their convenient air transport.
However, these flats also support the best baitworm populations found on our
coast to date. Demand rather than supply limits the operations.

Future Prosgpects

In Yarmouth County, N.S., the most intensively dug of our flats, the rate of
exploitation is relatively light--about 15 per cent. This could be much increased
without danger to the stocks for several reasons. The bulk of the intertidal
population appears toc spawn as three-year-olds and all bloodworms die after
spawning. The industry takes only sexually immature worms 3 to 4 years old that
for some reason fail to spawn as early as the bulk of the population. Furthermore,
there appear to be extensive deep-water pcopulations which provide a sort of reserve
spawning stock for the exploited beach,

Slow expansion of the fishery towards the economic maximum exploitation
rate, possibly 60 to 70 per cent utilization per year, seems likely as human
populations and their demand for bait for leisure-time fishing increase. With
higher demand and rising prices some new areag may be brought into production,

We forecast that in 25 years the industry will be producing at four or five times
its present volume and that financial returns will be proportionately higher.

Reference

(1) MacPhail, J, S, 1954. Marine baitworms--a new Maritime industry. Fish.
Res. Bd. Canada, Atlantic Prog. Rept., No. 58, pp. 11-16.



HARP SEAL - Phoca groenlandica

(1) Newfoundland-Labrador Area (the "Front")

Present stoeck: 2,070,000 Ttilization by Canada: 7790007pups
{including pups) 10,000 older

' u " others: 95,000 pups
35,000 older

Total Utilizaetion: 172,000 pups
45,000 older

Stock in 1980: 3,000,000 Utilization by Canada: 150,000 pups

" *—pthers:—150,000-pups

{(2) Gulf of St. Lawrence Area

Present stock: 1,200,000 Utilization by Canada: 70,000 pups
{inecluding pups)

Stock. in 1980: 1,200,000 Utilization by Canada: 100,000 pups

History and Present Status

The harp seal is a rather large animal of the north Atlantic and adjacent
Arctic oceans. It lives to be more than 20 years old; males mature first at
about 8 years of age, females at 5=8 years. It is strongly migratory and
occupies the southern area of pack ice to breed, moving northward to occupy
high Arctic areas of open water during the summer and autumn--mostly in Davis
Strait and Baffin Bay. The east coast of Labrador and Newfoundland, and the
Gulf of St. Lawrence form the early spring breeding areas of the harp seal in
the west Atlantic region.,

The white=coated pups bors on the ice form the basis of an international
commercial industry. For over 200 years there has been commereial hunting of
harp seals in-the northwest Atlantic. -Before world war II almost 90 per. cent
of the catch was of pups. Now, many older seals are taken as well, constitut-
ing in some years up to 40 per cent of the cateh by number. The increase in
kill of older seals has coincided with the appearance after world war II of a
Norwegian fleet of sealing vessels, which have not been able to regain from
Russia their former sealing concessions in the White Sea., There is also some
‘utilization, probably small, of harp seals in the Arctic by the Eskimos of
Canada and Greenland.

The total kill by ships east of Labrador and Newfoundland has dwindled
from half a million annually in the middle 1800's to about 220,000 in recent
years (Table A). There has almost certainly been some reduction of the popula=
tion. The average annual catch since 1949 is 165,000 pups, 59,000 older seals.
In the 30 years previous to world war II;, the average annual catch was 134,000
pups and 25,000 older seals, and at that lower level of catch the population
showed no indication of increasing. Not only is the pup kill now greater, but
also the kill of older seals has more than doubled, owing to inability of ships
to lcad up on pups.



Table A. Average take of harp seals on the "Front*, by New-
foundland, Canada and Norway.

Year Country Pups Immatures Adults Totals
1901-05 Newfoundland 236,407 10,594 6,220 253,221
1906-10 " 247,923 13,395 7,950 269,268
1911=15 " 177,122 7,994 7,499 192,615
1916=20 " 125,348 3,214 1,739 130,301
1921-25 w 73,328 15,525 3,895 92,748
1926-30 " 180,573 16,030 10,162 206,765
1931-35 " 104,950 20,392 7,452 132,794
1936-40 " 126,233 14,273 4,982 155,488
1941=452 " 6,847 4,666 1,290 12,803
1946-50" Nfld., & Canada 60,625 21,663 11,892 94,180
1951 Canada 169,000 25,992 25,546 220,538
1952 " 67,621 6,731 10,510 85,483
1953 " 85,358 4,282 5,413 95,053
1954 # ? ? ? ?
1955 " 68,895  6,000¢  5,200° 80,100°

Adults and

immatures
1938 Norway 16,130 134 16,264
1939 " 24,898 6,495 31,393
194650 " 28,432 10,040 38,472
1951 " 72,240 61,764 134,004
1952 " 76,524 53,513 130,037
1953 n 65,825 48,645 114,470
1954 " ? ? ? s
1955 " 124,600° 20,500°% 145,100

%No sealing in 1943.
bSealing began from Nova Scotia as well as Newfoundland.
€Rounded figures,



In the Gulf of St. lawrence, where variable ice conditions make sealing
more difficult, about 70,000 are taken each year, almost all pups.

Nothing definite ig known of the absolute size of the seal stocks previous
to 1950, Since then, aerial photographic surveys (4] combined with studies of
age compositions of catches and of the stock (2) indicate a total stock of about
3,270,000 in the northwest Atlantic--2,070,000 belonging on the Front and
1,200,000 in the Gulf of St. lawrence. The annual pup production is about
450,000 on the Front and 215,000 in the Guif. '

The present value of the international industry is about $575,000 for fur,
and $2,300,000 for oil, leather and other by=products. Of this, Canada's share
is about $363%,000 and $1,450,000 respectively. The pup is the most valuable
gource of all products, and in spite of an increased kill of older seals since

—ph b

1945, the industry still stands or falls on its take of pups.

Future Prospects

‘ Among Canadian fisheries, the sealing industry is unlikely to occupy more
than a modest place, but a great deal can be done to stabilize the industry and
increass its value by concentrating upon the quality of the products rather than
the quantity, and by protecting the maturing and hreeding stock. A sustained
ki1l of young seals as large as the present kill probably is not possible other-
wise.

The most immediate need is for protection of the breeding stock. Mogt of
the shooting of older seals takes place during April and May after the whelping
and mating season, when they haul out on the ise pack to moult. MNMature females
do not join them to any extent until the end of April, when they already have
begun to produce the following year’s pups. A closing date of April 30 for
hunting by vessels would provide some protection for breeding females, but
April 15 would be better. AL present there are no formal laws governing the
hunting season and kill, although there is informal agreement on opening dates,
If practically complets protection {e.g., no hunting of old seals after April 15)
were given to maturing and breeding stock, the production of young seals, under
the present order of kill, should gradually build up, probably to a yield of
over 300,000, Once the breseding stock is seriously down, however, it would take
many years to reecover,

Our best prediction for 1980 catch implies international agreement concern-
ing the "Front" stock, to reduce or eliminate killing of seals on the ice,
othsr than pups, and if necessary a cateh quota to permit recovery of the breed-
ing gtock to a somewhat higher level. On that basis the total kill should riss
to 300,000 pups by 1980, and might go higher later. In the immediate fuburs,
however, it will decrease somewhat .

The Gulf of St. Lawrence stock can probably support a somewhat larger kill
of pups, and 100,000 a year is predicted for 1980,
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HOODED SEAL - Cystophora crigtata

Present stock: small Utilization by Canada: 1500 pups
600 adults
w " others: 3200 pups
1300 adults
Stock in 1980: larger, if protection Utilization by Canada: 5000 pups
is given meanwhile " ®  others: 5000 pups

Hooded seals breed in small numbers roughly in the same area and at the same

time as harp seals, though they rarely enter the Gulf of 8%, LaWwrence. Larger
breeding concentrations must oceur in places farther to the north, but their

exact location is as yet unknown., While only a few thousand are taken each year

now in the west Atlantic (Table A), the pup is worth probably twice as much .-as

that of the harp seal, because of a finer quality of pelt. The catch has fallen
roughly from about 10,000-20,000 per year in the early 1900%s to 4,000-5,000 now.
The principal reason is that the parents, because they defend the young vigorously
are frequently killed along with the pups (although their skins are of little value),
thus drastically reducing the breeding stocks, : '

Hooded seals are also taken in the Arctic in small numbers.

Future Prospects :

If hooded seals were completely protected from hunting by vessels, their
population would gradually build up, probably to furnish & sustained yield of
10,000-20,000 pups per year--provided a way were found to take the pups without
killing the parents. It would take at least 10 years to build up the breeding
population under complete protection. '

For ocur best prediction we use the lower figure of 10,000 pups, but to
achieve even this will require a change in methods of teking this species, or pre=
ferably a closed season, in the very near future.




Table A, Take of hooded seals on the "Front", by Newfoundland,
S Canada and Norway,

.
1

Year Country Pups Adults Totals
1901=05 Newfoundland 19,418 6,952 26,370
1906=10 w 7,898 3,014 11,412
1911-15 " 9,885 4,181 14,066
1916-20 " 6,260 4,287 10,547
1921=r5 w 1,986 716 2,702
1926-30 " 4,418 6,187 10,605
1931-35 " 615 380 995
1936=40" * 50— 67—
1941-45 w 274 44 al8
1946-50 Nfld, & Canada 2,729 2,153 4,882
1951 Canada 2,702 963 5,665
19562 " 310 734 383
1953 - 1,786 929 2,715
1954 " 849 76 925
1955 " 1,167 336 1,500
1938 Norway 23 21 44
1939 " 1,770 22 1,792
1946=50 " 166 29 195
1951 n 6,574 1,653 8,227
1952 w 712 56 768
1953 " 2,412 1,189 3,601
1954 " ? ? ?
1955 w 3,907 1,500 5,407%

@approximate




TARGE WHALES

Finback whale - Balaencptera physalus
Blue whale Sibbaldus musculus
Humpback whale = Megaptera novaeangliae
Sei whale Balaenoptera borealis
Sperm whale - Physeter catodon

i

B

H

History and Present Status
Records of whale catches in Newfoundland and Labrador begin just before

the turn of the century. About 71 per year were taken in 1895=99, followed by
***************************** 595 per-year in 1900=05, 544 per year in 1905=09, and 280 per year in 1910=14, Later

records are fragmeuvary, but an almost compiete set or rigures from 1940 is ‘

shown in Table A. During this time whaling was conducted from two Newfoundland

ports: Williamsport on the island, and Hawke®’s Harbour on the southern labrador

coast., The largest single year's catch of the recent period was 760 whales in

1948. The products obtained from 574 whales in 1951 included 886,000 gallons of

oil, 32,300 gallons of sperm oil, and 4,100,000 pounds of meat meal. Taking of

large whales on our Atlantic coast was discontinued in 1952, for economic reasons.

Table A. Number of large whales taken and landed in
Newfoundland and lLabrador, 1940=55.

Year Fin Blue Hump Sel Sperm Totals
1940 64 1 oo 7 6 78
T 1941 63 2 3 2 oo 70
1942 62 4 1 4 o 71
1943 ? 1 ? ? ? 152
1944 23L 5] 10 1 17 264
1945 246 11 9 5 22 393
1946 502 11 5 oo il D529
1947 414 14 6 4 17 455
1948 672 57 14 4 14 760
1949 425 30 11 23 53 b42
1950 408 16 16 16 29 485
1951 478 23 27 28 18 574
1952 L oo 1 oo oo 2
1953 1 oo oo oo oo 1
1954 oo oa eo 00 oo oo
1955 -2 oo oo oo oo 2

Fin whaleg: Fin whales have always been the largest contributor to the
Newfoundland whale catch, at least in numbers. The take during the 1940°s did
not reduce their numbers, and a sustained yield of at least 400 seems quite
feasible,

Blue whales: Incomplete records show that during the early days of
Newfoundland whaling blue whales were much commoner in the catches. An dverage
of 108 per year was taken during part of the period 1905=09, as compared with
365 finbacks, 80 humpback, 1.5 sel and 3 sperm whales; and this was after an
initial reduction by several years' whaling. The larger size of blue whales
made them relatively more important tham these figures suggest. The sustained



yield from present levels of stock is probably no more than 20-25, though relief
from whaling for 15 or 20 years might increase this to 40 or 50 per year, when a
larger stock is reestablished and is fished moderately.

Humpback whales: This species to=-day probably numbers only a hundred or
two individuals in the area. The sustained yield from the present stock is no
more than 15, The larger numbers taken in early years (80 per year in 1905-09;
probably more previously) suggests that a larger sustained yield should be possible
with moderate utilization of a stock rebuilt after 20 years or so of closure.

Sel whales: This species is southern and reaches the catching area late
''''''''''''''''''''''''''''''''''' in—the season,; so——suppliss—inour waters-are probably-influenced—by-year-to-year —
temperature variations., The stock i1s probably fairly large, and a sustained yield
of 100 per year seems moderate {as compared with 28 in the last year of whaling).
However the oil yield is poor, and extensive use of this species presupposes use
of the meat in fresh or frozen form.

Sperm whales: OSperm whales entering our area are adult male wanderers from
a tropical and sub-tropical stock. Potential catch is thus difficult to estimats,
but the north Atlantic stock is apparently quite large. From 1945 to 1951 the
mean annual catch was 23,

Future Prospects

All the above comments on whales refer to those which reached the area
formerly covered by the whaling stations of Hawke's Harbour and Williamsport.
There are other stocks of the same species off the Bay of Fundy and the east
coast of Nova Bcotia which might be exploited. To what extent these stocks
intermingle with those formerly whaled off Newfoundland is not known. The
gsouthern specimens seen to-day are of very large size and seem quite fearless
of man, which suggests they may be a different group.

Interest is currently developing in whale meat as animal food. This is an
important factor in supporting the British Columbia whaling industry. Tt is
likely that, in the future, cold storage plants will be installed at Atlantic
whaling plants and the fresher meat frozen and shipped to the mainland as animal
food., About 5,000,000 pounds of meat could be recovered annually in our area,
equivalent to the entire yield from 250 whales. The present respite from whaling
will have led to some recovery of stocks and in addition will have induced the
whales to move closer inshore. Meat yields therefore for the first season or
two would be higher than estimated above, but would fall as whales were caught
at greater distances offshore.

Whaling has hitherto followed economic eycles, which have probably prevented
eneral overexploitation since 1918. The total catch at present is limited
only by the number of stations and catches licenced. Sustained yields would
require better knowledge and detalled control. Blues and humpbacks would
profit from no catch at all for quite a number of years yet, such as the bowhead
has had in the Arctic,

At present factory-ship whaling is prohibited in the north Atlantic by
international agreement. If it were legalized, much wider possibilities would
open up, especially for sperm whales. However there would also be very keen
competition from other natioms.



Reference

(L) Sergeant, D. E. 1953, Whaling in Newfoundland and Labrador waters.
Norwegian Whaling Gezette, No. 12, pp. 687-695,

= 3 =



SMALL WHALES

Minke whale = Balasenoptera acutorestrata
Pilot or pothead whale - Globicephala melasna
White whale or marsouin blane = Delphinapterus leucas

Minke Whale

Pregsent Utilization: 32 whales Utilization in 1980: 100 whales

History and Present Status

Present stocks are unknown. From 1947 to 1954 an average of £8 minke
per year has been taken by catchers from a small land station in Trinity Bay,
Newfoundland:

1947-49 (av.) 32 minke whales
1950 3
1951 55
1952 17
1953 25
1954 B8
1955 13

This is the only catch in the western North Atlantic, and the stock may therefors
be considered a virgin one.

Future Prospects

The sustained catch in waters from Nova Scotia to northern Labrador could
undoubtedly be at least in the hundreds. Expansion could, however, come only
from the development of offshore catching methods such as the Norwegians use.
Catchers cut up the whales on board or alongside, and ice down the fat and meat
in the hold. The catch is then transferred to a freezing plant and exiraction
plant on shore, directly or via a refrigerated mother ship. The latter would
scarcely be necessary on this coast with its short distances.

The meat is suitable for human food and was until 1954 sold in Newfoundland
at about 25 cents a pound wholesale. Quality was uneven, however, partly because of
differences in palatability between individual whales., Markets could scarcely
be greatly expanded unless prices of regular meats rise greatly. As animal food
the meat is excellent, but cests of production would probably be greater than for
the meat of pilot whales or (possibly) large whales, while there is no very large
0il yield. The Newfoundland Govermnment state their intention to experiment with the
catching of minke in northern labrador waters, in order to supply meat to residents
of that coast, '

Pilot or Pothead Whale

Pregent Utilization: 6400 {in 1955) Utilization in 1980: 10,000 or more

This is a small whale, not usually exceeding 24 feet long. Stocks are



unknown, but presumably large. The species 1s known to extend across the North
Atlantic from Newfoundland to the Feeroe Islands, and there may well be some
hundreds of thousands in existence. ©Statisties are as follows:

1947-49 5 {av.)
1950 172
1951 . 3100
1952 3155
1953 3584
1954 2298
1955 6412

Pothead whales are taken intermittently in drives of varying numbers, in

two bays on the east coast of Newfoundland (1), Utillization of the meat is
difficult, since either the whales must be kept alive after being driven and
killed in small numbers daily, or they must be killed and the meat removed
rapidly by a large enough number of men. Improvements have been made along the
first line by bar-seining the animals, but controlled killing has not yet been
achieved. The meat is used solely for animal food, it affords. a good substitute
for horsemeat as food for growing mink, though it has not yet been proved suit-
able for feeding to breeding stock. Its use will undoubtedly increase. It is
Likely that fuller use of the carcass could be made by grinding meat, bone and
entrails together in a hogger. Meat yield in 1955 was 1,200,000 lb. but with
full use of meat alone this would have been 3,000,000 lb., and with the whole
carcass hogged, 5,000,000 1b, Oil yield was some 650 tons. The oil from the
head and jaw has a low melting point and mekes an excellent lubrieant for fine
machinery. At present, however, this oil is wasted since the demand is very low
(about 90 gals., per year only, while the yield in 1955 would have totalled
3,000 gals,). It is understood that the United States Armed Forces use a more
costly synthetie oil, and this and similar markets might be sounded.

Reference

(L) Sergeant, D. E, 1953, The pothead whale industry of Newfoundland. Canadian
Department of Fisheries, Trade News, Vol. 5, No. 9, pp. 3=%4.

White Whale
Present Utilization: 600 (in the 1930°%s) Utilization in 1980: 1000

The white whale is found in the St. Lawrence River estuary, especially
along its north shore, the center of abundance being near the Saguenay River.
Formerly a bounty or subsidy was paid for their capture by the GQuebec Government.
The npumber on which this was paid varied between 177 and 558 in 1932-38 (1), . Some
use was made of the fat and skin, and an animal was estimated to be worth $30
about 1944,

Vladykov estimates the possible sustained yield as about 1000 animals yearly.

-2 -
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Other Small Whales

Occasional specimens of killer whale, bottlenose dolphin and common dolphin
are taken in Newfoundland, but the average i1s not much over one per year of all
three together. Fairly large stocks of these species exist along the coast, but
they cannot be teken economically by present methods.




IRISH MOSS = Chondrus cerispus

Present stock: 100,000,000 lb. Utilizaticn: 19,000,000 1lb,
Stock in 1980¢: 100,000,000 1lb. Utilization: 30,000,000 1lb,

Irish Mogs is a perennial. -Exposed parts can be cut off or break off
in stormg. They regenerate rather slowly.

Chondrug is at present harvested in Prince Edward Island and Nova Scotia.
Small quantities of the related Gigartina stellata (false Irish Moss) are also

harvegted from the Digby Nevk area of Nova Scotia. A harvest of approximately
19 million pounds of green Irish Moss yielding a usable raw material (in all
forms ) worth about $340,000 is recorded in the Fisheries Statistics for 1952,

Exploitation is at present confined to the stocks of Irish Moss on the
rocky coasts of Nova Scotia from St. Mary's Bay to Cape Breton and on the rocky
portions of the shores of Prince BEdward Island. In addition there are stocks
on the Gulf of St. Lawrence and Northumberland Strait shorss of New Brunswick
and Nova Scotila which have been exploited occagionally in the past and should
be again. Stocks may be estimated to total in the order of 100 million pounds
of which perhaps one~quarter or more might be taken annually on g’ sustained
yvield basis. '

Harvesting in Nova Scotia and gome parts of Prince Edward Island is by hand
raking. In many areas of Prince Edward Island “cast weed™, Irish Moss which comes
ashore by wave action is the only product collected. Neither of these methods is
likely to jeopardize stocks. Mechanical harvesting of this seaweed has never
been carried on extensively or successfully. Properly designed equipment might
make greater utillzation possible.

Future Prospects

Uses and demand for the extracts have continued to increase and greater
quantities of Irish Moss are likely to be required. Utilization of our stocks
might perhaps be expanded to as much as twlce the present level by more intensive
harvesting methods and by making use of areas not now regularly supplying the
product. There are many areas with lesser stocks which are at present marginal
and which are likely to remain so unless the price rises. Most of the dried raw
product goes to the United States for processing. Development of superior or
cheaper substitute chemicals might seriously weaken the demand.




OTHER SEAWEEDS

Dulse = BRhodymenia palmats.
Rockweeds = Fucus spp. and Ascophyllum sppe.
Kelps = Laminarisa spp.

Dulse

About 550,000 pounds of dulse are harvested annually from New Brunswick and
Nova Scotia and sold dry for consumption as food in Canada and the United States.
Most of the best quality dulse is now harvested as an annual crop on Grand Manan

Island. _If poorer guality dulse is included, the crop available would be several
times the total now utilized.

Since this is a specialized food product, used mainly as a confection and
with a distinctive taste of limited appeal, it is unlikely that the demand will
greatly increase. Since some plants are always left and since the species is an
annual reproducing by spores it is unlikely that serious depleticn will take
place except perhaps locally and incidentally,

Rockweeds

At present scarcely any rockweed is used camercially although vast stocks
occur on the intertidal rocky shores of the Bay of Fundy and on the outer coasts
of Nova Scotia. Of 325 miles of coastline surveyed in southwestern Nova Scotia,
140 miles held a harvestable crop of 200,000 tons. On the basis of this survey
there probably 1s a standing harvestable crop of 2 to 5 million tons over the
whole Atlantic area. Best rate of cropping of these perennial plants would have
to be determined.

Small gquantities are now used to supplement stock and poultry feeds, for
packing baitworms (Ascophyllum Mackaii) and for packing lobsters. It is probable
that as new processing methods, new extracts and new uses are found a demand may
develop for rockweed. Full usage of stocks is not likely to occur within the
period of this forecast.

Kelps

Small amounts of kelp are now being harvested from Nova Scotia and are used
ag a source of alginates required in the food, textile, pharmaceutical and other
industries. Estimates of the amount of available kelp in southwestern Nova
Scotia suggest about 1,800,000,000 pounds, with the smount fluctuating from year
to year. There are considerable areas of kelp in other locations around the
rocky Bay of Fundy and Atlantic shores. There is probably several times as much
kelp available in the additional areas. Only a few tons are used annually now,
As the demand for alginates grows more kelp may be used.

Harvesting might be mechanized; the giant Pacific kelps were harvested
mechanically during World War I. A considerable body cof knowledge is already
available to guide conservation programs but more might be needed for special
local conditions.



Economic factors will probably determine future utilization. No special
fluctuations in present stocks are anticipated although yearly variations may

oCCur.




NEW SPECIES {Atlantic Area)

All of the important commercial species in our Atlantic marine waters are
native there. The only established newcomers seem to be the brown and steelhead
trouts. The brown trout hag a limited marine distribution off the Avalon Peninsula
of Newfoundland, while rainbow trout run to sea from a few Prince Edward Island
gtreams, returning as "steelhead". Neither species 1s likely to achieve any
major status in the sport world, in competition with native trout and salmon,
although they add variety to the angling available in eastern waters. Neither is
likely to become a commercial- fish.

However, the Atlantic ocean in our latitudes is rather poor in species, as
compared with the Pacific. TFor example, instead of several commercial rockfish
species, there is only one, the redfish; there are less than half as many flatfishes:
————there g nothing resembling = Iingcod orblackcody aboveall, thereare no salmon—of —
the genus Oncorhynchug, which are of such great importance in the Pacific economy.

Of course diversity is not an end in itself: quite the contrary. From the
industrial point of view, a smaller number of kinds of objects is advantageous, up
to a point anyway, because it simplifies handling, grading and marketing. Hence
if introductions are contemplated, we should first be as certain as humanly possible
that the new arrival will fill a niche and utilize a food supply that is not now being
used by a commercial species. Of if some substitution is contemplated, the new
fish should be more valuable than the old.

Very few proposals for introductions have as yet been carefully examined
from these points of view. Those listed below have reached the stage of practical
consideration, or even trial, but these and other possibilities should be carefully
reviewed,

European flat oyster (Ostrea edulis). This is the common oyster of northern
Europe, where it lives and spawns 1n water somewhat cooler and saltier than what
our native oyster tolerates. Successful introduction might establish an oyster
industry along many parts of the coast of the Maritime Provinces,Gasp€, the Magdalen
Islands, and possibly even parts of Newfoundland., It is already living near Beothbay
Harbour, Maine. Introductions to Canadian waters might mushroom into an important
industry, particularly if care is taken to leave Eureopean oyster enemies behind.

Bay scallops. There are one or more species of large scallops which may be
suited to our warm-water bays, where the native giant scallop does not occur,

Pacific crab {Cancer magister). Just as the eastern lobster could bring a
usable product to Pacific rocky bottoms, so the western crab could become a useful
inhabitant of Atlantic sandy bottoms, which to-day lack a commercial crustacean.

Pink, chum and sockeye salmon (Oncorhynchus gorbuscha, 0. keta, O, nerka ).
The introduction of Pacific galmon to the Atlantic was a live topic for many years
up to about 1930, and transfers of eggs were made sporadically, more often in the
United States than in Canada (1). No permanent success was achieved, but very
little really systematic work has been done, ewmd-mpemc—etaid—in-Ganade~ To avoid
all possibility of competition with native salmon, pinks and chums and sockeye
should be given first consideration in any future trials. There are no salmonids




with similar life history on the Atlantic coast, and these three are, the major
commercial species of the Pacific. Since they require no freshwateri%gbdg they
would not compete with native salmon. Successful transfer could lead to new

me jor fisheries, especlally the pinks and chums., The more valuable sockeye salmon,
also, might become egtablished in a number of suitable laekes. This species also
has an advantage to sport fishing, of providing an important plankton-consuming
link in the food chain leading to trout production in lakes.
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SOCKEYE SAIMON - Oncorhynchus nerka

Present stocks: 84,000,000 1lb, Utilization by Canada: 41,000,000 lb.
w ¥ others: 16,000,000 lb,

Stocks in 1980: 304,000,000 1b. Utilization by Canasda: 122,000,000 1lb,
n " others: 87,000,000 lb.

The sockeye is the most valued of Pacific- salmons mainly because it retains
its,cplour best when canned, The landed price in recent years has been closs
to éé-cents per pound, in the round. The above production figures and future

Bach of these has its own history and its own problems, as described balow,

With one minor exception, all races of sockeye are reared in a lake for
one or more years, so a river's sockeye production depends in the first ipnstance
upon its having suitable lake nurseries. Adult sockeye move upstream in summer
or early autumn, to spawn in tributaries or outlets of a lake, or sometimes in
the lake itself. Their eggs hatch the following sgpring and the young remain
in the leke usually for ocne or two years, in British Columbia--longer farther
north. After going to spa, some return after one full growing season and part
of the next (as "jacks" ~ small fish not taken in any quantity by nets now in
use), but most remain 2 1/2 or 3 1/2 growing seasons., Apart from jacks, maturing
gockeye average about 7 pounds in weight, but vary from about 3 to 15 pounds.

At sea, sockeye have been found widely digpersed in the Gulf of Alssks,
many hundreds of miles off shore, though the movements of Canadian-born fish
have not specifically been identified. (In the western Pacific there is an
important pelagic fishery for this and for two other kinds of salmon.)

Little ocean tagging of sockeye has been done, but our southern stocks,
at least, appear to move inshore and alongshore from the northwest. As with
other salmon, "homing" of sockeye to native rivers and native tributaries hasg
been demonstrated to occur with sufficiently high incidence to make this a
fundamental basis of management policy. ’

prospects—are sums-of estimates made in-a number of individual river systems.. .. .



FRASER RIVER SOCKEYE - Oncorhynchus nerka

Pregent. stock: 42,000,000 1b, Utilization by Canada: 17,000,000 1lb.
' " " others: 16,000,000 1b.,

Stock in 1980: 250,000,000 1b. Utilization by Canada: 87,000,000 1b,
- : " " others: 87,000,000 1b.

History :

Because almost all of the catch has always been canned, reasonably reliable

statistics of production of Fraser sockeye are available for a longer period than
for_any other west=coast fishery. Both Canada and United States have taken the

catch ) ‘

Catches shown below are given in thousands of 48-1b cases, the customary
commercial unit. During 1951-54 the average number of sockeye required for a
case was almost exactly 10 (9.99): and the average round weight of one sockeye
was 6.97 pounds, practically 7. Consequently each case represented 69.6 pounds
of fresh fish, or practically 70 pounds. The number of fish per case varies
from year to year, and in earlier years. it tended to be greater than at present
(up. to about 13 per case in the old "big" years). Figures to 1936 include a
few thousand cases of sockeye caught in Johnstone Straits, part of which are
bound for the Fraser River. Figures after 1936 include sockeye taken only in
International Pacific Salmon Figheries Commission Convention waters. Data are
from (1) end {28). (There is also a small catch taken along the river by
Indians). :

.
Average catch per annum,
in thousands of cases

3 Years U.S.4, Canada Total
1895-98 176 467 643
1899-1902 543 483 1026
190306 327 324 652
1907-10 403 218 621
1911-14 580 275 855
1915-18 153 73 226
1919-22 70 45 114
1923-26 68 48 116
1927-30 156 64 220
1931-54 162 75 237
1935-58 77 134 211
1939-42 119 182 301
194%-46 97 132 230

- 1947-50 74 63 137
1951 118 134 253
1952 115 116 230
1953 . 78 176 B354
1954 501 487 988

1951-54 228 228 456



The Fraser River formerly contained the greatest sockeye salmon stocks of
any river in the world, and it is expected soon to do so again. The stock is
divided among some 20 or so lakes, about 8 of which are or have been major pro-
ducers (3). The total area of Fraser sockeye-producing lakes is about 960
square miles, as compared with about 450 square miles for all other sockeye lakes
in British Columbia.

Sockeye are the only species of salmon for which lakes are a production
bottleneck. With only one exception, all our races of sockeye live one or more
years in a lake before going to sea as smolts. A really large smolt output
from a lske in any year is accompanied by marked reduction in size of the indiv=-
idgal fish, which in turn results in poor survival in migration or in tlHe ocean
(4).

In the Fraser, almost all races of sockeye mature predominantly at age 4.
In many lakes one "eycle"™ or line, out of the four, tends to exceed all the
rest. The dominant line may be as much as 100 or 1000 times as abundant as one
or more of the other lines. Best available evidence indicates that a "big®
year actively suppresses the "off" years. There are two or three ways in
which this might occur {5). Although formerly there were hopes that all four
lines might be built up to the level of the old "big" years, this now seems
unrealistic, or at least it can be left in abeyance until its feasibility can
be demonstrated. Oonsequently all estimates and predictions here will be
based on the four-year average catch, the poor lines being averaged with the
good, in each nursery area. :

Formerly the dominant stocks occurred in the 1901 line for nearly all
lakes9 with the result that the stock and catch in this line greatly exceeded
the other three. However, since 1930 the new dominant and incipiently dom-
inant stocks in different lakes are better distributed through the four lines.

Two factors provide the key to the past history and future prospects of
the Fraser sockeye stocks. The first is the very great potential rate of
exploitation by the fishery, which could rapidly exterminate the stock but for
fishing closures. The second is the Hell's Gate slide and other obstructions
of 1913-14, '

1. The exceptional potential efficiency of the sockeye salmon fishery
reflects the value of the fish, and also the long and vulnerable migration
route which it follows, both in salt and in fresh water. Comparisons of
catches and estimated escapements during the period 1938-45 showed that for
the river as a whole, about 80 per cent of the stock was taken in the fishery,
and 20 per cent spawned. This was again true in 1951-54., Individual runs,
of course, have varied in this respect. As early as the first decade of the
century a high rate of exploitation led to reduced catches and (very probably)
overfishing of the "off" years, particularly those of the 1903 line (8). On
the other hand, limited canning facilities kept exploitation of the blg years
(1901 line) below the permissible potential at that time.

2. In 1913 the Fraser was obstructed by rock dumped in at various
places during railway construction, followed by a major slide af Hell's Gate
early in 1914 (6). A large majority of the fish ascending in 1913 and in 1914
were blocked, those which did get through were mostly males (6 out of 7 was
the estimate in two Shuswap streams), and of the females, many died unspawned
because of injury or delay in migration (7). Remedial work was carried out
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during the winter of 1914-15, and in succeeding years many fish were again
able to get upriver. However no agreement was reached between United States
and Canada for cessation of fishing in order to rehabilitate depleted spawn=
ing stocks. On the contrary, the 1917 run of the 1901 cycle, which appeared
in important (though greatly reduced) numbers, was pursued & l'outrance by
figshermen who still anticipated the customary big year, and the survivors that
season had the misfortune to encounter severe and widespread flooding and
gcouring of the spawning beds. These reverses reduced the 1901 cycle to a
status no greater than its fellows in the overall picture, though it retained
superiority, at a low level, in a number of nursery areas. Continued heavy
exploitation during the early 1920's prevented the rapid recovery of most
stocks, and a few disappeared entirely in all 4 cycles.

First to recover was the late-running Shuswap stoeck, which received the

"benefit of special autumn closures and also had favorable water levels at
Hell?s Gate. Its increase attracted attention on the spawning grounds as
‘early as 1926, and it contributed importantly to the cateh first in 1930,

The Chilko Lake stock became abundant enough %o yield some hundreds of thousands
of sockeye to the fishery first in 1929, agein in 1932 and 1933, and it has
continued strong in those lines. During the 1930's, too, there was a greater
awareness of the need for increased escapements, on both sides of the internat-
ional border, and somewhat longer weskend closures were instituted.  Though it
was promoted mainly for other reasons, the abolition of trap fishing in Puget
Sound in 1935 substantially reduced the United States fishing effort on
sbckeye for quite a number of years, and this was followed by more rapid in-
creases in a number of runs. In 1940 the catch from the Chilco run exceeded

a million fish, and in 1941 it was about 2 million. In 1942 another upriver
area. came into major production: the Fraser Lake spawners numbered 48,000,
gurvivors presumably of a stock of 200,000 or so in the fishery.

~ Meantime the International Pacific. Salmon Fisheries Commission had been
organized in 1937 and began investigations in 1938. One of its first projects
. wWas. a new survey of points of difficult passage in the river, and construction
of ‘aids to migration where desirable {1, 9). In 1945 and 1946 fishways were
opened at Hell's Gate, which substantially eased the passage there, followed
by those at Bridge River rapids in 1947 and in the Chilcotin River in 1948,

. Concurrently, the thgaawaited closed seasons were imposed in order to
increase escapement of the early and mid-season upriver runs, all of which were
still below maximum productive potential--several of them far below it. This
closure was '‘made possible by the international regulatory authority exercised
by the Commission. With up to 5 sockeye permitted to spawn where only one
had escaped before, and with no delays along the migration route, rehabilitation
of upriver runs received a tremendous impetus. Nearly all important areas now
have spawning stocks numbered in the middle hundreds of thousands, in at least
one cycle, and it might seem a short step to obtain the optimum which each
needs. However the distribution of spawners is still uneven, some runs are
not well timed in relation to temperatures on the spawning grounds, and a
majority of the formerly outstanding spawning streams are still very poorly
seeded. These include the Driftwood River (Tekla lake), Nadina River (Francois
Lake), the lower part of the Horsefly River (Quesnel Lake), Upper Adams River
(Adams Lake), the Anstey, Eagle and Salmon Rivers (Shuswap Lake), Gates Creek
and Portage Creek (Seton-Anderson system). Most or perhaps all of these must
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be restored as major spawning areas before we can take advantage of the full
productive potential of the associated lakes. At Adams Lake a new run has just
been started by transplantation where the pre-1913 one had been exterminated
in all 4 lines (12).

Since 1950 there has been mo general closure.of fishing, but various
special restrictions are designed to give particular aid to runs which are of
unusual potential importance.

Present Status of the Stock

"The enumeration and estimation of spawning stocks of Fraser sockeye is
carried out by the Salmon Commission each year, and the results published in
their_ annual Report (1). The catch is obtained from British Columbia and

Washington sources, and the sum of escapement and catch is the total stock

for the river. ThHe catch statistics include some fish bound for a few minor
rivers like Nitinat and Skagit; on the other hand, some of the sockeye caught
in Johnstone Strait are Fraser fish and are not inecluded in the total. However
the number involved in either of these categories is small.

The overall catches and rate of utilization of sockeye for the river were
as follows, in thousands of pieces:

Canadian  Canadian United States  Overall
Total  Escape- Indian commercial commercial percentage
gstock ment catch catch catch utilization
' no. no., % © no. % %
L1951 3101 598 . 78 1288 42 1137 37 8L
1952 3204 852 85 1154 36 1113 35 73
1953 5406 1274 108 1992 37 2032 38 77
1954 12108 2485 95 4722 39 4806 39 80
4-year
av. 595b 1302 92 2302 39 2272 38 78
1955 - oo o0 1104 . oo oo o0

Future Proaspects

{a) Without new types of management and without major setbacks.

"Information on the productive potential of the Fraser system comes from 1.
the present yield of areas whose runs have been partially rehebilitated, or
which were not affected by the obgtructions: and 2. the yleld and stock of pre-
Slide years.

1. Sustalned yield estimates from present stocks and catches. Since it
requires a lake to raise young sockeye, the most universal criterion of pro-
ductive potential is lake area. Table A shows, on an area basis, the stock and
average estimated catch for 1951=54, for a number of Fraser lakes which may be
producing near their natural potential: also the catch from three other British
Columbia lakes for comparison. {The catches from Fraser lakes are all based on
a catech escapement ratio of 4:l, whieh is about right for the Fraser as a whole,
but may not apply strictly in individual areas)., The largest catch from upriver
is 19,400 fish per square mile from the Shuswap lakes, but several other areas already
exceed 10,000 per square mile. The largest catch for the system, in relation
to area; is 28,000 per square mile from Cultus Lake, a small downriver lake.

The larger downriver lakes, however, are not very productive, though Lillooet
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Table A,

Areas, spawning runs and catches of sockeye from various lakes,

N

' Spawners (thousands)

-

- Catches (thousands)

- . No. per

Area 4-year sq. mile
Lake (sq. miles) 1951 1952 1953 1954 1951 1952 1953 1954 average per year
Upper Fraser region e ‘
ShusWapd 129 169 18 229 2092 oo o6 - oo 25082 19.4
Chilco 75 118 489 @ 198 37 oo oo - oo 8428  11.2
Fraser 20,7 96 41 47 143 oo oo oo oo 3278 15.8
Bowron 5 22 19 14 11 oo oo oo oo 662 13,2
Lower Fraser region .
Cultus 2.42 13 19 13 24 oo oo oo oo 692 28.4
Lillooet 12.8 40 79 53 41 oo oo oo e 2098 . 16,3°
Harrison 87 13 40 10 29 oo oo oe oo 928 1,18
Pitt 24 39 50 19 18 oo oo oo - oo 1268 5.3
Other areas
 Babine~ 172 152P 378P 715 503 484% 906% 46l® 399° 5628 3.3
Owikeno 30 oo oo o0 .o 1016 939 1522 576 1013 33.8
Long ‘7.5 ee . ea, se. . .as 439 342 367 i¢l =~ 335 44,7

8Based on a rate. of. exploitation of 80 per cent:

1951-54.

Low because of losses at the Babine River slide.

CIf Harrison and Lillooet are considered as one unit, their contribt

. 3.0 thousand per square mile.
dTneludes Little Shuswap.

.Based on.70 per cent of the total Skeena catch.

i.e., 4 times the

average spawning stock,

ation to catch averages




does rather well with about 16,000 per gquare mile (assuming all the Birkenhead
River sockeye develop in Lillooet lLake). No lake anywhere in the Fraser as yet
equals the productivity of Owikeno Lake (Rivers.Inlet) or Long Lake (Smith's
Inlet ), whiech produce catches of 34,000 and 45,000 per square mile, respectively.
Even these are not the largest productions known: for many years the average
catch from Karluk Lske, Alaska, exceeded 150,000 per square mile.

The Shuswap lakes, which have the highest productivity upriver, are the
home of the well-known "Adams River" run. However, the lower Adams River and
Little River spawning areas produce fry at the outlet of Shuswap Lake. The
analogy with conditions in Babine lake of the Skeena system shows that it is
unlikely that fry from this source can properly populate this long four-armed
lake with sockeye--particularly during the critical early-summer feeding period.
Formerly there were large sockeye spawning stocks in Seymour River and in three

streams tributary to the upper half of Shuswap Lake, hence probably a more even
distribution of fingerlings and greater overall productivity. In the upper lake,
steps to restock the Salmon River have been taken recently, and the already-
increasing Seymour River stock will soon contribute very substantially to the
Seymour arm of the lake (12). '

Lekes may differ in productivity because of differences in dissolved
nutrients. Carlander (10) and others have shown that the standing crop of fish
both in trout lakes and in warm-whter lakes, 1s in general related to the car-
bonate content (methyl orange alkalinity) of the water. A few determinations
of alkalinity, and of the closely:related total dissolved solid content, are
available for British Columbia salmon lakes {Table B). These show that
Shuswap is in no way exceptional-+in fact, rather below average for upriver.
Another possible limiting factor is spawning grounds. These tend to be scarce
or of poor gquality for the larger’ downriver lakes, but upriver lakes are mostly
well supplied. Chilko is the only lake which lacks major spawning facilities
away from strong outlet currents--hence it mlght have trouble getting its fry
well distributed. However the Chilco stock has already done quite well. Thus,
in relation to lake area, the extent of the spawning facilities currently fully
utilized by Shuswap sockeye is below the average of what is available in other
upriver systems, and is much less than the potential in Shuswap itself.

From the above 1t i1s clear that the present productivity of the Shuswap
Lakes can be used to0 estimate only a lower limit for upriver productive poten-
tial, even,though it is currently the largest producer in the upper river
region. The area of accessible upriver lakes is about 850 square miles. At
Shuswap?s 19,400 per square mile, their estimated sustained yield becomes
16,500,000 sockeye per year, as a minimum. If the upriver lakes prove as
productive as Owikeno Lake ig to-day, the average catch which they provide
would be 30,000,000 sockeye per year.

2. Sustained yield estimates from catches prior to 1917, By 1895 the
sockeye fishery of the Fraser was already well developed, and from then until
1916 it fished stocks which had not been affected by any major disaster. During
this time the number of nets and traps used was gufficient to take a large
fraction of the stock of the cycles or lines of 1902 1903 and 1904~-probably
85 per cent or more, since there were no weskend closed periods in Puget Sound
in those days, and only 36 hours a week on the Fraser (42 hours starting in
1908)., The decrease in off-year catch and catch per trap in the Puget Sound
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Table B. Total dissolved solids (in parts per million) and methyl orange
alkalinity (as ppm. of CaCOz) for British Columbia salmon lakes or
thelr outlet streams. (TIS determinations courtesy of Be C. Geme

Department ).
TDS 4 . Alkalinity |

Upper Fraser and Thompson reglon

Eagt Barriere L. 70 : =

Kamloops L, 78 oo

Little Shuswap L. 68 oo

Shuswap L, 75 ' 32

Fraser L. 100 50

Nechako R.at Prince George 122 68

Quesnel R, at Quesnel 127 62
Lowser Fraser region '

Chilliwack L, 4 g0

Cultus L. 104 78
Other watersheds

Sproat L. 32 oo

Babine L, 77 . 38

Lakelse L. 40 14

Bear L, 44 47

Qwikeno L. ‘ 19=35 16=28

fishery has been documented (8)., Mitchell {(7) comments on the decline of the
off years in the Shuswap alea, and states: "One season we did not get a single
fish on the Shuswap spawning beds that did not have.one or more (net) marks"--
a revealing statement, even if it be somewhat exaggerated. The average catch
from these three lines decteased from 650,000 cases in 1898-1900 to 400,000 in
1902-04 and to 250,000 ih 1906-08, then rose slightly to 290,000 in 1910-12.

So large a decrease suggests too heavy fishing in the off years to maintain
maximum yield, even though we do not necessarily expect sustainable yield to be
as large as the catch which can initially be taken from an unexploited stock.
Howsver the yield levelled off in the last two periods above, soc an equilibrium
may have been reached at that rather low level. Hence if we take the catch of
the last period as the potential off-year sustained yield of the Fraser, we are
beihg conservative: 290,000 cases, or about 3,500,000 fish per year. If rate
of utilization was 85 per cent, the stock present was 4,100,000 fish.

For the old big years (the 1901 line) the situation is different. The
canning facilities available up to 1913 were never sufficient to exploit this
eycle fully; as the run developed in a big year there was a glut of fish, boats
were assigned delivery quotas, and hence actual fishing effort was sharply re-
stricted. Even so, many extra fish were caught and wasted when they could not
be sold.(2). Likewise the pack statistics give no indication of full develop-
ment of this fishery; in fact the pack from this line was greatest in the last
year of its appearance: 2,400,000 cases in 1913. Hence while it seems clear
that production of this line could have been maintained at least at the 1913
level, it 1s not so easy to estimate how much higher it might have gone.
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The number of cages packed in 1913 was 8 times as great as the average of adjacent
off years. Allowance for the larger number of fish used for a case in a big

year, and for a considerable quantity of fish caught and wasted, would make the
big-year catch at least 1l times as great as an off year, more likely 13 times or
more. But to compare populations, rather than catches, we would have to allow

for a sharp reduction in actual fishing effort in a big year, and no numerical
estimate of this is available. Another line of evidence comes from the age com~
position of samples of the catches of 1913 and adjacent years. These suggest

that the 1913 population was 68 times as greét as the then off years (11), with
sampling error limits of 31 times and 200 times (for 99% confidence), Since there
is now no record of the representativeness of the sampling,-it-is-perhaps best

to use the 3l-times figure to obtain & conservative estimate of the 1913 stock,
which is 31 x 4,100,000 or 127,000,000 fish., Of these 31,000,000 or 24 per cent
were canned. ‘

Our Imaginations to-day have difficulty in picturing where 90 million of
so sockeye could have gone in the Fraser system,which now has less than 3 million
spawners in the best years. But a closer consideration makes it reasomnable enough.
. For one thing, to-day the varicus dominant populations occur in different cycles,
whereas formerly they were all in one. Dividing the old upriver contingent among
about 8 major spawning areas would give an average of 11 million spawners each.,
An estimate based on a partial count of sockeye ascending a fishway at Quesnel
Iake in 1909 was a minimum of 4 million spawners in that area, and the conditions
were such that the total could eagily have been 2 or 3 times that figures. Early
accounts of the various Shuswap runs make 20,000,000 spawners on that lake along
seem a modest estimate. Even to-day, with less than half of the Shuswap spawning
areas restored to something close to their early production, a 24 per cent fishery
in 1954 would have let 8 million spawners reach the Adams River and associated
breeding grounds.

Such large escapements in restricted areas are of course very undesirable.
But they were characteristic of nearly all areas in the earlier stages of the
fishery, when the big populations were limited only by the bad effects of their
own large numbers. Spawning streams and redds were filled to overflowing, eggs
died from oxygen lack or fungus attacks, and the net survival rate was so low that
the large spawring stock did little more than reproduce its own numbers. Something
of the sort occurred again on a small scale in 1949, when over 500,000 sockeye
crowded into four very small creeks tributary to the outlet of Takla Lake (1),
In spite of the serious ovérpopulation, these spawners produced about 280,000
adults in 1953 (57,000 spawhers plus about four times that number estimated taken
by the fishery). With a light fishery or none, therefore, a stock of 250,000~
500,000 sockeye spawning in these small streams should have been a normal occurrence.
We do not kmow, of course, whether it was congestion of the spawning grounds or
malnutrition of the large broods in the lakes which was the more important con-
trolling factor in early days: it may have been different in different places.
But either process implied a very large and very wasteful supply of adult spawners.

To return to the question of potential sustained yield from the old big years,
we musgt consider that increasing the rate of utilization might decrease the total
stock size. However the sustainable yield could scarcely be less than 60 per cent
of the estimated 1913 level of stock, which implies a catch of 76,000,000 sockeye
every fourth year. Add to this the average of 3,500,000 from each of three off
years, and the potential 4-year catch becomes 86,000,000 sockeye, or an average
catch of 21,500,000 per year. If the 68-times figure above were chosen, or if
increased exploitation did not decrease stoeck size so much, then an average catch
of up to 40,000,000 fish per year would be quite cqnceivable,

Though this evidence from early catches cénnot give a precise estimate
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of the river's potential productivity, it gives an answer in the same range
ag the one calculated from medern conditions.

There remaing the question of how quickly the river's maximum yield can
be attained. Assuming adequate overall escapements, and extra protection
for runs or parts of runs that need more rapid rebuilding or improved timing
of their arrival on the redds, most or all currently-used lakes except Adams
should have one or more major spawning streams in full production after 3 more
generations at most--that is, 12 years. The new stock in upper Adams River,
new stocks that may be established in the upper part of Shuswap Lake, and
possibly the Driftwood River and Seton-Anderson stocks may take a little
longer than 3 generations to build up to optimum numbers. However all of
these should be in full production before 1980, ‘

(b) Future catches with new management measures.

There are some possibilities for opening up new sockeye lakes on the
Fraser, as shown by areas marked in green on the Salmon Commission’s 1953
map (3). Mmbel Lake above Shuswap Lake, and Horsefly lske above Quesnel lake
are the largest. A first attempt to establish & run in Mabel ILake was made
by egg transplantation in 1954 to the Middle Shuswap River (12). The total
area of these lakes is substantial, though of course much less than that of
existing accessible lakes.

Producing sockeye lakes which have been lost by power or other develop-
ments on the Fraser include Coquitlam. and Alouette. Potential producers, to
which access might have been provided at reasonable cost, include Stave Lake
and the great upper Nechako system cut off by the Kenny dam. A cooperative
development might yet open up Stave Lake for sockeye production, but the
Nechako group is lost.

In general, the potentialities for opening new areas on the Fraser are
not very great relative to the potentialities of existing areas. Their
contribution to the estimated future catch might become one or more million
fish per annum, but would still be only a small fraction of the total,

For other types of management, see the discussion under the Skeena.
Detailed consideration of such possibilities on the Fraser is not possible
at‘this time, but they may eventually become important. Already the merits
of artificial agsistance to spawning are being re-examined in the light of
modérn salmon values (12).

{c) TFuture catches if stocks suffer serious setbacks.

Increasing industrial and agricultural ugse of Fraser River water is
likely, but with.alert supervision and cooperation from users no serious
effects from pollution are predicted--at least not within 25 years. There is

'still a potential danger to upper Fraser stocks from high temperatures, since
the damming of the Nechako, but again we anticipate that cool water will be
prov1ded as needed. f

- New dams for power are the most serious threat to Fraser sockeye. At
worst, they could reduce the production of the river to what comes from the
few lekes near sea-level: Pitt, Harrison and Cultus, which to-day yield only
about 300,000 fish per year. Intensive management could increase this but, in
effect, a great primary industry would be dead.
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Techniques available to date would not permit salmon to survive alongside
either one high dam or a series of low dams on the Fraser and its major trib-
utaries. Though the means are not available as yet (14), it is not impossible
that in say 10 years® time the problem of guiding smolts to a bypass and
taking them below a dam can be solved--at a price, of course. Prospects of
success are better on clear rivers, where visual as well as electrical guiding
would be possible(1l5),

Contrary to popular belief, the adult fish may prove the greater problem--

perhaps one which ig insoluble. This arises from the large size of the fish-
ways which would have to be provided: <fishways having a capacity considerably
greater than that of the Hell's Gate structures. - In 1954 the big Adams River
run of about two million spawners for the first time encountered water levels

up to 4 days for flsh at the peak of the run9 51mply because of crowding 1n
the limited space available {13). This much delay at one spot is not serious;
but, repeated even 2 or 3 times, it could be fatal for some runs, if it held
up the figh beyond the normal time of their sexual maturity, or of favourable
spawning temperatures. We anticipate, of course, that when the river is in
full production there will be several large bodies of sockeye, some of them
much larger than the present Adams River run, going upstream at intervals
throughout the summer. The estimate below is for an average escapement of
11,000,000 fish per year, and since some years are sure to exceed others,
provision for at least 20,000,000 sockeye spawners in a season must be made.
In addition, there are likely to be«25 000,000 or more pink salmon in odd-
numbered years, and a million or so of other species. A need to enlarge
even the Hell's Gate fishways may well arise in the near future.

The best review of the problems and costs involved is obtainable from a
preliminary survey of one scheme of power developments for the Thompson River
and the Fraser below Lytton (1%). The sum of $321,000,000 is estimated as the
initial cost of facilities for the adult fish only, on the main-stream dams
only. ZEven with this expenditure, the report indicates that sockeye would be
too much delayed to maintain the necessary high reproductive potential. No
provision was included for by-passing smolts, since the means for thig are
not yet available,

Thus there are formidable and expensive problems to be faced before
sockeye and power dams can both make use of the Fraser. We will not predict
that these problems can, or that they cannot, be solved. We do anticipate
that no major power dams will be built in the system unless it becomes pos-
sible to make completely adequate provision for sockeye salmon, and so have
made our catch forecasts on the basis of the natural productivity of the
river.

. Though it may be unduly. conservative, our forecast is that after 25
years the Fraser will on the average yleld 25,000,000 fish per year to the
fishery, or about 175,000,000 pounds. Canada's share will presumably be
half, as at present. About 24 of the 20 million will be fish reared in lakes
above Yale. On & lake area basis, this upriver cateh is about 45 percent
more than what is taken from the Shuswap Lakes to-day, but it is consgiderably
less than the yield from Owikeno Lake or Long Lake. “ '
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With the lakes and/or spawning beds near maximum utilization, reproduction
will probably become somewhat less efficient than it is to-day, so the future
rate of utilization is estimated as 70 per cent instead of the present 78; this
makes the average total stock equal to 36 million fish or 250,000,000 pounds
each year,

Any major program of artificial assistance to spawning, or other intensive
management , should substantially increase this total,
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prehensive description and documentation of events in the commercial
fishery is given by Rounsefell and Kelez (8).

(7) Mitchell, D. S. MS, 1925. A story of the Fraser River's great sockeye
runs, and their loss. (A copy is in the library of the Biological
Station, Nanaimo, B. C. Mr. Mitchell was superintendent of the
salmon hatchery at Granite Creek, Shuswap Lake).

(8) Rounséfell, G. A., and G- B. Kelez., 1935, Abundance and seasonal occur-
rence of the salmon in the Puget Sound region and the develomment
of the fishery. Bull. U.3. Bureau of Fish., 49(27): 693-823,

(9) Thompson, W F. 1945. Effects of the obstruction at Hell’s Gate on the

' sockeye salmon of the Fraser River. Int. Pac. Salmon Fish. Comm.,
Bull.No.l, 175 pp. (Later Bulletins, by Jackson, Talbot, etc.,
provide additional information. )

(10) Carlander, K., D. 1955, The standing crop of fish in lakes. J. Fish.
‘ Regs. Bd. Canada, 1l2(4): 543-570.

(11) This estimate, on pp. 8-9 of (5), comes from the ratio of 5, to 45 sockeye
in 1913 and adjacent years. The D, fish were nearly all of downriver
origin, and in the off years averaged 24 per cent in the scale
samples. In the big year 1913 there was only 0.35 per cent of 52 fish
in the sample, though the abundance of downriver fish hence presumably
of 55 fish, was about average; hence the total 1913 run can be esti-
mated as 24/0.35 or 68 times the average run of the off years.
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(12) Annual Report of the International Pacific Salmon Fisheries Commission,
for 1954, (This report discusses the present state and future pros-
pects of a number of runs.)

(13) A report on the fish facilities and fisheries problems related to the
Frasgser and Thompson River dam site invegtigations. Canada Depart-
ment of Fisheries and International Pacific Salmon Fisheries Com-
mission. 102 plus xXv pp., plus figures. 1955.

(14) Andrew, F. J., L. R. Kersey and P.C. Johnson. 1955. An‘investigation
of the problem of guiding downstream-migrant salmon at dams. Int.
Pacific Salmon Fish. Comm., Bull. No, 8, 65 pp.

(15) Brett, J. R.,. D, MacKinnon and D. F. Alderdice. 1954, Trough experiments

on guiding sockeye salmon fingerlings. Fish. Res. Bd. Canada, .
Pacific Prog. Rep., No. 99, pp. 24-27. (A report on later work
will appear in the same series.)

(l6) Clay, C. H. 1955, Downstream fish migration over dams. British
Columbia Professional Engineer, Oct., 1955, 4 pp.



SMITH INLET SOCKEYE

Present stock: 2,700,000 1b, Ttilization: 2,025,000 lb.
Stock in 1980: 2,700,000 1b, Utilization: 2,025,000 1b,
‘History

At Smith Inlet more than 95 per cent of the adult sockeye taken in the
fishery are 4- and S5-=year old fish. The proportion of two age classes varies
from year to year.

The annual packs, by 5-year averages, in 48-lb. cases, have been-asg
follows: .

Av, catch ‘ Catch
{thousands (thousands
Years of cases) Years of  cases)

1926-1930 a3 1951 49
19311935 24 1952 35
1956~1940 23 1953 30
1941-1945 14 1954 19
1946~1950 23 :

There has been no prolonged decline or increase in the Smith Inlet sockeye
catches since the fishery was first developed. A slump did occur during 1940-
1945, which may have resulted partly from lowered fishing effort during the war.
The recent catches have averaged as high, even slightly higher than in the
past.

The only significant sockeye nursery lake at Smith Inlet is Long Lake,
with an area of about 7.5 sq. miles. There are two important spawning streams.

Present Stock and Utilization

Recent catches, in pieces, are as below:
J

1951 439,100
1952 342,200
1953 367,100
1954 190,800
1955 323,700

Long Iake at Smith Inlet is the most efficient known producer of sockeye in
British Columbia--even more efficient than Owikeno. The 1951-54 average catch
was 335,000 sockeye, or 44,000 per square mile of lake, In 1955, a disastrous
year in most areas, it maintained close to an average yield.

As at Owikeno lake the fry enter the upper part of the lake and hence have
a good chance for uniform distribution throughout the lake, at an early age.
Because the Smith Inlet sockeye yield is so great - 44,000 fish per square mile
of lake - we estimate that the rate of utilization is high - about 75%.
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Future Prospects

(a) Without major improvements or disasters. Expectations for the Smith
Inlet sockeye under existing conditions of management and environment are that
present stocks and catches will be maintained.

(b) Catch with intensive management. Long Lake is producing sockeye
salmon so efficiently that it is doubtful whether any attempt to aid production
would be desirable, for fear of disturbing some existing delicate balance,

When management measures are well tested elsewhere, perhaps they could be
tried. However we do not look for increases from this source within 25 years.

(¢) Adverse factors. No major adverse changes to the natural environment

seem likely during the next 25 years.
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RIVERS INIET SOCKEYE

Present stock: 12,300,000 1b. ~ Utilization: 8,000,000 1lb.
Stoeck in 1980: 12,300,000 1b, Utilization: 8,500,000 lb,
History J

As at Skeena River, there are two major age classes of adult sockeye
(4~ and 5-year old fish) at Rivers Inlet. Rivers Inlet also, has experienced
a series of large broods of S-year old fish occurring at S5-year intervals
early in the 1910-1954 period of recorded age class composition; and a
series-of large-4-year -old broods occurring at 4-=year intervals, in the latter

part of that period. The catch fluctuations at Rivers Inlet have been very
similar to those at the Skeena but peaks or low catches in the two systems have
not usually occurred in the same year.

The annual packs by S-~year averages, in 48 lb. cases, are shown below:

Av. catch Catch
(thousands (thousands
Years of cases) Years of cases)
*1907-1910 74 1951 103
1911-1915 9% 1952 84
1916-1920 67 1953 133
1951-1925 94 1954 51
1926~1930 ' 76
1931-1935 88
1936-1940 67
1941-1945 69
1945-1950 87

* Four-year average

The history of the development of the fishery and of changes in the
fishing effort at Rivers Inlet has been similar to that of the Skeena. The
prolonged decline in catch which was experienced in the Skeena River during
1915-1935 did not occur at Rivers Inlet, and in this system, apart from annual
variation, sockeye catches have remained relatively constant during the past
40-0dd years, '

There is only a single nursery lake (Owikeno) for young sockeye at Rivers
Inlet. In the past this lake has supported a sockeye stock which, although
probably smaller than the total Bkeena stock, has provided catches of equal
magnitude. The average yield in 1951-54 was 34,000 fish per square mile. The
spawning beds at Hivers Inlet appear to be more than adequate for the number of
gockeye produced there, 8o that the capacity of the lake to feed young sockeye
is considered to be the principal factor limiting further production.

Present Stock and Utillization
- Recent River's Inlet catches, in pieces, are as follows:
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1951 1,016,600

1952 938,700
1953 1,522,300
1954 575,700
1955 582,100

Ttilization of the returning adults at Rivers Inlet is estimated as of the
order of 65 per cent. This estimate i1s partly based upon the evidence that the
Rivers Inlet system is a more efficient producer of sockeye salmon (per unit

area) than the Skeena River system, where the average proportion taken by the
fishery is about one-half. Among the featured of Owikeno Lake that contribute
to its relatively high rate of production is that it has extensive spawning
streams, which mostly flow into the upper part of the lake. When the fry enter
Owikeno JTeke they are probably quickly distributed over the lake and use its

food supplies to best advantage.
The present average level of the Rivers Inlet sockeye catch is 8,000,000 1b.

-~ 88 high as it ever has been. At an estimated rate of exploitation of 65 per-
cenit, the stock is about 12,300,000 lb, ‘

Future Prospects

() Without major improvements or disasters.

Under present conditions the Rivers Inlet catches are expected to be main-
teihed at about the same level as has existed for the past 40-odd years. There
is a possibility that slightly greater fishing effort would produce a larger
sustained yield, so the 1980 estimate 1s raised to 8,500,000 1lb., at 70 per cent
exploitation.

(b) Catch with intensive management .

Such "direct aids to sockeye production as were outlined under Skeena
River (leke fertilization and predator control, for example) might be effective
in raising production at Owikeno Lake. However the production of the laeke is
already so large that it may be better to forego dubious gains for fear of dis-
turbing the present excellent biological balance. .In any event, River's Inlet
smolts are small, so lmprovement of spawning sites or increased fry from

‘artifioial“propagation might do more harm than good. Until the various manage-
ment procedures are tested at other sites, we do not recommend their adoption
at Rivers Inlet. : ’

(¢) Adverse factors.

Present proposals for the possible utilization of Rivers Inlet waters
are such that they would be unlikely to affect production seriously since they
are not, apparently, concerned with the lake or important spawning streams.
However, information is very indefinite and useful prediction of possible
effects 1s not feasible.




SKEENA RIVER SOCKEYE

Present stock: 14,000,000 1b. : Utilization: 7,000,000 1lb,

Stoek in 1980: 25,000,000 1b, Utilization: 15,000,000 1lb.
History

"The Skeena sockeye mature mostly at 4 or 5 years of age, the proportion
varying from year to year. Freshwater life is typlcally one year. Because of
the mixture of ages in the spawning stocks, really strong overall "dominance™
of one cycle was never maintained for long on the Skeeha, as it was on the
Fraser. However the b-year-old fish had a series of big broods in 1914-19-24,

while a series of large 4-year-0ld broods occurred in 1936-52. Though lacking
the regularity or the extreme contrasts that exist on the Fraser, the Skeena
catch fluctuations are quite marked, and it is logical. to suspect that the same
causes operdte on both rivers. '

The 5-year average packs are shown below, in cases (one 48 lb., case =
about 75 1b. whole fish = about 12 sockeye).

Ay. catch Adjusted Catch
(thousands no. of (thousands
Years of cases) boats Years of cases)
1906-10 122 980 1951 62
1911-15 105 1050 1952 115
1916=20 105 1130 1953 65
192125 99 1190 1954 b6
1926-30 | 82 1250
1931-35 56 1240
1936-40 7L 1080
1941-45 62 830
1946-50 60 {(820)

Milne (2) has assembled the statistics on the number of boats fishing
the Skeena, and something on their relative efficiency. The effective effort,
shown above as an adjusted number of boats, inereased up to the late 1920's,
remained fairly high until 1935, gradually decreased to 1941, took a sudden
drop in 1942 when fishing by Japanese was suspended, and remained at this
reduced level through 1948. Since the war the fleet has been more mobile, and
comparable information is less meaningful. The period of high effort in 1915=35
was one of declining catches; while ftaking into acecount the necessary lag, the
recent decrease in boats has been followed by improved catches. {Catches in
1952 and, 1953 would have been considerably higher except for a strike and a
closure near the peak of the run.) The prima facie case for existence of
overfishing during the 1920°'s seems fairly good. The only doubt arises because
of the large fraction of the stock (about half) which is devoted to escapement
in the recent period: a possible reason for this is indicated below. There
are indications, too, of some deterioration of the watershed from logging and
fires, which have reduced the minimum flow and increased flocding in some
spawning streams.

The principal natural obstacle to salmon migration was at Moricetown Falls
on the Bulkley River, which affected the sockeye run to Nanika Lake (357 9.



200

¥
i )
150 = .
T
T T
( P
100 <
[
L W‘ r
] _ .
o0 - T [ o ™
T an
, T -
0 : :
1910 1920 1930 1940 1950

Skeena River sockeye packs, in thousands of cases.



However this lake contained only about 10 per cent of the total sockeye stock.
The difficuli{ spot was remedied by fishways constructed in 1950-51. Early in
1951 a slide occurred in the Babine River, affecting the Skeena's major
sockeye area. TFor two years, 1951 and 1952, only about a third of the arriving
fish pagsed this obstacle, and those which did were not in good condition,
especially in 1952. The slide was removed during the winter of 1952-53 (4, 5).

Present Stock and Utilization

- Recent catches of Skeena sockeye are available from Canadian statistics.
Estimates of escapement are made yearly by fence count. for the major stock,
at Babine lake., Comprehensive surveys in 1944-48 ghowed that the Babine run
was about 70 per cent of the total escapement to the watershed (6). Best
estimates are shown in Table A,

In recent years average utilization has been about. 50 per cent -= 43
per cent commerecial and 7 per cent Indilan. The stock in 1951=54 was about 12
per cent greater than in the previous 4 years, and the catch was 14 per cent
greater. However, spawning stocks suffered a gevere setback in 1951 and 1952,
when the Slide stopped about 2/3 of the Babine run and damaged many of the
survivors. The very poor cateh of 1955 was partly a result of this, but partly
also associated with the below-average sockeye (and chum) catches taken in
almost all parts of the coast from the Fraser River north. Unfavourable ocean
conditions are indicated.

Future Prosgpects

(a) Without major improvements or disasters.

The area of accessible lakes in the Skeena watershed is about 266 square
miles, of which 174 square miles is in Babine Lake (including the 2 square
miles of Nilkitkwa ). Two determinations of dissolved materials are available
(Table B, Fraser section): Iakelse is rather low in minerals, and this may
be typical of other Coast Range lakes also; however Babine Lake is comparable
to Shuswap region lakes in dissolved solids, though rather lower in alkalinity.

The only lake for which production can be estimated on an area basis is
Babine, which produced a catch of about 3,300 sockeye per square mile in 1951-54
(see table A, Fraser section). Poor distribution of spawning facilities may
be an important factor limiting production at Babine. Over half of its sockeye
today spawn in the outlet, many of them even below Nilkitkwa lLake; 8 miles
below Babine proper. There is one fair-gized stream tributary to the upper
lake, also a number of smaller creeks, However some of these are subject to
summer drought and winter freezing, particularly since a series of fires during
the early 1920%s reduced forest cover in the region. Preliminary surveys in
1955 have shown that the young sockeye are mainly concentrated in the north
arm of Babine Lake and in Nilkitkwa Lake-=which is only about 1/8 of the whole
. water area. This uneven distribution makes the lake's commsercial yield per
unit area low, in two ways: there is the loss from unused growth potential
in most of the lake, while in addition the slow fingerling growth nsar the
outlet makes for a high rate of freshwater mortality, to compensate for which
as much as 50 per cent of the adult stock must be allowed to spawn.

- 2 =



Table A. Catch, estimated escapement, and estimated total stock
of Skeena sockeye in recent years, in thousands of pieces.

Total ‘ Indian Commercial Total
Year stock Escapement catch . catch utilization
no. z y
1944 1524 620 90 814 5% 59
1945 2798 1400 150 1248 45 50
1946 1390 680 75 635 46 51
1947 1150 690 70 390 34 40
1948 2562 1200 150 1212 47 53
1949 1509 700 110 699 . 46 54
1950 1391 750 110 531 38 46
1951 1406 6352 80 691 49 55
1952 2894 14602 140 1294 45 50
1953 1764 995 100 659 37 43
1954 1361 700 90 572 42 49
1955 Tncludes oo oo oa 157 oo .

8R%em losses at the Babine Slides 819,000 in 1951, 700,000 in 1952,

The unfortunate history of a greater rate of utilization in the past makes
it unlikely that more intensive fishing, by itself, would have a long-term
beneficial effeet on the Skeena. (Increased fishing will always increase yield
temporarily, of course.) "Normal"™ management may take the course of favouring
egcapement of the earlier runs, which spawn in the upper part of Babine lake,
However it is difficult to predjct how successful this can be, or how much
benefit it will confer. :

In the immediate future, there will be some decline in Skeena production
because of effects of the Slide in 1955, 1956 and 1957 (5;3)o However these
effects should be overcome in the next two eycles, and by 1980 the lake should
have reached its natural maximum production.

Apart from Babine Lake, it may prove possible to distribute spawners more
advantageously throughout the Skeena watershed by manipulation’ of times of
fishing or, possibly, sizes of nets used. However results of earlier tagging
suggest that most stocks are fairly well represented throughout the fishery,
80 this approaﬂh may not prove prantlcalo

(b) Catch with intensive management . :

Three general types of direct aid to sockeye productlon have been con-
sidered for the Skeena: fertilization of lakes, predator control, and
artificial propagation.

1., The dense concentration of young sockeye in the upper arm of Babine
Lake and in Nilkitkwa lake suggests possibilities of fertilization to increase
their growth and survival. Fertilization for increasing sockeye production
has been tried, so far, only in Bare lake, a small lake on Kodiak Island,
where results seem promising {7). Any application to Babine or any other



Skeena lake would be on an experimental basis at first, and success cannct be
predicted. FPotentially, it might possibly double smolt production, which would
triple the permissible catch (since increased escapement would not be necessary )
Any practical major program would doubtless involve large continuing expendit-
ures, but the expense is to be measured and charged against the benefits: for
example, doubling the average 1947-50 catch would mean extra fish having a
landed value of about $1,000,000 per year (1955 prices).

£. Predator control was found to be suceessful in rapidly increasing

sockeye stocks at Cultus Lake in the 1930°'s (8)., This was accomplished st
little expense, by decimatling a population of large squawfish in the lake and
without any reduction in trout stocks. No doubt the same could be accomplished
on other small lakes that have large coarse fish populations. However, not

many such lakes exist, and in any event small lakes will not contribute any

great fraction of ocur sockeye production as long as the large ones remain
accessible. Prospects for predator control ag a major management practice on
lakes such as Babine are not bright, partly because they lack easlily-caught
carnivorous fish other than trout. However, studies on the Skeena and else-
where suggest that lccal control to proteet fry in streams as they descend to
a lake, or to protect smolts when they are leaving, may prove posgsible and
profitable,

3. Completely speculative ag yet is the possibility that fry could be
caught as they hatch from spawning beds in the outlet of Babine lLake, and
releaged in the upper lake. Possibly a hatchery which used outlet fish would
be justified, for the same purpose. Hatehery costs and benefits everywhere
need to be reassessed, in the light of modern salmon values and more economical
hatching techniques.

For our prediction of catches in 1980 we have considered that some type
of regulation or management will add substantially to the Skeena stock and

‘catch in 25 years? time. A catch about double that of 1951=b4 is the best

estimate, the increase to be partly from increase in stock, partly from an in-
creaged rate of expleoitation made possible by improvements in growth or distri-
bution of fingerlings at Babine.

{e¢) Adverse factors

As in other watersheds, power development plans exist for the Skeena,
The Aluminum Compeny of Canada proposes eventually to divert the Nanika River
from Morice lake, which may damage this area. A proposal exists for using
Babine lake ag a storage reservoir in connection with large power developments
on the Fraser, by diverting its water into Stuart laske. If meximum storage
were taken, this would completely destroy the major producing area of the
Skeena River, and reduce it %o the status of a third-rate sockeye salmon stream.
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NASS RIVER SOCKEYE

Present stock: 2,600,000 1b, TUtilization: 1,600,000 1b,
Stock in 1980: 3,500,000 1b. , Utilization: 2,100,000 1b,
History

Four major age clasgses ocour in the Nass River sockeys stocks—=4-= and
S-year old fish with a l-year freshwater phase, and 5- and 6-year old fish
that spend two years as young in the lakes before they migrate seawards. The
proportions of these age clagses vary considerably from year to year, although
almost_invariably the S-year fish with two years in the lake predominate.

Annual packs by S-year averages, in 48 lb. cases, are shown below (1 case
= about 10 fish in recent years = 72 1b. fresh round):

Av. catch Catech
(thousands (thousands
Years _of cases) Years of cases)
1911-1915 26 1951 24
1916-1920 24 1952 29
1921-1925 22 1953 18
19261930 15 1954 10
19311935 18
1936-1940 21
1941-1945 17
1946-1950 15

At least until recent years, the history of the sockeye fishing effort
on the Nags has probably paralleled that of the Skeena, the period of most
fishing being 1915-1935. Formerly Nass catches were packed in canneries
located on the river, but more recently they have been carried to the Prince
Rupert area on the Skeens River and canned there. With the Nass fishery, the
decrease from the early peak production to the low packs of 1926=30 probably
indicates overfishing, and as with the Skeena this occurred during the period
1915-1925. After 1941 fishing effort was reduced because of circumstances
related to the war, following which respite there were increased catches in
1951 and 1952,

The distribution of the spawning escapement in the Nass watershed 1s not
very well known, but the only important nursery lakes are the Medziadin and
the Bowser. Falls in the Medziadin River which flows out of Medziadin lake
used to constitute an obstacle to adult migrants at times of low water, but
the construction of a simple fishway ir 1913 alleviated that situation. No
other serious obstacles have been reported on the Nass, nor have any catas-
trophic phenomena occurred within the known history of the area.

Present Stock and Utilization
The recent Nass catches, in pieces, are as below:
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1951 225,500

1953 304,500
1953 198,400
1954 101,600
1955 156,900

The rate of utilization of the Nass stocks cannot be estimated accurately
because of the remoteness of the spawning areas and the difficulty of knowing
escapements. The similarity of the history of the fishery with that of the
Skeena River might suggest a similar rate of utilization (50%): on the other
hand, the leke spawning and production situation is very different in the two
watersheds. Our best guess is that the fishery currently takes 60 per cent
of the stock, so that the latter averaged 208,000/0.6 = about 350,000 fish in
1951-54, '

Future Prospects

(a) Without major improvements or disasters.

Under present management by regulation, the production of sockeye salmon
on the Nass should provide a maximum sustained yield averaging about 20,000
to 25,000 cases per annum (1.5 to 1.9 million 1b. per annum). This is somewhat
below the high yield of 1915-1925 when removals were apparently too great and
led to some depletion. Utilization of the stock should either remain as at
present or might possibly be raised slightly.

The Nass nursery laskes have a combined area of about 45 square miles.
At the present time they provide an average annual catch of about 4600 sockeye
per square mile., This is considerably lower than that of the best Fraser River
lakes, but somewhat greater than that of Babine Leke on the Skeena.

(b) Cateh with intensive management.

Some of the types of direct aild to sockeye production described under the
Skeena might be effective in the Nasgs system also, though maldistribution of
gspawning does not occur ag far as known. It is likely that improvement
measures will be tested thoroughly in accessible areas before being used on
the remote Nags lakes. However this may well occur within 2B years, and raise
Nass production correspondingly.

!
i

“(e) Adverse factors.

Proposals exist for the utilization of the Nass waters for industrial
purposes, but since it is not known how they will affect migration routes or
nursery areas, no useful predictions of resulting changes to stocks can be
given,




OTHER SOCKEYE AREAS

Present stock: 10,000,000 1b, Utilization: - 5,600,000 1lb,

Stock in 1980: 11,000,000 1b, Utilization: 7,000,000 1b,

History and Present Status .

A falrly large number of additional lakes contain sockeye populations,
gituated along the mainland coast and on Vancouver Island. Catches in recent
years were, in thousands of pieces:

1951 850
1952 8453
1953 1188
1954 546
1955 491

The 1951-54 uverage wag about 800,000 pieces weighing 5,600,000 pounds. The
rate of exploitation is estimeted rather arbitrarily as 55 per cent.

None of these areas have suffered important changes, and their catch has
probably been ahout as at present for some time.

Future Prospects

Since many of the areas under discussion are so gcattered, relisble es-
timates of spawping runs has often not been possible. With increased access-
ibility of and attention to the runs, a more effjcient ratio of catch to
escapement--either greater or less--may become possible in some places.

Fishways recently constructed on the Sproat, Stamp and Nimpkish Rivers are
expected to incpease sockeye production from Sproat, Great Central and Nimpkish
Lakes. A few other runs may benefit from future constructions.

Among the largest lgkes in the group under consideration are several that
drain to the west coast of Vancouver Island: Kepnedy, Hbzg%;song Sproat, Great
. Central and N;tlnat, which have a combined area of about square ml;gs and
toaday give a cateh of about 135,000 sockeye on the average, or only &40 per
square mile. The waters of this region are very pror in dissolved nutrients,
and the very heayy rainfall subjects spawning streams to violent freshets.
However it may prove that a reasonable annual expenditure could ameliorate

one or other ci these handicaps and greatly increase production,

On the other hand, a hydroelectric development has already been projented
that involves the Alberni lskes (Sproat-Great Central), which in its present,
form could scercely fail to limit salmon production in at least one of these
lakeso

On balance, we anticipate a gradual increase in average yield in future,
up to about 1,000,000 fish or 7,000,000 pounds by 1980. Any important
success in env1ronmental managament could at leamast double this figure.



PINK SAIMON - Oncorhynchus gorbuscha

Present stoek‘size: 116,000,000 1b, Utilization by Canada: 45,000,000 lb.
u " others: 13,000,000 1b.

Stock im 25 years: 130,000,000 1b. Utilizetion by Canada: 54,000,000 1b,
"

*® others: 16,000,000 1lb,

History
Pink salmon are to-day the mosgt abundant salmon in British Columbia. They

spawn in more than 1,000 streams, situated both on the mainland and on many of
the coastal islands. The only major area which does not contribute significantly

to the natural propagation of the stock comprises portiomns of southerh and
western Vancouver Island.

Some pink salmon spawning grounds in the Fraser and Skeena watersheds are
situated several Hundred miles upstream from the river motiths. Much spawning,
however, takes place relatively close to salt water, at times even within the
range of tidal influence. The fry travel to tlie ocean as goon as they emerge
from the gravel beds and hence are not, or are very little, depenident on fresh-
water food supplies. Maturity is reached at an age of two years, the length
of the life cycle being invariable to the best of our present knowledge. Pinks
can be taken well out to sea, away from the cofitinental shelf, but present
results suggest that they do not travel as far as chum and sockeye salmon.,

Although plnk salmorn showed some commercial importance prior to the war
of 1914-18, intensive exploitation of the species by British Columbia fisher-
men dates from that period. However, as early as 1907 considerable catches
yere being made by Washington fishermen from stocks which undoubtedly spawned
to a large extent in British Columbia waters. Since 1918 pink salmon fishing
has been prosecuted in all the main geographic regions of the British Columbia
coast and, with a few exceptions due to economic conditions or the peculiarities
of & particular area, exploitation has been complete within the limits imposed
by regulations adopted for conservational reasons. A review of trends up tb 1947
- is given by Hoar (1). The catches since lY2uU are shown below. The average

weight of a pink salmon is about 4.5 pounds.

Average catch

Period millions of fish
1920-23 8.2
192427 9.3
1928-31 12.3
1932--35 7.5
193639 9,6
1940-43 5.8
1944-47 - 9.2
194851 10,0
1952-565 9.7
1950 8.0
1951 13.0
1952 1l.2
1953 11.1
1954 5.4
1L.0

1965



For recent years, a breakdown by regions of the coast is shown in Table A,
The United States catch in Puget Sound is also included, because these fish
are taken from the same stock as that which Canadian fishermen fish.

Table A, Pink salmon catches by regions, in thousands of pieces.

Statistical

area 1961 1962 1953 1954 1955
Queen Charlotte Is. 1, 2 45 2761 12 1515 43
Nagg River 3 1206 291 246 564 438
Skeena—River 4 458 A45L— 426 B LBZG—
Central Coast 5=11 4925 3801 1120 2003 1988
Upper W. Coast Vancouver Is. 24-27 40 209 67 171 45
Johnstone St. and G. of Georgia 12-18 2290 2720 5104 401 3085

=273
Fraser River, etc. {é’g 23 2726 3 4127 1 3961

b P
Total for Canada 11684 11235 11110 b444 10887
Puget Sound and Juan de Fuca 5543 5 6000 15 ..

(USA cateh)

In common with other salmon fisheries, the history of pink salmon exploita=
tion has been marked by the intrcduction from time to time of larger vessels
with longer range, new or improved aids to navigation and communication, and
more efficient fishing gear. Due to competition for the limited (although
large) quantities of fish available, there has been a trend towards catching
the fish at an earlier stage in thelr migration, at points more remote from the
spawning streams.

At the present time about 70 per cent of the catch of pink salmon is made
by purse~-seines and 30 per cent by gill-nets. Throughout the history of the
fishery by far the greater part of the catch hasg been canned. It ig indicated
that from 1917 to 1924 as much as 10 per cent to 20 per cent was utilized fresh or
frozen. Since that time probably not more than 5 per cent has been go used.

Management policy throughout the history of the fishery has been mainly
directed to permitting the arrival of a sizeable part of each year's run on
the spawning grounds. This policy is implemented in two ways: 1. Fishing
is prohibited during certain periods in coastal waters and also at all times
in streams and near stream mouths. Limitations on the kind and use of gear.
are alsgo imposed. In general, an escapement from the fishery of 50 per cent
of the runs has been aimed at, lrrespective of the size of the runs. 2.
Accegs of adults to spawning grounds has been maintained or improved. Thisg
has involved the removal of obstructions, construction of fishways and the
prohibition of introducing harmful substances in streams frequented by salmon.

Hatchery propagation was never practised extensively for this species.
Recently, however, there have been instances in which improvement of spawn-
ing econditions has been attempted in compensation for diversion of water for
other purposes. These improvements have included the provision of artificial
gravel beds and control of water flow (2).
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Present Status |

Since 1917 the annual British Columbia catch has fluctuated noticeably
but the long-term trend has been remarkably stable. Total stocks were probably
slightly greater in the 1920%'s than in subsequent periods but there ssems to
have been no continued decline.

From a consideration of the percentages of tagged fish recovered by the
fishery and by comparing catches and spawning escapements in certain areas, it
is concluded that in the case of fish travelling through Johnstone Strait and
those frequenting the north-central part of the British Columbia coast, exploi-
tation of the runs amouuts to about 50 per cent (4, 5, 6). This figure has been
used in estimating the present size of the total British Columbia stocks. The
rate may be somewhat higher or lower in certain areas and was probably somewhat
lower generally (perhaps 40%) prior to about 1945. The recent increase in rate
of utilization did not result in any increase in sustained yield. Hence the
fishery is now as intensive, or perbaps slightly more intensive than what is
required for meximum yield.

A speeial situation exists in two important areas: (1) A southern main-
land region comprising Howe Sound, the Fraser River and Puget Sound (Washington),
towards which very large numbers of fish migrate in odd-numbered years, is
almost devoid of pink salmon runs in the intervening even-numbered years, as
ghown .in Table A. . (2) A similar alternation of "good®™ and "off" years is
charascteristic of much of the Queen Charlotte Islands, the good seasons in this
instance, however, being the even years. This regular alternation, which has
persisted throughout. the period for which records are available, can exist
because of the unvarying two-year life cycle. Two separate stocks are necessary
for runs 0 oecur every year. In the areas cited, one stock 1s scarce or absent.

-

The status of the stocks 1n two areas require special comments.

(a) Skeena River area. A marked slump in pink salmon catches occurred
throughout porthern and central British Columbia in 1932, apparently a result
of execeptional droughts in 1930. In most places the former level of catch was
soon restored, but in the Bkeena area this slump, and a somewhat similar de-
pression which occurred in the "odd-year" succession a few years earlier, have
not been followed by subsequent restorations of catch=level (14). Annual
catches which in the 1920%s averaged near 2,500,000 fish have averaged hardly
half this quantity since 1930. Undoubtedly there has been a drop in the abun=
dance of fish. At the same time it appears that in the Skeena area exploitation
of the pink salmon runs has not been as consistently heavy from year to year as
in other coastal areas and therefore does not as accurately reflect the gize
of the stocks.

‘ In recent years two special events enter the picture. The Babine River

slide obstructed substantial numbers of pink salmon in 1951 and 1952, though
probably not more than a quarter of the total Skeena escapement (9). Its
effects should be short-=lived. In 1951 fishways were opened at Moricetown
Falls on the Bulkley River (10). Designed to assist all species of salmon at
. this peoint, these structures will probably be particularly valuable to pinks,
which are less capable of surmounting obstacles than are most other specles.
The upper Bulkley River contains extensive spawning areas which can add
importantly to the productive potential of the Skeena.



(b) Fraser River - Juan de Fuca Strait. The special features of this
area are {l) the biennial nature of the fishery (2) the exploitation of the
stocks by both Canadian and United States fishermen.

The trend of the combined fishery 1ls shown to some extent by the Washington
pack figures, which declined from an average of about 14,000,000 fish per odd-
numbered year in the decade 1911-1919 to about 6,000,000 fish in 1941-1949.

It is not easy to segregate accurately the (much smaller) Canadian catches

which should be regarded as being drawn from the same stocks of figh. However,
Canadian catches do not refleet the overall decline, since our fishing intensity
was light during the period of the highest United States catches and has tended
to take an increasing proportion of the combined yield (from about 10% in
1911-1920 to 30%-40% in recent years). Canadian catches in the last 10 years
have actually been greater than in any previous decade, largely because of an
increased use of seiners along the southern Vamscouver Island shore.

Although the largest combined cateh (more than 22,000,000 fish) was made
in 1917, the runs prior to that date were not exploited in proportion to their
abundance, and they had already suffered a major disaster at Hell's Gate in
1913, The international pink salmon fishery was not so eritically dependent
as was the sockeye fishery on the runs to the upper Fraser, since many pinks
spawn in the lower Fraser watershed and in other streams from Howe Sound to
Puget Sound. Nevertheless the upriver escapements prior to 1913 were reported
to run into the millions, and were wiped out in that year. Rounsefell and
Kelez (7) have calculated an index of pink salmon abundance from catches of
traps north of Deception Pass in Puget Sound, which shows an abrupt decrease
between 1913 and later years, suggesting a decrease in sgtock by about 75 per
gcent. The traps in question were situated so that they probably measure
Frager fish almost exclusively (not those of Puget Sound, Howe Sound, etc.),
but the stock of the whole region probably decreased by at least 60 per cent
at that time. No recovery of the pink runs to the upper Fraser was obsgerved
until after fishways were constructed at Hell's Gate in 1945,

At the present time international competition for pink salmon is increas-
ing in this area. Beginning in 1947, a major part of the Canadian fishing
effort has been shifted from gill-netting operations in and near the Fraser
River to purse-=geining in Juan de Fuca Strait, thus intercepting the incaming
fish at an earller stage in their migration.

Currently, two opposite influences are at work. (1) Some re-establishment
of the up-river Fraser runs is taking place, with considerable escapements now
reported from the Seton lLeke system and the Thompson River. (2) In the absence
of some form of joint management policy, intensified international competition
for fish may result in serious depletion,

Future Trends

(a) With the present kinds and intensity of management, and no major
disasters.
Continuation of present management policy would seek to prevent depletion
of stocks by overfishing. Increages in fishing intensity would be countered
by increased restriction., If, however, pressure were to become much greater
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than at present the difficulty of dividing the stock into desirable proportions
of catch and escapement would undoubtedly increase.

In the absence of specific major disasters to spawning stocks, some
adverse influence can yet be expected from reduced forest cover, local interfer-
ence and encroachment by increasing human population, use of water for other
purposes, etc. Effects of logging were apparent in the lower Fraser region in
1955, when fagt runoff following heavy rainsg almost destroyed the seeding of
many streams.

Present production of pink salmon in the Skeena and Fraser watersheds is
probably considerably less than the potential. In the former some spontaneous
increase in the size of the runs, such as that which hasg cccurred from time
to time in other areas, might tfake place under existing conditions and give
improved catches for an indefinite period. The restoration of the upriver
Frager stocks will probably proceed for another few pink salmon generations,
without radical departure from existing management practices, or it may be
hastened by increased protection for the early part of the run. However, as
matters stand, this restoration will affect only the odd years, and more than
half of the increase in catch will accrue to United States fishermen.

In the absence of either special management or special disasters, the
total average catch for British Columbia might be about the same in 1980 as
at present--unavoidable local deterioration of the watersheds belng compensated
mainly by increase of Tthe upper Fraser and the Skeena stocks.

(b) With new or intensified management.

Since Canadian production of pink salmon has suffered no marked decline
gince the early years of the fishery, management cannot aim at a rapid or
spectacular "restoration™ of a pre-existing high level. To raise the present
average catch level implies the castching of more fish than at any previous
period. '

It isg true that by summing the maximum known catches from each separate
part of the British Columbia coast, a total can be reached which is much greater
than any single year’s production has ever been. However the natural fluctua-
tions of climate, etc., which have mainly caused these past variations, will
certainly occur in the future too.

Nevertheless there are types of management which are not, or are little,
practised at the present time and which show promise of increasing yield if
new effort is put into them. Those on which some information is available
include: (1) opening of new spawning areas by fishways surmounting natural
obstructions; (2) control of water supply to incubation and migration areas:
(3) construction or improvement of spawning beds: (4) operation of hatcheries;
(5) regulation of escapements to individual streams or tributaries in the
direction of producing the optimum density of spawning populetions; (6) re-
duction of predation on emerging fry; (7) stocking of streams from which pink
salmon are absent or which support. runs only in certain years. The first of
these is an established policy already in operation (10, 13), whose tempo
might be stepped up given additional funds. Most of the others have been
or are being tried experimentally.




By the use of some combination of these tools of management it is probable
that the production of some streams could be doubled. Water control and re-
moval of predators have been shown in small-scale experiments to increase fry
output to a marked degree (1l). Excellent survival of eggs has been obtained
in artificial redds with an assured water supply (2). Extensive application
of these procedures awaits a study of costs and benefits in a larger operation;
and if that proves satisfactory, perhaps a means of assigning costs directly
to beneficiaries will have to be devised. With modern salmon values,  even
conventional hatcheries, using an improved drip technique, might prove economic,
An attractive feature of measures of types (2) to (6) above is that they increass
the stock without requiring increased escapement, so that the percentage teken
by the fishery can be increased.

The pogsibility of establishing "off-year" runs on the lower mainland and
Queen Charlotte Islands is a matter for speculation. A new transplantation
experiment is being carried out (%), but it is not yet possible to evaluate
its usefulness: past failures make prediction of success hazardous. As
already indicated, Skeena River pink salmon production could probably be in-
creased by measures which, in the first instance, might well include the reg-
ulation of escapements to individual streams and perhaps the stocking of
others which are not being effectively utilized.

To be fully successful, most plans for increasing production would nec-
esgitate separate control of the fishing on runs belonging to each important
stream or watershed. However, the present tendency to fish farther from the
gpawning streams {that is, before segregation of the various local runs has been
‘established ) militates against this kind of management. A reversal of this
tendency is the most immediate need, at least in areas where it would not cripple
Canada‘'s competitive position. If the latter were stablized by international
agreement, better control of escapement would be possible.

The maximum catch increases which would seem likely from these various
measures in 25 years are about as follows:

Catch on
two-year basig

(1) Bstablishment of off-year runs

(a) Fraser area 6,000,000 fish (Canada only)
(b) Queen Charlotte area 2,000,000 fish
(2) Removal of obstructions to migration 2,000,000 fish

(3) Intensive spawning management
(control of water supply, improvement.
of redds, predator control on redds,
hatcheries, etc.) 6,000,000 fish

Total 16,000,000 fish

8,000,000 fish per year

Since the success of off-year transplantation, especially, is quite specula-
tive, it would be unwise to count on more than 4,000,000 extra fish per year,
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or about 18,000,000 pounds, even with expanded and vigorous management activity
during the next 25 years. The ultimate limit may be considerably greater, however

(e) Adverse factors.

Since pink galmon spawn to a large extent in the lower portions of the
larger watersheds and also in many small coastal streams which do not offer
attractive prospects for hydro-electric development at the present time, the
construction of dams would be unlikely to have gsuch drastic or widespread
detrimental effects for this species as they might for sockeye. A notable
exception would be any dam which interfered with the passage of the spawning
populations now rapidly developing in the upper Fraser. Dams on the Fraser
are discussed under "sockeye™, and it is of some importance to predict the number
of pink salmon that would have to use any new fishways constructed there. In
recent years before the upper Fraser runs increased appreciably the international

- odd-year catch of pinks bound for the Fraser and the region of Howe Scund to
Puget Sound averaged about 10,000,000 fish. At the estimated 50 per cent rate
of capture, the best figure for the size of stock of the region under recent
conditions of intensive utilization is twice this, or 20,000,000 pinks==before
the upper Fraser came back into the picture. We estimated earlier, from
Rounsefell and Kelez® data, that when the upper river was cut off by the 1913
obstruections the pink stock of the region decreased to about 40 per cent of
its previous level. On this basis the average total stock of the region, when
the upper river is completely rehabilitated, would become 20,000,000/0.4 =
50,000,000 pinks. That is, the upper river will add 30 million pinks to the
present average stock of 20 million. Unless upriver reproduction were to prove
exceptionally efficient, half of these will be needed for spawning. Hence in
an average odd-numbered year about 15 million pinks will ascend the Fraser
canyon. ZEnvirommental variability could bring this up to 25 million or more
in some individual years.

There is another point to be considered in connection with proposed dams.
Because they go downstream as fry, pinks may be more vulnerable to hazards of
seaward migration than are sockeye; and observations to date indicate that
fry will prove less amehable to guiding than smolts (12).

The intengificatiofl of international competition in the Juan de Fuca -
Puget Sound regilon, 1f Hot checked or balanced by appropriate joint action
to ensure adequate escapements, might bring these important runs to a very low
level in the course of a few two-year generations.

As already noted, development of offshore fishing or fishing in other
areas remote from the freshwater destinations of the fish carries the danger
that certain runs will be depleted while other runs may be under-utilized.

Other adverse develomments are likely to be local, gradusl and insidious
rather than dramatic. The spread of human population, the difficulty of
offsetting fishing intensity, the use of water for hydro-electric or other
purposes, the effects of deforestation--these effects may be somewhat more
serious or develop more rapidly than is at present contemplated.

Without increased countermeasures, a combination of unfavourable events

could certainly reduce average catches by 20 per cent in the course of RS years.

Our best estimate of future events depends on the conditions that {(a) no
dams will block the Fraser or destroy the Thompson River spawning beds;
(b) international competition will not reach harmful levels, or will become
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regulated by an agreement; (¢) no offshore fishery will develop:; {d) moderate
guccesg will be achieved in increasing stocks by methods outlined under (2)
above, On this basis we sstimate that by 1980 stocks will have increased by
about 18 per cent, to 130,000,000 pounds; and catch will be up by a little
over 20 per cent, to 70,000,000 pounds, of which Canada will take all but
about 16,000,000 pounds.
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CHUM SAIMON - Oncorhynchus keta

Present stock: 150,000,000 1b,. Utilization by Canada: 58,000,000 1b,
‘ " "  others: 23,000,000 1b,

Stock in 25 years: 150,000,000 1lb, Utlllzatlon by Canada: 60,000,000 1b.
"  others: 23,000,000 1b,

History
* Chum salmon resemble pink salmon in that there is only a very short free
freshwater 1ife for the fry, during which they feed little or not at all. This

species is larger than the pink (average 12 1b.) and matures_ at 3, 4 or 5 years

of age as a rule. In the ocean it goes far out to sea. In British Columbia
most chums spawn in short coastal streams. There are not and apparently never
were appreciable spawning stocks above the Fragser canyon. In the Skeena they
rarely ascend to Babine Laeke or to Moricetown Falls., However in the Yukon
River they enter Canada and proceed as far as Teslin lake.

The chum salmon fishery in British Columbia became intensive at about the
same time as the pink salmon fishery, which it resembles in many ways. Chums
are exploited in all the coastal areas of the province. In the last few years
about 55 per cent of the catch has been made by purse-seines apnd 45 per cent
by gill-nets. As compared with pink salmon, a much larger percentage of the
catch has been utilized in ways other than canning--now mostly fresh or frogzen,
at times smoked or drysalted. The more varied disposal of the product makes
estimates of annual catches for earlier years spmewhat less reliable than those
for pink salmon. Approximate figures are as follows:

Period No. of fish {millions)
1920-23 2.0
192427 6.4
1928-31 5.8
1932-35 4.2
1936=39 4.5
1940~43 H.2
1944-47 4.4
1948-51 5.9
1952-5b 3.6
1950 8.6
1951 6.3
1952 2.D
1953 4.7
1954 5.9
1955 1.5

The distribution of catches for recent years (Table A) indicates that
the species 1s caught mainly along the central coast and in Johnstone Strait.
The United States Puget Sound fishery takes more than Canada does of the stock
in the region of the Washington-British Columbia boundary, though part of our
Area 12 to 18 catch consists of Fraser River and even Puget Sound fish. The
gituation here 1s similar to that for the pink salmon, except that there is
much more chum spawning than pink spawning in Puget Sound rivers.



Table A. Chum salmon. landings by regions, 1951=55, in thousands of pieces.

' Statistical
Region area 1951 1952 1953 1954 1955
Queen Charlotte Is. 1, 2 477 111 142 667 74
Nags-River 3 278 99 174 88 66
Skeena River 4 70 38 56 121 30
Central coast o=11 | 2260 207 1233 1022 422
Upper west coast of Vancouver Is. 24-27 256 75 394 385 99
Johnstone St., Gulf of Georgia 12-18 2220 948 2015 2575 585
- Fraser R., Howe Sound, etc; ggagg 643 705 655 1082 266
9

Canadian Total 6204 2481 4670 5941  1b42-

Puget. Sound and Juan de Fuca,

USA (canned pack only) 1400 1890 2800 1600 oo

Present Status

Considerable fluctuation in annual catches has been witnessed since 1920.
Catches to 1947 were graphed and studied by Hoar (1), who observed 3 or 4 periods
of low catch, the first in the early 1920's. He was unable to decide whether
these reflected mainly poor supplies or poor demand, but believed that large
fluctuations in abundance had occurred. Although there has been no long-term
trend downward or upward, marked weaknesses in certain recent years (beginning
in 1944 ) indicate that there has been some reduction im the average abundance of
fish since the earlier years of the fishery. The low catch of 1952, however,
was due in large part to a prolonged strike in that year. The 1955 catch and
stock were low everywhere, as for sockeye., These two species apparently wander
farthest out to sea and have similar length of life, so an exceptionally un-
favourable ocean enviromment at some time during the period 1955—55 is suggested.,

' Local areas in which reduced chum salmon catches and/or escapements have

appeared within the last dozen years have included Vancouver Igland and the
Queen Charlotte Islands. In the former area, probable causes include: (1) severe
flbcding of spawning streams in certain years, (2) intensified fishing of stocks
which make long inshore migrations through Johnstone Strait and the Strait of

. Georgia, (3) changes in stream flow pattern produced by deforestation in the
eastern and southern sections of Vancouver Island. On the west coast of Vancouver
Island and in the Queen Charlottes past difficulties in the enforcement of
closed fishing periods and areas have apparently contributed to’a‘lowering of
population levels. '

 As far as known, the rate of utilization of chum salmon, is similar to
that of pink salmon: recent .tagging in Johnstone Strait indicated 50 to 52 per
cent adjusted rate of return of tags for stocks entering there. (6, 15). We
have used 55% as the rate of utilization for the whole area. On the basis of
an average catch of 5 million fish by Canada and 2 million by the United States,
the present average stock available each year is estimated as 7/0.6%% 12,7
million fish or about 150 million pounds.
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Future Trends

Chum salmon are sufficlently similar to pinks in their distribution, habits
and in the length of the freshwater period of the life-cycle to respond to the
seme favourable or adverse influences. The comments made under “pink salmon®
in general apply also to the present species. The more variable total length
of the life-cycle reduces the danger of eliminating a local population indef-
initely through a catastrophe which affects only a single season'’s escapement,
Also, the effect on the fishable stock of improved, or worsened, conditions is
deferred for a longer period,

Since ‘chums meke little use of the upper parts of our longer rivers, any
construction of main-stem dams on these watersheds would have little effect
on this species. An exception is the Yukon River, where chums would be affected

by proposed diversions, but these chums do not contribute to the Canadian _
commercial fishery. ’

The chum's failure to ascend the Fraser canyon, even in early days, means
that it will probably not become established in the upper part of that river
in the way pinks are.

Opportunities and methods for spawning-ground management will frequently
~be similar for both pinks and chums. However, the fact that the two species
are so similar in their requirements is likely to lead, under intensified
management, to a form of "competition" between them. In considering the max-
imum output of fish whieh can be obtained from the use of a given freshwater
area; a choise may have to be made as to which species, or what proportion of
each, is to.be promoted. Under these circumstances pinks would generally be
favoured as being frequently more desirable and because quicker results could
be expected from management procedures. Therefore, while increased efficiency
of propagation can be expected in streams where chums are dominant, the species
is less likely to benefit proportionally from a program of new or special
undertakings in the fish-cultural field.

On the whole, no great change is anticipated in the abundance of chum
salmon in the course of the next 25 years., Unavoidable local deterioration of
their- freshwater environment, from logging and other utilization, is likely to
be compensated by more direct management, by opening up of inaccessible parts
of some spawning streams, and by increased escapements in areas whose. spawn-
ing_stopks have been too greatly reduced,
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COHO SALMON = Oncorhynchus kisutch

Present stock: 40,000,000 lb,. Utilization: 23,000,000 1b,

Stoek in 1980: 40,000,000 1b. Utilization: 30,000,000 lb,

(N, B, Catches made by United States fishermen are not included above, nor
is their proportionate share of the stock.)

Historz

Cobo_salmon mature predominantly in their 3rd year, and have spent one

year in fresh water--usually in a river or creek., They ascend both large
rivers and small creeks, penetrating to very small tributaries for spawning.
About 1500 streams have coho stocks; in contrast to spring salmon, the best 10
probably have less than a third of the total. They are absent from the Fraser
River above Lﬁtﬁan though present in the Thompson drainage. In the sea they
geem to occur mostly fairly close to shore, though occasional individuals

have been taken in high seas exploration. Fish tagged off our coast are nearly
all retaken in our waters or in closely neighbouring parts of Alaska and Puget
Sound: migrations of more than 300 miles are exceptional.

Fishing is mostly by trolling offshaore, by seines and by gill-nsts.
Information on the catches of coho salmon is similar to that mentioned for
spring salmon, with the following differences: The proportion caught by gill-
nets is smaller and more are taken by purse seines. The proportion taken by
trollers has always been large, and in recent years amounts to approximately
2/3 of the total catech. Recent catches are among the largest in the history
of the fishery. Catches for the last decade are shown below, in thousands of
pounds landed weight (mostly gutted, head-on):

District 1 District 2 District 3 B, C.
Yoars (Fraser R.) (Northern ) {Southern) Total
1945 2289 14350 14418 31057
1946 1354 11085 7503 19943
1947 1454 8507 10173 20143
1948 1623 ‘ 10044 12589 24256
1949 1129 9715 10845 21688
1950 1722 7288 11014 20024
1951 1221 13818 1717% 32811
1952 664 7314 116830 19608
19563 662 6806 13677 21105
1954 992 82562 9684 18928

The sport fishery in the Strait of Georgia takes at least 200,000 small
fish each year, and the commercial catch is approximately 3,000,000 fish per
annum, Since 1945 the catch has remained fairly steady (20 to 30 million pounds).
It constitutes about 15 per cent by weight of the total British Columbia salmon
catch. Since most of the coho salmon mature in their third year, the success
of a large brood year is shown by the large catches in 1945, 1948 and 1951.

The failure of the 1951 brood year is shown by the small catech in 1954. The
poor return from the large run in 1951 can be attributed at least partly to the
dry summer of 1952. Much of the variation in catch from year to year depends



on summer stream flow and the survival of young coho salmon during their first
year of 1life (1, 2). The low catch in Districts I and IXI in 1952 is due in
part to a strike during the season.

Cohe salmon are usually between 5 and 10 pounds weight. Although most:
are used on the fresh and frozen market, a considerable number are canned,

Present Stocks and Utilization

Quite a number of coho tagging experiments have been made, but there is
apparently considerablq ortality of troll-caught fish, and rate of return is
usually not more than 28 per cent even in the most recent experiments (59‘4§9L
It is also difficult to get escapement estimates from fish which disperse ag
__widely as coho. However, the best egtimate suggests that it is somewhat less

than half of the stock, or about 2,000,000 fish out of a total of 5,000,000,

Future Prospects

(a) Without major improvements or disasters.

It seems inevitable that some coho stocks will decline because of encroach-
ment of ecivilization on the streams where they spawn and live during their
first year of life. Also, logging of the watersheds will continue and will
decrease the capacity of gtream nurseries, though eventually an equilibrium
should be reached in this respect. A larger proportion of the cateh will be
taken by the sports fishery in inshore waters.,

{b) OCatch with intensive management .

CGoheo will take advantage of opening new streams above present obstruections,
probably more than any other species. Control of water flow might rarely be
undertaken for cohoes alone, bubt they may benefit from installations designed
primarily for pinks or chums. Removal of log jams on small streams may be
necessary, especially in areas where coastal streams have been most geriously
affected by logging. Pond rearing of cochoes to the smolt stage is also
possible, but expensive. With an extensive program of management it should be
possible to offset much of the loss due to man-made or natural changes in the
environment, )

However, whether this is done on a substantial enough scale will depend
on how valuable coho salmon are considered to be (to both commercial and sport
fishermen) in comparison with other species of salmon which fregquent the same
streams (young coho prey on other small fish) and also on the value of the water-
sheds to other industries. : ' '

(¢) Major adverse factors.

Gonsiderable reduction in coho supply would come from major dams on the
Fraser or elsewhers. More important, probably, since the stream residence stage
is vital to survival of coho, are the less spectacular effects of reduction in
stream flows from logging and fires; by local diversions of water for irrigation
or water supply, by ditching of farm lands, by construction of roads, and by
industrial or agricultural pellution. Both the stock and the catch of coho
salmon could be considerably reduced in the next 25 years by these circumstances.
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Our best prediction is based upon the assumption that during the next
25 years vigorous action will be taken to alleviate deteriorated condition in
coho streams, and to open up as many new stretches as possible., It is _
unlikely that this will do more than maintain present stocks, but somewhat more

efficient utilization of the specles may be possible, providing somewhat larger
average catches,




SPRING or CHINOOK SALMON - Oncorhynchus tshawytscha

Pregent stock: 22,000,000 lb. Utilization: 13,000,000 lb,

Stock in 1980: 20,000,000 1b. Utilization: 15,000,000 1b.,

(N. B. Catches made by United States fishermen are not included above, nor
is their proportionate share of the Pacific stock.)

Histogy

Spring salmon spawn in over 200 large to medium size streams in British

Columbia, of which the best 10 probably account for half of the total fish.
The young may spend up to a year in fresh water after hatching, but usually

it 1s only a few months. Equalling or exceeding the sockeye in vigor, springs
ascend to the headwaters of the Yukon, Skeena and Fraser, and formerly of the
Columbia as well, '

Prior to 1945 accurate catch statistics are not available for spring
salmon. However, estimates of the catch by types of gear from 1920 to
1945 suggest that in the early years the gill-nets caught two-thirds of the
cateh and the trollers one-third. The gill-net catch appears to have remained
relatively constant over the years, but from 1941 to 1946 the number of trollers
increased rapidly, and they now take two-thirds of the total catch. Consequently
the catch in the last decade is probably the highest in the history of the
fishery. Since 1945 the annual catch (in thousands of pounds landed weight,
mostly gutted head-on) for the three administrative districts of British Columbia
are shown below: :

District 1 District 2 District 3 B. Co
Year (Fraser R.) (Northern) (Southern ) Total
1945 5021 2639 5142 12802
1946 3695 4038 7498 15231
1947 5843 3552 4111 11505
1948 2646 3394 7467 13608
1949 3568 3131 7796 14494
1950 2970 2703 7794 13466
1951 2565 672 6420 116b7
1952 2133 3274 7464 12870
1963 3112 3006 7904 14072
1954 3304 2531 6403 12237

During this period the catches in each of the three districts have remained
relatively constant. The total commercial catch (10 to 15 million pounds, or
about a million fish) constitutes 8 per cent by weight of the total British
Columbia salmon cateh. About 50,000 fish are taken by sport fishermen.

Spring salmon are large in size (usually 10 to 25 pounds), and many are
used fresh or frozen. Most fish are mature or maturing when caught, but in
certain areas trollers take many immature ones, As far as known, they hardly
go out to sea beyond the continental shelf. are taken within sight of land.

The ocean migration routes and the origins of the stocks which are fished
have been investigated by tagging and marking experiments. Spring salmon spawn



mainly in the larger rivers, and the young move along the coast a long distance
northwest from the rivers in which they spawn. Consequently, the Columbia River
stocks are important in the Canadian and Alaska fisheries, and even Sacramento
fish have been taken here (5). It is estimated that in 1930 Columbia fish con-
tributed over 50 per cent of the troll catch outside the Strait of Georgia, but
since then they have declined, until in 1950 they probably accounted for only
about 30 per cent (6). Formerly the spring and summer runs of Columbia chinooks
were most important, but they declined as a result of water diversions and
overfishing (apparently); when the Grand Coulee dam cut off all spawners from
entering Canada in 1939, chances of restoring populations in the upper river were
lost. In the last five years the late run of "fall chinooks"™ to the Columbia
River has also declined sharply. High catches in Canada have been maintained

by increased numbers and efficiency of trolling boats, which has meant heavier

exploitation of stocks from the larger rivers in British Columbia, such as the
Fraser. Also, fishermen are catching smaller fish, and more of the immature

fish, than formerly. In addition, more United States boats now fish off Vancouver
Island, in Dixon Entrance and off southeast Alagka, than in the early days.

A small sport fishery has long operated in the Strait of Georgia. In
recent years it has expanded rapidly and is spreading northward.

Present Stocks and Utilization
Because spring salmon spawn in the upper tributaries and in the riffles
of the larger rivers where observations are difficult, no very accurate
measure of the spawning escapements is available. Best figures indicate
that the spawners are less than half of the total stock, or about 500,000 fish,

Estimation of rate of exploitation from tagging results is difficult
because of the unknown, but large, mortality of the fish after tagging. Also,
the international fishing and the long ocean migrations of the major stocks are
complex, and maeke it impossible to estimate their size individually.,

Since the recent increase in fishing effort has not produced any overall
increase in catch, it seems likely that we are at or close to the highest yield
which can be gustained by the available stocks as a whole., Some populations
are probably too heavily fishedgjithere is fairly good presumptive evidence that the
recent decrease of Columbia River fall chinooks is mainly a result of over-
fishing.

Future Prospects

(a) Without major improvements or disasters.

Without special menagement, an increase in the industrial utilization of
water in the spawning and nursery areas of the larger rivers will gradually
reduce additional stocks, and even with a better distribution of effort the
commercial catch would probably not be maintained quite at 1ts present high
level, With an increase in British Columbia‘®s population, and more time for
recreation, the local sport fishery will continue to expand. The number of
United States sportsmen fishing off British Columbia will also increase,
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(b) Catech with more intensive management.

Since the spawning areas are mostly limited to large rivers and tributaries
where water control and even censusing of the stock is very difficult, little
increase in stock can be anticipated from the methods which show promise for
pink and chum salmon. However some spawning areas can be opened up by fishways
over natural obstacles. Restrictions on the catching of immature fish might
result in a somewhat higher catch than at present.

(e¢) Adverse factors.

A few important spawning streams have already been damaged by industrial
use, for example, the Nechako and the Puntledge. The full effect of these
diversions has not yet been felt. Mainstream dems on rivers such as the Fraser
could be very dsmaging to springs, as to sockeye. If more important tributaries

are cut off, hatcheries might be the only method of making up the loss,

An increase in competition from United States commercisl tyollers and
sport fishermen seems inevitable over the next 25 years.

Qur best future estimate is based upoh the belief that during the next
25 years gome reduction of the totel spring salmon stocks will occeur inevitably,
because of greater utilization of spawning waters for industrial purposes,
but that the large rivers will not be disastrously dammed, and present over-
fishing of the Columbia will be remedied. Better knowledge and more detailed
regulation will permit somewhat more intensive utilization, sufficient to
offset the decline in supply and the increased competition.
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STEELHEAD ~ Salmo gairdneri

Present stock: 5,000,000 1lb, ) Commercial catch: 600,000 1b,
' Subsistence catch: 350,000 lb, (?)
Anglers? catch: 300,000 1b. (?)
Stock in 1980: 5,000,000 lb. Commercial catch: 500,000 1b,
' Subsistence catch: 350,000 1b,
Anglers' catch: 600,000 1b,

Present Status

water; and the relations between the two types are obscure. Steelhead are
identifiable as the returning anadromous individuals of the species. They
occur in nearly all rivers along the British Columbia coast, sometimes in quite
small ones. In appearance, size and habits steelhead greatly resemble the
Atlantic salmon. However, steelhead appear to grow faster in fresh water and
spend less time there (1l-4 years, but usually not more than 2); and among the
returning adults there is no sharp distinction between grilse and larger fish
(1, 2). BSizes range up to about 25 pounds, with 15 pounds usually considered a
big fish. '

Steelhead are less common than any of the Pacific salmons, though the light
fishery which many stocks experience suggests that the catch statistics do not
do them justice. DPer mile of coastline, they are apparently about as abundant
ag areAtlantic salmon in the east,

Steelhead runsg in different streams may occur in summer or in winter; some
streams have both types. Winter fish are commonest in coastal streams.

The commercial catch of steelhead is taken almost wholly by gill nets, since
the species rarely takes a troll in salt water. The landings in recent years
have been as below (weights are mostly dressed, head-on):

Pieces Pounds
1951 oo 408,200
1952 54,600 508,100
19563 43,100 463,200
1954 53,000 561,900

Largest catches are from the Skeena area; the Fraser yields about 10,000 fish,

However the commercial catch gives little indication of the abundance of
steelhead, for most of the runs occur at places or times where there is little
or no commercial fishery., There is a considerable subsistence fishery by
Indians, using gill nets, dip-nets or gaffs. Its landings would be in the tens
of thousands of fish, but no exact figures are available.

Sport fishermen teke considerable numbers of steelhead in rivers, but again
no comprehensive figures are available. Their fishing is heavily concentrated
on the more accessible lower mainland and Vancouver Island streamg, but it also
extends up such of the larger rivers as are clear enough to fish, especially
the Thompson, Bulkley and Babine. The only figures available for the take by
sportsmen is a tentative estimate of 2,500 caught during the winter of 1948-49

—The-speeies—S.gairdneri can be anadromous—or—can—live-whellyinfresh—



in the Chilliwack-Vedder system (3). The total must amount to some tens of
thousands of fish. Sport fishing success varies greatly with the weather and
with stream conditions. . The take is not related either to commercial catch or
to variable success of steelhead reproduction: in fact, successive year-classes
seem remarkably uniform in numbers (2). '

In the province as a whole, steelhead seem to be relatively lightly fished,
and our estimate of stock is based on 25 per cent utilization by all methods.
From acdcessible streams, however, there is presumably a heavier take. If over-
fishing occurs at all, it is only lpcally where, in addition to some commercial
teke, an intense subsgistence or sport fishery is fishing a rather small river.

1
I

~—Future Prospects

Steelhead are highly valued by sportsmen, but are a very minor part of the
commercial salmon fishery. Hence it seems likely that steelhead will to some
extent be spared commercial use in heavily-populated parts of the province, as
times goes on, except for what are caught incidentally in fishing for salmon.
Accordingly the estimated commercial catch for 1980 is decreased somewhat,
whereas anglers' catches are increased. Maintenance of the future stock implies
no obstructive dams on mejor rivers., ILocal deterioration, as on the Capilano,
will presumably be compensated by intensified management and the opening up of
new reaches of some streams.
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_1954-55, for each gub=district.

PACIFIC HERRING- Clupea pallasgi

Present stock: 395,000 tons Utilization: 190,000 tonsg

Stock in 1980: 395,000 tomns Ubtilization: 260,000 tons

History
Herring have been fished in British Columbia waters since 1877, when =
catch of about 75 tons was made. The largest catch, about 211,000 tons, was
made in the 1983-564 fishing season. In Table I are shown the average catches
by 5-year periods from 1910-11 to 1950=51, and by season from 1950-5l1l to
Records from 1910 to 1916 represent the

fiscal year which includes an entire herring season (October to February),
records from 1917 to 1932 are for the calendar year, while those for 1933-34
onwards are for the herring season. The error introduced in using the calendar
year is not great, as the major part of the fishery had taken place by the end
of December.

Table I. Average catch by 5-year periods from 1910-11 to 1950-51 and
by season thereafter fqr each sub-district, from (1).

Year Queen Nor- Cen- Upper Middle Lower West Total
Charlotte thern tral East Bast East Coagt
Iglands Coast of Coast of Coast of of Van-
Vancouver Vancouver Vancouver couver
Island Island ‘Island Island
1910/11-1914/15 353 3009 3 oo o 20504 1758 27627
1915/16-%920 2 1415 235 oo 197 20152 14053 31608
1921-1925 oo 1773 823 17 221 24318 28936 55787
1926-1930 15 5208 303 16 6l 43780 22599 70982
1931-1935/36 1l 4765 69 75 14 23956 21813 50703
1936/37-1940/41 3400 14560 31580 3760 3320 28060 25720 110400
1941/42-1945/46 500 4420 21600 4700 7090 42940 18180 99420
1946/47-1950/51 630 30350 38L00 5840 12150 39570 44520 171160
1951-52 11200 57300 3RW0OQ 8250 10350 41000 30000 198000
1952-53 185 2184 1090 106 83 8091 2% 11824
1953=54 28550 29750 31650 6650 19600 52660 41350 210210
1954-55 21685 20280 27615 9530 25740 51130 14200 170120

The general trend has been towards a steady expansion of the fishery, pri-

marily in response to market conditioms.,

The most important influences have been

the development and loss of the oriental market for drysalt herring and the deve=-

The oriental drysalt
market opened in 1904 and by 1927, in response to this market, the annual catch

lopment of the reduction industry for herring oil and meal.

had increased to about 85,000 touns.

tween 1927 and 1934-35 the annual catch dropped to 30,000 tons.
of the reduction industry, first established in 1924 ,brought about an increase

from 30,000 tons in 1934-35 to about 100,000 tons in 1936-37. In the period be-
tween the latter season and 1945-46,. the annual catch fluctuated around 110,000

tons,

has remained at that level until the present (3). About 98 per cent of the
present catch is reduced to meal and oil, ‘ ' ‘

As a result of the loss of this market be-
The development

From 1945-46 to 1948-49 thei catch increased to 185,000 - 190,000 tons and



Prior to 1911, fishing was confined mainly to waters off the lower east
coast of Vancouver Island, with a small fishery for bait in the Prince Rupert
area in northern British Columbia., Commercial fishing operations were expanded
to include Barkley Sound on the west coast of Vancouver Island in 1911-12,
areas northwest of Barkley Sound in 1926-287 and waters off the central mainland
in 1936-37, Herring were first taken in numbers off the lower east coast of
the Queen Charlotte Islands in 1938=39, and off "the upper and middle east coast
of Vancouver Island in 1939-40. From 1917 to 1933 the annual catech in the
Prince Rupert area averaged about 3,000 tons, fluctuating chiefly according to
demand. In the following seasons until 1940-41 fishing effort in Prince Rupert
area and Tuck Inlet increased with 20,900 tons being taken in 1939-40 (6).

With the exception of 1941-42, when about 19,000 tons were taken from Khutzeymateen
Inlet, catches declined until 1947-48, when the productive Ogden Channel region
was first exploited. In recent years, only one small stock, that in Skidegate

Inlet on the upper east coast of the Queen Charlotte Islands was fished for the
first time. The substantial increase in total catch since 1945-46 was largely
a result of greater exploitation of regularly fished stocks.

Pregsent Status

From 1947-48 to 1954-=55, the annual herring catch has varied from about
169,000 tonsg to about 211,000 tons, averaging approximately 190,000 tons. The
fluctuations in annual catch are attributed mainly to variations in the relative
strengths of the year-classes contributing to the fishery. Veariations in fish-
ing effort and degree of exploitation have had a relatlvely minor effect, except
in 1952-53.

Little exact informetion exists on the size of the whole British Columbia
herring stock or on the sizes of the various individual populations. The best
information is for the lower east coast of Vancouver Island. Tester (5), from
age composition and catch data, estimated that from 1942-43 to 1951-52 the av-
erage size of this population at the start of the fishing season was about
71,000 tons. During the same period the average catch was about 40,000 tons,
giving an exploitation rate of 56 per cent. Tester's estimate agrees well
with that made by Stevenson and Outram (2), obtained by adding the number of
fish in the catch to the number in the spawning population, estimating the
latter from the number of miles of spawn deposited after the close of the fish-
ing season and the number of eggs and equivalent number of spawners per unit
area.

An estimate of the average size of the population on the west coast of
Vancouver Igland from 1946-47 to 1951-52 can be made by converting into tons
and averaging Stevenson and Outram®s estimate of the numbers of fish present
at the gtart of each season., This estimate is 91,000 tons. During the same
perio 1/ the average catch was 42,100 tons, giving an average exploitation
rate of 47 per cent,

1/

‘/In 1952-53, because of a strike of herring fishermen there was no regular
fishery. The small catch in this year 1s omitted in calculating the average
cateh.,



While no good information exists concerning the exploitation rates in
other populations, indications are that they are probably much the same for
the lower east coast and west coast of Vancouver Island populations = at any
rate not greater than the former (56%). Based on the average rate of exploita-
tion of the above two populaticns (52.5) and on the average total annual catch
of herring from 1947-48 to 1954-55 (omitting 1952-53) the average total of
fished peopulations of herring in British Columbia amounts to 365,000 tons. The
30,000 ton estimate for the west coast of the Queen Charlotte Islands brings the
grand total to 595,000 tons. V ‘

Future Trends
Further increase in the herring catch can come about through:

1) Exploitation of additional stocks. The great expansion of the British Columbia
herring fishery has been achieved through the exploitation of a greater and
greater. number of the herring stocks., A%t the present time all known herring stocks
with one exception are being utilized. This exception is the population on the
west coast of the Queen Charlotte Islands., Herring are known to be present here,
but nothing is known of the size of the population. Judging from the topography

of the coast and the relatively small amount of spawn revealed by an asrial

spawn survey in 1953, this population would appear to be relatively small,

Lacking further information as to its size, it is assumed that this population
econtains 30,000 tons of herring and when fully exploited would yield an annual
catch of not more than 20,000 tons. There is, of course, the possibility that

some cther unexploited stocks will be found.

2) The increased exploitation of stocks now being utilized. One of the results
of the comparative study of the lower east coast of Vancouver Island population,
where rigid cateh quota restrictions were applied, and the west coast population,
where no catch quotas were applied, was that on the west coast of Vancouver
Island in particular, there was no relationship between the amount of spawn de-
posited and the strength of the resulting year-class., Strong year-clagses
resulted as often as weak year-classes from small spawnings and weak year-classes
as often as strong year-classes from large spawnings (4). This finding suggests
that the spawning population could be reduced somewhat and the catch increased,
without ‘endangering future population abundance. While detailed information
does not exist for other populations, no indications have been found to suggest
that a direct relationship between spawn deposition and year-class strength
exists in them. It seems reasonable to assume, therefore, that all populations
can withstand a higher rate of exploitation than at present. In Table II are
shown for each population the present catch quota where applicable, the average
catch from 1947-48 to 1954-55 {omitting 1952-53), and an estimate of the in-
creased sustained catch that it is assumed the population can withstand.

With the full exploitation of all populations the annual British Columbia
herring catch may fluctuate around a level of approximately 260,000 tons,
Because of the greater rate of exploitation, the average age of the fish in all
populations would decrease somewhat, the contributions of older fish would be
reduced and there would be greater dependence on the incoming year-class.
Fluctuations in annual catch might therefore be greater than at present.

Further increase in the herring catch is expected to come about only through
increased and full utilizatlon of all stocks. There appears to be little chance
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Table II, The average catch framn 1947-48 to 1954-55 and the future
estimated sustained catch, by sub=distriet.

Sub-distriet or population Pregent Average catch Assumed

quota 1947-48 1o 1954-55 increased
‘ catch
West Coast of Gueen Charlotte Is, No Quota oo 4 ’ 20,000
Fast Coast of Queen Charlotte Is. No Quota 25,00 25,000
Northern mainland 30,000 36,400 40,000
Central mainland '40, 000 40,100 50,000
Upper Fast Coast of Vancouver 1s, 10,000 6,800 © 10,000
Middle East Coast of Vancouver Is. 10,000 15,300 ' 20,000
Lower East Coast of Vancouver Is. 40,000 43,800 55,000
West Coast of Vancouver Is. No Quotg 38,500 40,000
Total ‘ 205,900 260,000
Average total eatch 187,000

i/ Based on the years 1953=54 and 1954-55 only. Accounts for the
difference between the average total catch and the total of the
average catches.

of increasing the size of these stocks or the size of a year-class at recruit-
ment through remedial or protective measures during early life-history stages.
The strength of a year-class is apparently determined by the success of
survival during the lerval stage. While it might be possible, though not
necessarily practical, to increase spawn survival through protective measures,
it would be impossible to influence survival during the larval stage and hence
to influence year-class strength.

‘ While it is expected that full exploltation of the herring stocks can
be attained within 25 years, future market conditions and new developments in
fish=loecating and fishing methods will have a bearing on this prediction,

A pronounced decrease in the demand for herring meal and oil (which
appears unlikely at the present time) could greatly delay the time of Ffull
exploitation of the stocks. On the other hand, greater utilization of herring
for food purposes (for instance, establishment of a sardine industry) may
quickly bring about full utilization. Almost the entire herring catch is
taken by purse-seines. Less than one per cent is teken by otter trawls,
.gillnets and traps. Purse-geining, when the fish are tightly schooled in rel-
atively shallow water, is such an efficient method of fishing that it is
unlikely that another method will be developed that can compete successfully with
it in fishing such concentrations. A possible exception would be the wide
use of large traps. '

Further improvements in seining methods and in methods of locating fish

can reasonably be expected. Such improvements may result in increased ex-
ploitation with a less than proportional increase in fishing effort, thereby
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providing a greater financial return. The power hauling block developed in the
last two years for salmon seining may be increased in size and modified for
handling herring seines within the next 5 years. This may permit the use of
longer and deeper seines without increasing crew size. Providing existing reg-
ulations on the maximum length and depth of seines are changed; bigger nets
may come into use within the next 5 to 10 years.

Congiderable attention is now being given to the adaptation of the echo-
sounding and horizontal scanning equipment to the particular needs of fishermen.
While the scanning equipment at present on the market has not found ready
acceptance, improvements in design and performance will possibly lead to its
adoption within 5 to 10 years. The uge of such equipment and of improved echo-
sounders should increase the ease with which fish are located, and hence fish-
ing efficiency.

The recently developed mid-water trawl should prove satisfactory for .
taking herring and should be in commercial use within 5 years. While this net
may prove more effective than the purse-seine on small, scattered, or deep
schools of herring it 1s unlikely to be able to compete successfully with the
seine on large, dense schools. Its use, therefore, may not have a major effect
on herring fishing. The mid-water trawl should be capable of supplying steadily,
throughout the open seasgon a relatively small amount of high-quality fish., This
could lead to the establishment of an increased market for herring for human
consumption either as fresh, kippered, smoked, or speciality-pack herring. It
is not now expected that the mid-water trawl, when commercially established,
will take more than 10,000-20,000 tons of herring annually, or about 5-10 per
cent of the total annual catch.
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PACIFIC HALIBUT - Hippoglossus stenolépis

Present stock: 700,000,000 1lb. Utilization by Canada: 24,000,000 lb.
‘ " " others: 38,000,000 lb.

Stock in 1980: 600,000,000 1lb. Utilization by Canada: 45,000,000 1b.
. oo " ethers: 60,000,000 1b.

Long the object of an important subsistence fishery, the halibut is first
recorded as entering Canadian commercial production in 1888. Reasonably complete
statistics date from 1915, which happens to be the high point of the early
fishery, when 19 million pounds were reported. However production started to

decline immediately afterward. Subsequent Canadian catches are as shown below

(2):

Av., catch Catch
Years - {millions of 1lb.) - Year (millions of 1b.)
1916~20 8.9 1951 ‘ 21.0
1921.-25 9.1 1952 24 .8
1926~-30 8.6 19563 25.8
1931-35 8.5 1954 27 .9
1936-40 12,3
- 1941-45 13.2
1946-50 19.9

After the 1915 peak, catches declined because decreasing fishing success
made the fishery less profitable, until digsatisfaction led to formation of the
International Fisheries Commission to investigate and eventually regulate the
halibut fishery. This body, now the International Pacific Halibut Commission,
has carried out these duties down to the present. The Annual Reports and other
Bulletins of the Commission are the source of almost all available information
concerning halibut of the eastern Pacific.

The Commission hag divided the region fished by Canadians into two Areas.
Area 2 comprises the coast from Willapa Harbour, Washington, to Cape Spencer,
Alagka, and most of the Canadian catch comes from this Area. Area 3, which
provided us with nearly 10 million pounds in 1954, extends from Cape Spencer west
to the Aleutian Islands. Both areas are also fished by United States vessels,
which have traditionally taken the larger part of the catch in both Areas, and
st1ll do in Area 3.

- The fishery is mainly by long-lining. The Commission's regulations prohibit
trawling for halibut, on the grounds that too many small fish would be taken.
Trolling is permitted within the season, and many trollers turn their attention
from salmon to halibut at that time.

A11 halibut catch statistics are in terms of gutted head-on weight, and this
unit is employed here.



Area‘z

Present stock: 200,000,000 lb. Utilization by Canada: 16,000,000 lb,
" " US.A.: 17,000,000 1lb,
Stock in 1980: 200,000,000 1b, Utilization by Canada: 25,000,000 1b.
' " ¥ U.S.A.: 25,000,000 1lbv,

History

Catches by Canada and the United States, number of standard units of effort
{6~line skates), and catch per unit effort, are shown below (from 3, 6, 7, 8):

Yearly catch Av, no. of Catch
{millions gkates set per
Years of 1b.) (thousands ) skate
1902, 04, 05 24 .1 0oo PP
1907, 10 50.9 185 275
1911-18 58.8 353 149
1916-20 29.3 326 90
1921-25 28.8 477 60
1926-30 23 .8 535 44
1931-35 22 .3 431 52
1936-40 26 .2 ap7 61
194145 25.3 347 73
1946-50 28,1 314 90
1951 30.6 319 96
1952 30.9 aso increased
1953 33.0 ceo increased

1954 36 .7 coe increased

The catch increased to a maximum in 1912, decreased to 1931, and soon after
was brought under a quota regulation. The quota has been gradually raised. In
1954 Canada took 19.6 million pounds and the United States 17.6 million pounds.

The gear in use (that is, actually set) increased to 1929, declined somewhat
with thé gconomic depression, and since 1932 has been decreasing as cabtch per skate
hag ihcreased faster than the catch quota. On the other hand, the number of
vessels fishing halibut has increased until the fishing season in Area 2 is now
reduced to about a month, whereas formerly it lasted all year.

The catch per skate can be used as an index of the abundance of the commer-
cial stock, but only with important reservations. Chief among these are the
following: 1. In early years the fishing had a spotty distribution; fishermen
were still discovering new banks having rich accumulations of fish and tended to
concentrate on them, so that the catch per skate was relatively too high to
represent total stock (on fishable grounds). 2. One result of the shortening
of the "regular" geason in recent years has been a tendency to concentrate fish-
ing effort on banks nearer port. In an effort to obviate this, and to provide
fishing at the season of greatest availability special areas were opened to
gummer fishing, in 1951-53, and in 1954 and subsequently the season has been divided
everywhers. 3. In general, profitable halibut fishing grounds have always
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been only a small part of the sea bottom of the continental shelf, yet halibut
occur sparsely im much of the unfished area. Hence any decline in abundance on
the fished grounds in a given year is cushioned by reserves of ‘temporarily un-
available fish spread thinly over a much wider area. These dispersed fish are
not a separate population, but move onto the fished banks over longer or shorter
periods of time.

Even allowing for these reservations, it appears that the total commercial
stock of halibut declined a great deal from 1911-15 to 1926-30, though not to
the degree indicated by the catch per skate; large halibut decreased more than
small ones. In recent years there has been an increase in overall abundance,
but the shortening of the season makes it difficult to be sure of its magnitude:
it might be greater or less than what catch per skate indicates, but probably
is somewhat less. No data are published since 1951, but reports are of further

increases in catch per skate through 1954; followed by some decline in 1955,

Pregsent Stocks :

Since the size at which a halibut becomes available to the fishery is vague,
any estimate of the commercial stock must have an equal arbitrariness as regards
the lower size limit. We have chosen to make an estimate by dividing the total
catch in pounds by the rate of utilization of "fully-vulnerable" fish (30 inches
or about 12 pounds, and up).

The most comprehensive and best-reported tagging exper iments on Area 2
halibut were those conducted in 1925 (9). Using only fully-vulnerable sizes,
the adjusted annual rate of recapture for 1926 can be estimated as 40 per cent
on fished banks, and the corresponding continuous or "instantaneous" rate of
fishing is 0.57 (based on a calculation in (5)). TWith the long season prevail-
ing at that time, recruitment probably occurred largely during the time fishing
was in progress. Hence the stock was equal to catch divided by rate of fishing,
or 24,7/0.,57 = 43 million pounds. Howeyer the type of calculation used is such
that this represents the stock only on the fishable banks. A considerable degree
of wandering to more sparsely-population regions is suggested by the experiment:
there is an unacccounted disappearance of tagged fish, amounting to 21 per cent
per annum (0.35 on the instantaneous basis), which apparently represents wander-
ing of tagged fish away from fished grounds. Presumably an equal or greater
movement of fish occurred back onto the banks. Quite posgsibly the total stock
in the Area was more than twice the figure given.

Recent tagging experiments are not yet reported in detail. Preliminary
tabulations in the Annual Reports indicate wide variations according to place
and time of tagging, and it is not yet possible to obtain an overall picture;
but there is no question that rate of fishing has decreased. Another way to
get &t modern conditions i1s to consider rate of fishing as proportional to
gear in use. In 1926, 477,000 skates were fished, while the 1946-50 average
was 314,000; so rate of fishing should have been reduced from 0.57 to 0.57 x
314/477 = 0,38. But since the season is now so short, it is better to convert
this to rate of exploitation (assuming instantaneous natural mortality rate
constant at 0.18) before dividing it into catch. The corresponding rate of ex-
ploitation is 0.29; hence average initial stock in 1946-50 was 28.1/0.29 = 97
million pounds. Again this represents only the stock on the fishable banks.
Trends to 1954 would raise this figure to at least 105 million pounds, which
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can be taken as the best estimate of present stock available on halibut banks
in '‘any given year. Catches by trawlers on the very extensive grounds where
halibut are not densely enough concentrated for long-lining seem to indicate
that the additional "dispersed™ fish would bring the total up to about 200
million pounds.

Future Pro spects

Prediction of the halibut fishery's future depends on dlscoverlng the
reasons for past trends. All are agreed that the supply of fish available has
fluctuated radically since 1910. As for what caused the changes, there have
been three general schools of thought.

1. An analysis and interpretation of the dynamics of the Area 2 stock

was made in 1934 by Thompson and Bell (8). They showed that, with constant
recruitment, the trend of catch and of catch per unit effort would have been
approximately that observed over short periods of time (1918-26 and 1925-33),
as a result of observed changes in fishing effort. This analysis still remains
a classic account of the short-term reaction of a fish stock to its fishery.
Combined with data on rate of growth and natural mortality, it was the basis
for the pollcy of restrlctlng fishing by catch quotas.

However this type of analysis has not provided an adequate background
for interpreting events over long periods. It did not apply to the whole period
1918-33 as a continuous sequence, and even in the shorter period 1925-33, an
excess of observed over expected catch per skate begins to appear on the graphs
in the last two years. After 1935, catch and catch per skate increased much
more than would have been possible with constant recruitment. In other words,
even though much of the increase in catch per skate is a result of permitting
replacement of stock into the older age categories, recruitment must also
have increased, starting in the early 1930's, From a different analysis,
Thompson (7) reached the same conclusion about events after 1945. As a matter
of fact, 1t had already been suggested that increased recruitment might occur
as a possible desirable effect of quotas which would permit a larger accumula-
tion of mature fish (8). In any event, the increase of stock recently has gone
far beyond what could be predicted on the basis of 1918-33 events with constant
recruitment (and growth). Hence this model of the stock cannot provide a
quantitative basgis for predicting future trends until it is brought up to date
in terms of recent growth rates and recent levels of catch and catch per skate.

2. Without affirming any necessary causal relationship, Ketchen (4) has
pointed out that ocean temperaturss were in general decreasing during the series
of years which produced the declining Area 2 halibut stocks of 1915-30, and
in getleral they were increasing over the period which produced the recent improve-
ment (allow1ng a l0-year lag between hatching and time of meximum contributions
to the fisheryby a year-class). We do not yet know whether temperature changesg
of the magnitude observed affect the survival of halibut eggs and larvae. However,
on’the'hygothesis that they do, and that temperature has been the most important
cause of changes in abundance, the prognosis for the immediate future is a sharp
decrease in gtock-=though not necessarily in catch. The pertinent air and sea
temperatures started to decline in 1943, continued to do so through 1950 or 1951,
and have risen slightly since. The minimum of 1950 was almost as low as the
minimum temperature of 1921 which corresponds to the minimum catch per skate
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about 1930. On this basis we should anticipate a new decline in Area 2 halibut
stocks up to 1962 or so, then the start of an increase.

%, Analyses of Baranov, Graham, Schaefer (6) and others show that a fish
stock will not produce its maximum yield until its abundence (or at least that
of the mature individuals) is reduced considerably below the original natural
state. This increaged productivity at reduced density may be accomplished
partly by improvement in growth rate, possibly in part by reduced natural mort-
ality among the commercial stock, but principally by increased recruitment
resulting from increased survival of eggs,fry and young. Thus a decrease in
mature stock from a high unfished level produces first an increase in recruit-
ment., Where, exactly, the point of meximum recruitment occurs must be dis-
covered by observation for each individual stock. Tor some fisheries it has
been fourd to occur only after the mature population is at much less than half

of its original numbers.

Thug it ig pertinent to examine the hypothesis that the recent improvement
in halibut abundance is the result of increased recruitment from the lowered
level of stock which existed durlng the 1920'g and 1930's. Since the excess
increase of catch per unit effort began in 1932, the increase in recruitment’ should
have begun with the spawning of about 10 years earllero In 1922 the Area 2 °
halibut availability first fell below 70 pounds per skate, and it did not rise
to that figure again until 1943, after passing nadir in 1930. Hence the period
of increased recruitment would last until 10 years after 1942, or one or two
years more 1f the increased average age of the stock is taken into atcount. The
further consequence of this hypothesis is that, since 1942, abundance has been
above the level which gives maximum recruitment, and that a decrease in the Area
2 stock may be expected to begin immediately.

Comparing the three analysis above, Nos. 2 and 3 both predict an impending
decrease in Area 2 stock (not catch) on the basis of past trends. Since they
do this on very different grounds, the fact that they agree is no recommendation
for either, if perhaps not a detraction. Analysis No. 1 cannot be used to pre-
dict the future until it is brought up to date.

Recent regulation policy has been to increase quotas cautiously, and no
better empirical approach can be suggested. If there are no major changes in
geason, in quota,or in fishing effort during the next few years, it will be
possible to test hypotheses 2 and 3 rather decisively: if a progressive decline
in catch per skate fails to appear, then neither of them is applicable. The
opposite result, unfortunatelyq would not provide a bagis for choice between 2
and 3, at least not for many years. However the practical measure which each
suggests would be the same: & moderate increase in rate of exploitation. On
hypothesis 2, this would be simply for the sake of catching the fish produced by
favorable oceanic conditions while they are available (near the maximum bulk
for each brood), and before they get too far into the slow-growing years of
maturity and senescence. On hypothesis 3 this consideration would algo.spply, but th
more important purpose would be to reduce the mature stock and to maintain it
cleoser to the level which permits maximum recruitment.
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Although there exists this uncertainty in respect to the dynamics and the
best level of stock for Area 2 halibut, the long-term prospects are falrly good,
An empirical approach would probably anticipate a catch in the immediate future
somewhat greater than the 1951-bH4 average, possibly about 35 million pounds per
year. The No. 3 hypothesis suggests thet sustained yield might be substantially
. greater than that--perhaps by half or more. The ocean-temperature hypothesis

predicts declining supplies in the near future, but suggests an increased rate
of utilization which would tend to compensate for this.

Our best 5uess'is that in 1980 the catch will be 50 million pounds, somewhat
greater than the 1954 high of 37 million, and that it will be teken from about
the same size stock as now exists., The division of catce¢h between Canada and
the United States is predicted on a 50:50 basis. However there is no legal
necesgity for this, Canada is more favorably situnated to harvest a majority

of the Area 2 banks, and her share of the catch has tended to increase in
recent years, and in 1954 1t exceeded the United States catch by 2 milliom
pounds.



Area 3

Present stock: 500,000,00Q 1b. Utilization by Canada: 7,500,000 lb,
" ®  others: 21,300,000 1b.

Stock in 1980: 400,000,000 1b. Utilization by Canada: 20,000,000 lb.
" * others: 35,000,000 lb,

History | _ .

" The fishery west of Cape Spencer began about 1910, but developed quickly
and reached 22.1 million pounds in 1914, Catches by Canada and the United
States, fishing effort, and catch per unit effort are shown below (from 3, 7, 8):

kv, no. of

Av. catch skates set Catch per

(millions of 1b,) (thousands ) set
1915 28.7 89 266
1916=20 14.5 75 153
1921-25 20.5 167 7 126
1926-30 28.8 364 78
1931-35 ‘ 22,6 271 82
1936=-40 24 .2 . 232 112
1941-45 27.4 209 134
1946-50 28.8 255 113
1951 ' 25.4 eoa (113)
1952 31 .4 oon increased
1953 27,1 0o increased
1954 33 .8 . increased

Canada's share of the catch has risen gradually, and in 1954 it was practically -
10 million pounds out of a total of 34 million pounds.

Ag in Area 2, the fluctuations in fishing success reflect the change in
stogk on the'gboﬁnds, but in an exaggerated form: especially in the case of
the abrupt decline in catch per skate from 1915 to 1918. A special feature of
the Area 3 picture is a second small dip in catch per skate .between 1944 and
1948, followed by a renewed rising trend.

As elsewhere, much of the original decline in catch per skate can be

attributed to the removal of accumulated older stock, which is an inevitable
consequence of starting a fishery.

Présent Stock

In 1926-27 tagging experiments in Area 3 were concentrated on winter
gpawning fish, and gave a rate of utilization of about 10 per cent. It has
been suggested that this wasg probably too low to be representative of the
whole stock, or at any rate of stock present on the summer fishing grounds,
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Preliminary reports on recent taggings show low returns: from 2 per cent up to
about 5 per cent at most, per year. These presumably include some fish too
small to. be completely vulnerable, and no breskdown by length is available. Nor
is it possible to correct these figures for wandering of the fish away from the
fishable grounds. However, comparison with corresponding figures for Area 2
indicates that the present rate of utilization.. of halibut over 12 pounds weight
in Area 3 cannot be greater than 10 per cent per year on the fished grounds.
Thus the present stock on fished grounds would be about 10 times the average
catch of recent years, or 290 million pounds. The total stock is likely to be
more than half as much again, or say 500 million pounds.

Future Prospects

— The same three analysis and hypotheses as discussed for Area 2 must be
. considered in Area 3. ‘

1. The original analysis on the basis of constant recruitment by Thompson
and Bell (8), described the period 1920-29 fairly well. The balance of growth
rate and natural mortality rate then indicated that with constant recruitment
a greater catch would come from more fishing:; however Area 3 as well as Area 2
has besn managed so as to increase catch per unit effort by decreasing fishing.
In recent years evidente has been obtained that the rate of growth used for the
earlier analysis was too small to be representative (1953 Annual Report).
However no general reassesgsment of the theory of menagement has yet been
published.

2. In 1948 Burkenroad (1) suggested that fluctuations in Area 3 halibut
abundance resulted from trends in recruitment which are determined by éhanges
in the oceanic enviromment. This was proposed partly on general grounds, because
gtocks of other ocean fishes, especially those having pelagic eggs, often vary
for this reason, and the halibut nsed not be an exception. More' specifically,
he pointed out that in the early development of the Area 3 fisherys the removals
by fishing were many times too small to explain the apparent decline in abundance--
as indicated by catch per skate--especially from 1915 to 1918. While the mag-
nitude of this discrepancy can be consgiderably discounted if we allow for inade-
quacies of catch per skate as an index of abundance, it seems fundamentally a
gound observation. However Burkenroad had no basis for predicting future
changes, other than a very tentative suggestion that a 34-year cycle might op-
erate and trends to date do not indicate it.

Ketchen's {4) temperature trends are related to catch per unit effort in
Area 3, even better than they are in Area 2. (The lag which he uses in 12 years,
corresponding to the greater mean age of halibut in Area 3.) In particular,
the recent depression of fishing success from 1944 to 1948, and subsequent rise,
parellels a gimilar dip in February-April air temperatures at Massett 12 years
earlier. The immediate future will provide a test of the possible significance
of this coincidence, for the temperatures reached a peak in 1942 and declined
sharply to 1950, On this basis, a decrease in catch per skate would be expected
to start about 1954.

3. No attempt will be made to work out for this Area the details of the

behaviour of catch per skate, assuming an inverse relation between stock and
recruitment. In general, it would be much as in Area 2; however this approach

-8 -



could not explain the 1944-48 dip and subsequent rise in catch per skate. In
general, of course, both effects of environment and effects of density are likely
to influence reproduction: that is, effects 2 and 3 might well operate con-
currently, and of course 1 must play a role too.

Balancing the present inadequate information as well as possible, we con-
gider that in future some increase in rate of exploitation and decrease in stock
size will be desirable in Area 3, and that this will permit appreciably greater
yield. Accordingly the stock estimate for the future is a decrease to 400
million pounds, while rate of utilization from fished banks is increased to
about 14 per cent psr year, giving a yield of 55 million pounds yearly to the
two_countries.

for Area 2. However the cooler temperatures in Area 3 imply a smaller rate of
production of surplus stock for the fishery. In addition, because of the longer
distance from markets, profitable fishing in Area 3 requires denser concentrations
of fish, even if this might mean some sacrifice of total yield.
i

We emphasize that these are only our best guesses: a more conservative
evaluation could put the 1980 catch at a figure no greater than the present 30
million pounds, and if an unfavourable ocean climate were to develop it might
become even less.
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GROUNTF ISH

Introduction

Along the British Columbia coast the fishery for groundfish involves at
least 30 species of demersal fish, which as a group exclusive of the halibut
contribute an average of 52,000,000 pounds to the annual production (1950-54).
Canada‘’s share is obtained largely in competition with United States vessels
in international waters and averages 23,000,000 pounds or roughly 50 per cent
of this total.

The bulk of the catch is derived by otter-trawling, a method of fishing
which came into prominence in the Pacific area during World War II. The

lining.

Forecasting of productive potential and yileld in the next 25 years is made
difficult by the fact that following initiel expansion of the fishery, pro-
duction of individual species has failed to stabilize. In the brief history
of the fishery, emphasis has shifted from species to species and from bank to
bank as the accumulated stocks have been removed. Much of the ingtability
can be attributed to unstable markets., Demand varies not only from year to
year but from species to species, and with differing effects on the fishing
activities of the Canadian and American fleets,

Superimposed on the economic factors, and perhaps dominanting them in
the case of some species, are fluctuations in abundance. The causes have not
as yet been accurately assessed. Detailed knowledge of the population
parameters of many of the gpecies is still lacking, and this adds to the dif-
ficulty of establishing a sound basis for prediction.

There is prima facie a good case for believing that a greatly increased
yield of foodfish, say three to four times the present production, could not
be sustained. The fishing bvanks along the British Columbia coast are rel-
atively small in size and all are now within the general working range of the
Canadian and United States fleets. Recent expansion of the fishery to deeper
water and increased interest in species of lower quality, concomitant with
decliring yield of the more highly prized species, gives added weight to the
suggestion that the present yileld is approaching the productive potential,
at leagt in so far as foodfish for human consumption are concerned.,

The situation is by no means the same for all species, and thus, in giving
an account of the current state of the stocks and prospects for future increases
in production, each species deserves separate consideration.

Summary of Estimates

The estimates presented in Table A are in general based on the following
assumptions: (1) that there will be an increase in demand for all species of
groundfish, (2) that there will be no radical changes in fishing technique or
processing methods which would alter greatly the existing market limitations
on the. sizes of fish which can be utilized, (3) that internaticnal management
will lead to some rehabllitation of stocks which are now being, or may soon be,
overfished and (4) that reversal of the current climatic trend may lead to
improved envirommental conditions for the survival of certain species.




Discussions of factors which could meke these assumptions untenable are
given under individual species, scme of these can have serious effect on the
varicus predictions, not only of total yield, bht of Canada's share in the

yield,

The present yield of groundfish utilized for human consumption is estimated
The estimated 1980 yield 1s somewhat less than

at about 47,000,000 pounds.
double this amount, nemely 84,000,000 pounds,

Canada’s share, while at present

only 44 per cent of the total production, could be increased to 55 per cent
through increased fishing effort, with particular emphasis on those species
which under present conditlons cannot be exploited profitably by the United

Stafteso

~ The present rate of exploitation for all foodfish stocks combined is
estimated as 47/372 = 0,126 (instantaneous rate) dr 12 per cent per annum.
~ This is believed to vary from as low as 8 per cent in some species to as
— high as 27 per cent in others. The rate of exploitation in 1980 might reach
 84/336 = 0.25 (instantaneous rate) or 22 per cent on the average, but ranging
From 10 per cent to 39 per cent depending on the species.

Inclusion of estimates of the production of animal food and meal would
raise the total yield of groundfish to 156,000,000 pounds by 1%80.
should happen, Canada's share would probably amount to 70 per ¢ent, the reason
for this being that Canada is in a better position to launch a large-scale

reduction industry.

If this

The average landed value of the Canadian catch of groundfish in the 1950-

54 period was about $1,250,000,
the predicted Canadian catch by 1980 would be about $4,000,000.

On the basis of existing prices, the value of

However, as
increased exploitation presupposes increased prices paid to the fishermen, the
value. of predicted landing would probably be considerably higher, perhaps
$5,000,000 to $6,000,000,

- Table A, General summary  of the stock of groundfish along the British Col-
umbia coast; present and future utilization.,

Millions of pounds

Present Stbck

Utilization by Canada

Utilization by U.S.A

Total Utilization

stock in Presgent in Present in Present in
Species 1880 (1950-54) 1980 (1950-54 ) 1980 (1950-54) 1980
Lemon Sole 15 12 2.8 4 1.3 1 4,1 5
Brill 15 D% 1.5 3 3D 7 5.0 10
Rock Sole 40 30 3.2 7 0,5 2 367 9
Butter Sole 25 28 1.0 5 0.0 0 1.0 5}
Dover Sole 40 35 0.7 4 0.6 4 1.3 8
Gray Ceod 53 45 4,6 10 6.2 15 10.8 25
Lingcod 120 100 3.9 7 2.3 3 Gom 10
Rockfish-10spp. 30 20 0.9 1 8.1 2 9.0 3
Blackceod 14 20 1.3 2 2o7 3 4,0 5}
Other fish
10spp. 20 20 0,7 2 0.9 2 1.6 4
Total v
Foodfish 372 336 20.6 45 2601 38 46,7 84
Animal Food 40 30 204 7 1.0 5 v Bok 12
Meal and Liver
(Dogfish ) 600 800 1,0 50 0.7 10 Lo5 60
Total all ' L ‘
Species 1012 1160 AJ 24,0 102 27 .8 B3 51,8 156
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LEMON SOLE = Parophrys vetulus

Present stock: 15,000,000 1lb, Utilization by Canada: 2,800,000 lb.
w ® others: 1,300,000 1lb,

Stock in 1980: 12,000,000 lb. Utilization by Canada: 4,000,000 1b,
" ® others: 1,000,000 1b,

History ,
"The fishery for lemon sole is entirely by means of the otter-trawl. It

began in the Strait of Georgia prior to World War I as a small operation on
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, banks close to Vancouver. A fishery by three st#eam trewlers—began-in Hesate —

Strait during that war but it was short-lived. During the 1920%s and 1930°'s

the fishery was confined almost entirely to banks within the Strait of Georgias,

and remained at a low level supplying the local fresh fish demsnd. About 1940

the trawlers began to extend beyond the Strait to banks along the west coast

of Vancouver Island, OSubstantial increase in the landing of lemon sole, however

came about only with the re-swakening of interest in the fishing grounds of

northern Hecate Strait. This occurred towards the end of World War II with the

great development of the market for fresh and frozen fillets.

Ag shown in the following table, lemon sole landings by the Canadian
fleet during the 1930%s aversged only half a million pounds annually. By the
1946-50 period, however, the average was close to two and a half million pounds,
with a peak production of 5.4 million pounds in 1950.

Average catch in

Years thousands of pounds
1931-35 400
1936-40 530
1941-45 1180
1946-50 2478
1951 2158
1952 - 2537
1953 2340
1954 1472

Since 1950 the catch has varied between 1.5 and 2.5 million pounds.

Estimates of the total catch by area and total ¢atch for the British
Columbia coast are shown for the period 1948-54 in Tgble A. These include
records of catches by United States trawlers from grounds off the west coast
of Vancouver Island and in Hecate Strait as obtained from unpublished records
kept by the Washington State Fisheries Department.

The average annual yield from Canadian territorial waters in the 1948-54
period was about 0.5 million pounds. The international fishery of Hecate
Strait has yielded 2.8 million pounds on the average, with Capada's share av-
eraging 1.9 million pounds or 68 per cent. OFff the west coast of Vancouver
Island the average catch has been about 0.6 million pounds, of which Canada
has taken on the average about 17 per cent or 0,1 million pounds.



Table A, 7Yield of lemon sole by Canadian and United States otter-trawlers
from various regions along the British Columbia coast.

Cateh in thousands of pounds

Inshore grounds . Offshore grounds
Year Cenadian Hecate Strait Other Areasr Total
Canadian U. S. A, | Canadian U, S. A, yield
1948 336 1656 537 52 575 5156
1949 326 1274 1084 85 . 603 3372
1950 429 4780 1000 181 487 6847
1951 660 1428 829 70 s A7LY
1952 815 1546 1399 176 481 4427
1953 bl4 1736 478 90 383 3151
1954 571 778 840 123 94 2366
Averagg 521 : 1885 881 109 468 3865

*Includes Cape Scott and the west coast of Vancouver Island.

Present Status

For the present purposes the lemon soles occurring off the British Columbia
coast can be divided into three main stocks--one in the Strait of Georgla, one
in Hecate Strait and one along the west coast of Vancouver Island.

Strait of Georgia. Tagging of various populations in this area, and in- .
formation on mortality rates, suggests that the adult stock is subjectsd to an
annual rate of exploitation of at least 25 per cent (instantaneous rate of O 29),
Since the average annual yield is 0,52 million pounds, the stock of adult flsh
is estimated as 0. 52/0.,29 = 1.8 million pounds.

Hecate Birait. A population study conducted in 1950 suggests that the
gsize of the vommercial stock is of the order of 9 to 12 million poupds (13).

West coast of Vancouver Island. Little is known of the stock in this area,
except that it 1s of small size and that it mingles to a certain extent with the
large stock which inhabits grounds off the United States {Destruction Island and
Umatilla grounds). The body of fish inhabiting the Vancouver Island grounds
(including Cape Scott) probably does not exceed one million pounds.

Thus, the total commercial stock of lemon sole along the British Columbia
coast is about 15 million pounds.

Future Trends

In preliminary investigation it appears that the lemon sole gtock of the
Strait of Georgia cannot sustain a much greater yield than that which it is
now providing (ca. 0.5 million pounds per year). By maintaining scme measure
of control over fishing effort it should be possible to keep the catch at this
level in the next 25 years. However, this may be undesirable since the reg-
triction might lead to inefficient utilization of other species. In theory,

-9 =



a greater yield of lemon sole could be achieved by utilizing fish of smaller
size, providing an adequate spawning stock is maintained (12), but under
existing methods of processing this is not feasible economically,.

On the Hecate Strait grounds the rate of exploitation is about 20 per
cent and the minimum size tolerated by the market is considerably greater than
that in the Strait of Georgia. Preliminary study suggestz that the stock could
stand an annual removal of approximately 4 million poundsg with the existing
minimum size, and possibly 6 million pounds if the minimum size were lowered to
that which prevails in the inshore fisghery.

Canada's sharé of this catch would depend on the extent of United States
 interest in the Hecate Strait area. If, in the next 25 years, international

agreement—should be-reached—onthe extension-of territorial-limits, then the —
United States would be denied access to the more productive lemon sole areas

of Hecate Str~nit., Otherwise, Canada's share is not likely to rise much above

70 per cent or 3 te 4 million pounds per annum.

, Water temperatures are known to have an effect on the survival of young
lemon soles in.Hecate Strait (17), and hence govern the size of the adult
stocek. in that area. There is no way of saying at ‘the present whether the
present low temperatures (which favour survival) will be maintained during the
next 25 years. If temperatures remain in the same range as they have in the
past six years continued good survivael can be expected., If they become much
colder, or if they return to the high level reached in the early 1940's
survival can be expected to decline. This would be expected to reduce the
size of the adult stock, possibly to less than half its present level.

On other international fishing grounds the stocks are relatively small
and any change in their present sizes 1s not likely to influence greatly the
future total production. However, a greater yield could be achieved if
Canadian trawlers were to compete with the United States fleet on grounds just
off Cape Flattery. But it is unlikely that the yield from these other off-
shore grounds could be increased beyond one million pounds.

While there is a remote possibility that Canadian production of lemon
sole could exceed 7 million pounds per year in the next 25 years, a mpre
realistic estimate would be about 4 million pounds. This is based on the
assumption that Canadian production from Hecate Strait will be increased,
but still in competition with the United States, and that production from
other international stocks and from Strait of Georgis stocks will remajn much
as at present.



BRILL - Eopsetta jérdani

Present stock: 15,000,000 1lb, Utilization by Canada: 1,500,000 1b,
" "  others: 3,500,000 1lb,

Stock in 1980: 32,000,000 lb, Utilization by Canada: 3,000,000 lb,
"

" others: 7,000,000 lb,

History

The fishery for thig flatfish takes place almost entirely in international
waters. It began in the middle 1930%s when United States trawlers started
fishing off Cape Flattery (8). Canadian vessels appeared on grounds off the

lower west coast of Vancouver Island about 1938, but did not become active
participants in the fishery for brill until the early forties. During the war,
. vegssels of both countries began moving farther and farther northward along the
British Columbia coast, reaching Queen Charlotte Sound and Hecate Stralt around
1944-45, Production by Canadian trawlers reached a peak of 7.7 million pounds
in 1948, mainly through the discovery of dense concentrations on banks in middle
Hecate Strait. Following that year catch and catch/effort deeclined on nearly
all grounds along the British Columbia coast. By 1954, as shown in the follow=
ing table, the Canadian catch was less than a million pounds, and in 1956 it
reached 0.5 million pounds, the lowest point in over a decade. '

Average catch in

Years thousands of pounds
1931-35 oo

1936=40 a5

1941-45 430

1946-50 ke

1951 15856

1952 1828

1953 1049

1954 - 941

Goncerning the total yield from the British Columbia banksz, little is
known for the years prior to 1948, sinece United States landings of flatfish
were recorded neither by area nor species before that dats. The division of
the catch between Canadisnt and United States trawlers for the period 1948=54
ig shown in Table B. Between 1948 and 1954 the total yield declinef from 13.2
million pounds to 4.2 million pounds. The catches of the last two or thres
years would bhave been much lower had not the United States fleet diascovered
and exploited dense concentrations of gpawning fish in deep water along the
west coast of Vancouver Island. To date the Canadian fleet has not participated
in this fishery, which occurs during the winter months,

In the 1948-=54 period the Canadian share of the total cateh has averaged
about 41 per cent or 2.6 million pounds. But in the last two years it has
amounted to only 20 per eent to 30 per cent. The Canadian share of the Hecate
Strait and Queen Charlotte Sound catch has dsclined very sharply bvecause of
the failure of the brill to re-appear on the northern Hecates Sirait grounds.

The United States fleet on the other hand has been concentrating on the
southern part of the Strait and on the Goose Island and Cape Scott grounds where
Canadian vessels have been unable to compete effectively.



Present Status

For present purposes the brill inhabiting the British Columbia coast will
be regarded ag belonging to one stock. This is not entirely itrue, since there
is strong evidence that populations which frequent north coast banks (Hecate
Strait and Queen Charlotte Sound) during the summer months spend the winter
months off the west coast of Vancouver Island (3). Those summering off the
west coast of Vancouver Igland appear to spend the winter off the coast of the
United States.

Table B, Yield of brill {(petrale sole) by Cenadian and United States
trawlers from banks along the Britisp Columbia coast.

Catch in thousands of pounds

Year W. Coast of Vancouver Island. . Hﬁeate'Strait* Total

Canadian U. 8, A, Canadian TS Ao yield
1948 1459 32560 6163 23381 13203
1949 1329 1964 1956 2560 7809
1950 1411 1980 633 2079 6103
1951 826 2152 756 1436 BL70
1952 1469 1311 360 1573 4713
1953 873 1012 175 1319 3379
1954 844 ' 2285 91 10580 4220
Average 1173 1985 1448 1765 6371

T

* Includes Cape Scott and'@ueen Charlotte Sound.

Two factors make it difficilt to assess the present stock level. In the
first place, efforts to determine rates of exploitation have been frustrated
by the fact that the brill is highly migratory and seemingly erratic im its
availability to fishing gear. Secondly, to judge from cateh/effort records
the stock is undergeing a rapid decline in gize (2), and this dynamic situaticn
complicates description of the stock.

On the important grounds off the west coast of Vancouver Island the catch/

effort in 1954 according to various estimates wag 42 per cent to 47 per cent

of its value in 1948, In this same period the total catch declined to 32 per
cent of its 1948 value, but this is less reliable as an indication of the change
in stock size. There is some basis for assuming that the annual rate of ex-
ploitation was about 20 per cent during the years when the brill was exploited
in the spring and summer months only., With the advent of the winter fishery
. the annual rate has probably increased to 25 per cent. The catch in 1954 was
4,2 million pounds and one million pounds of this was taken in the winter
fishery. If we agsume that the summer catch of 3.2 million pounds was taken

at a rate of 20 per cent (ingtantaneous rate 0.22) we obtain a stock estimate

of 3.2/0.22 or 14.5 million pounds, On the basis of the decline in catch/effort
in the 194854 period, the stock in 1954 was only about 45 per cent of that
present in 1948. Hence, the 1948 stock is estimated as 32 million pounds.

Future Trends i 4

It will be difficult to predict svents of the next 25 years until a
" satisfactory explanation can be obtained of the current decline in abundance.
In the years since 1948 there has been poor, 1f not negligible, recruiiment of
young fish to the stock., This is believed to be the main cause of the present
decline in abundance. However, it is possible that the situation is being
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aggravated by overfishing of the adult stock. While it is theoretically
possible that overfishing of the adult (spawning) stock has been the cause of
the decline in recruitment, this is not regarded as being likely.

If the current rate of exploitation (estimated to be about 25 per cent
with the inclusion of the new winter fishery) is not too severe, and if
recruitment returns to "normal®™ in the next decade, then it is possible that
the annmual yield will return to the magnitude of that in 1948 (about 13
million pounds). In view of the slow growth rate of the brill, it is probable
that a rate of 20 per cent is more likely to produce the maximum sustained
yield. This may be about 10 million pounds. On the basis of existing fishing
practice, Canada's share might amount to 3 million pounds, ennually. Howsver,
improved market conditions and more active competition with the United States

e fleet-on-the banksin Queen—Charlette Sound-might—inerease-Canada’s—share—to—
4 or 5 million pounds.

There is, howsver, no assurance that recruitment will improve in the
immediate future, and hence that the stiock will return to its 1948 level.
As long as the population remains in its depressed state, a yield of much in
excess of 3 million pounds is probably undesirable. At the current level of
competition, this would give Canada an annual share of little more than cne
million pounds. Of course, 1f it becomes ‘impossible to keep the catch to 3
million pounds, through lack of international control, then the ewventual
annual yield will probably be very much lower.



ROCK SCLE - E§pidopsetta bilineata

Present stock: 40,000,000 1lb, Utilization by Canada: 3,200,000 lb.
v ®  others: 500,000 1b,
Stock in 1980: 30,000,000 1lb, Utilization by Canada: 7,000,000 1lb.
" "  others: 2,000,000 1lb,
History

The history of the trawl fishery for rock solé is somewhat similar to that
of the lemon sole. In the period between the two World Wars the annual yield

year. This was taken almost entirely on various small banks within the confines
of the Strait of Georgia. It was not until the middle years of World War II
when trawlers began to take an interest in the grounds off the north coast

(Queen Charlotte Sound and Hecate Strait) that there was a substantial increase
in production of rock sole. Between 1943 and 1947, the Canadian catch rose

from 0.5 million pounds to 2.6 million pounds, and then, after a brief recession,
rose to a new peak of nearly 6 million pounds in 1952. Almost all of the
Canadian catch has been taken on the Hecate Strait grounds.

The trend of the Canadian fishery is shown in the following table.

Average catch in

Years thougands of pounds
1931-35 110
1936-40 100
194145 : 557
1946-50 1929
1951 3548
1952 5955
1953 , 1851
1954 2588

Table C shows the division of the catch by major areas along the British
Columbia coagt and the way in which it has been shared by the Canadian and
United States trawler fleets. The Canadian catch in the 1948-54 period aver-
aged about 2.85 million pounds, which represented nearly 88 per cent of the
total yield. Because of marketing difficulties the United States fleet con-
tinues to show little interest in the rock sole resource of British Columbia.

Present Status

On the bagis of tagging studies and mortality rates revealed by age
composition, it is estimated that the stock of rock sole in Hecate Strait
during the late 1940's was in the neighbourhood of 20 million pounds. However,
between 1947 and 1955 there has been a marked increase in catch/effort, at
least part of which can be attributed to increased abundance resulting from
the passage of several strong year-clasges through the fishery. If all the
increase in catch/effort can be attributed to this increased recruitment, then
the present stock is probably in the vicinity of 40 million pounds. However,
allowing for other factors which may have contributed to the increase in fish~
ing success, a conservative estimate of the present stock would be 30 million
pounds.,

remained at a very low level, probably not exceeding O.l-million pounds per . . ...



Teble C. Yield of rock sole by Cangdian and United States trawlers
from banks along the British Columbia coast,

Cateh in thousands of pbundﬁ

Inshore grounds . Offshore grounds '
Year Canadian Hecate Strait Other Aresst Total
Canadian U.S.A. | Canadian TS oA, yield
1948 27 2064 171 44 17 2423
1949 63 1520 ’ 3L 95 14 1723
1950 107 1918 75 152 29 2281
1951 137 3230 331 181 69 3948
1952 . 117 5663 1101 175 166 VY]
1953 60 1713 310 78 23 2184
1954 109 2228 420 251 1 3009
;Average . 89 2619 348 139 60 3256

*Includes Cape Scott and west coast of Vancouver Island.

Little is known of the stock in Queen Charlotte sound, but it is suspected
that the stock size does not exceed 10 million pounds. In all other areas of
the coast the stock is probably no greater than 2 million pounds. Thus, the
total stock on British Columbia grounds is estimated to be about 40 million
pounds., '

Future Trends . .

' Tegging results suggest that the present rate of exploitation of the rock
sole stock of Hecate Strait and Queen Charlotte Sound is 10 per cent or less.
Preliminary investigation suggests that the rate could be doubled or even
'trebled without endangering future yield. This would produce annual catches of
9 to 13 million pounds. Other areas might account for an additional 0.5 million
pounds, under the current gsize regtrictions used by the trade. DBut whether or
not this could be achieved might depend on the development of gear which could
be employed on large sections of the banks where the bottom is too rough for °

existing types of trawls.

There is fair evidence from age composition that the rock sole has a high
natural death rate (ca. 40%) and that a greater yield could be sustained
through exploitation of the species at an earlier age. Under such conditions
yield approaching 15 million pounds are probably within reason. Yet, barring
the posgibility that the species could be utilized effectively in a large-scale
reduction industry, there are market problems which even 25 years from now
would present obstacles to full utilization. In the first place, the fillet
yield from rock sole is relatively low in comparison with other flatfishes.
Secondly, . the species does not appear to keep well in the holds of vessels
for any length of time. These factors limit the profit of fishing and restrict
the fishery to vessels which have no great distance to travel to port. They
probably account for the lack of interest by the United States fleet in the
rock sole stocks of northern British Columbia. Of course, improved processing
techniques could change the picture very quickly,

The strengths of rock sole year-classes appear to be related to water
temperatures {as in the case of the lemon sole). The above mentioned pre-
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dietions of yield are based on existing stock levels and on the assumption that
the present climatic condition will prevall for the next 25 years. Such ig
probably unlikely. Any further decline in temperature would result in an in=-
crease in the stock and probably a southward extension of its present commercial
range, On the other hand, a return to the conditions which prevailed about
1940 is likely to cause a decline in the stock (16). At present it is not
possible to predict in a quantitative way the changes in stock which might
result under such changes in climatic conditions.




GRAY COD - Gadus macrocephalus

Present stock: 53,000,000 lb. Utilization by Canada: 4,600,000 lb,
" ® others: 6,200,000 lb,

Stock in 1980: 45,000,000 1b. Utilization by Canada: 10,000,000 1b.
" " others: 15,000,000 1b,

History
The Canadian fishery for gray cod began in the Strait of Georgia around
the time of the first World War, but because of its low market value it was

—not-—pursued—extensively or-consistently.—Between 1927 -and-1940-annual—cateches—————

rose somewhat irregularly from less than 100,000 pounds to more than 1 1/2
million pounds, mainly as a result of increased local demand. During World
War II there was little or no increase in the demand for gray cod, which is

in contrast to the higher-priced groundfish. However, the demand increased
sharply in the 1950'g, to such an extent that the gray cod is now the dominant
species in the trawler landings. A similarly late development of interest in
the gray cod is noted in the trend of United States landings. This has
stemmed in part from the increased demand produced by "fish stick®™ industry.
But the decline in abundance of other more desirable species may also have been
a factor. There is also some suggestion that the gray cod may have increased
in abundance within the past decade.

The trend in the Canadian catch of gray cod is summarized in the follow-
ing table:

Average catch in

Years thousands of pounds
1931-35 781
1936=40 1480
1941-45 1203
1946-50 1952
19561 5678
1952 4913
1953 3454
1954 5700

Table D showg that the average total yield of gray cecd from grounds
along the British Columbia coast was 9 million pounds per year in 1948-54,
In the 1951-54 period alone, the catch averaged close to 12 million pounds,
The Canadian share has averaged about 40 per cent of the total production,

Present Status

' ‘Precise information on the rate of exploitation of the British Columbia
stock of gray cod is lacking, since tagging studies have been limited to

small and probably unrepresentative populations. On the Strait of Georgia
grounds where the fishing effort is intense, seasonal rates as high as 30
per cent.have been computed (10). For present purposes it is presumed that
the rate in the 1951-54 period with respect to all fishing grounds has aver-
aged close to 20 per cent per annum (instantaneous rate 0.22). During this
period the average yield was 11.7 million pounds. Hence the stock is estimated
as 11,7/0.22 or 53 million pounds.




Table D, VYield of gray cod by Canadian and United States trawlers
from banks aleong the British Columbia coast.

T

Catch in thousands of pounds

Inshore grounds Offshore grounds
Year Canadian Hecate Strait Other Areas™ Total
' Canadian U.S.A. Canadian  U.S.A. yield
1948 350 308 1922 375 2171 5126
1949 746 591 2454 552 1004 5347
1950 1497 ’ 1066 2903 478 1357 730L
1951 1565 3244 3397 B9 2172 11247
1958 1716 1950 4880 1247 2697 124990
1953 1817 - 582 3627 1085 5561 7632
1954 1993 1685 7254 C2022 2568 15522
Average 1383 1347 2778 943 1790 9095

*est coast of Vancouver Island.

Despite the high rate of removal from Strait of Georgia grounds there is
as yet no evidence that the fishery is an important factor governing the supply
of fish (15). Preliminary study of the age composition of the gray cod stock
shows a high growth rate and a high natural mortality rate. The latter is
probably of the order of 50 per cent per annum.

Future Trends

In view of the high natural death rate it 1s probable that the rate of
exploitation could be increased substantially without endangering fuiure pro-
duction. An annual yield of 25 million pounds does not seem unreasonable, It
is uncertain whether or not this could be increased still further, say to 30-35
milliion pounds, by utilizing smaller sizes of fish. This must await a more
detailed study of the growth-mortality problem.

Increaged yield would of course depend on market demand, and on the stock
maintaining its present productivity. Furthermore it might be necessary to
develop other means of capture, since the gray cod is semi-pelagic and hence
not always vulnerable to convential otter-trawls.

The effect of climatic trends on the abundance of gray ccd is not as yet
fully understcod, but should not be overloocked. Since the gray cod is a cold
water species, the recent decline in temperatures along the British Columbia
coast may have led to increased survival of the pelagic fry, as well as changed
the conditions governing growth and natural mortality among older individuals.
Further recession in temperature conditions may inerease recruiiment to the
stock, but to counter this there may be a decrease in growth rate and natural
mortality rate which would change completely the basis for prediction of yield
in 25 years.

However, neglecting radical changes in the enviromment, it is possible

that with increased exploitation the yield of gray cod by 1980 will reach 25
million pounds per year and that Canada's share will amount to 10 million pounds.
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LINGCOD - Ophiodon elongatus

Present stock: 120,000,000 lb. Utilization by Canada: 3,900,000 lb,.
" * others: 2,300,000 1b.
Stock in 1980: 100,000,000 1b, Utilization by Canada: 7,000,000 lb.
" w others: 3,000,000 1b,
History

The fishery for lingcod begarn in the Strait of Georgia as a small boat
operation employing hand-lines. In the decade prior to World War II the
Canadian cateh ranged betwsen 4 and 6 million pounds, with the Strait of

Georgia providing more than 90 per cent of this yield. During World War II

the catch increased as a result of increased demand for fish protein and vitamin
A from liver oil. It was during this period that the rapidly developing otter-
trawl fishery hegan to take a significant share of the annual yield of lingcod,
and extended the region of exploitation to more exposed sections of the coast,

Statistics of the Canadian catch (dressed weights) are Goﬁtained in the
following table:

Average catch in

Years thousands of pounds
1931-35 4838
1936-40 5068
1941-45 6109
1946~50 5953
1951 4741
19562 4233
1953 2740
1954 3800

In the decade following the war, the catch declined because of reduced
demand . The hand-line fishery of the Strait of Georgia still contributed more
than half of the total landings. The remainder was obtained mainly by the
trawler fleet operating in international waters off the west coast of Vancouver
Island and in Hecate Strait.

Off the west coast of Vancouver Island the Canadian trawlers and line
vessels compete with those from the United States. As shown in Table E, the
cateh during the 1950-54 period was divided fairly evenly between the two
countries. In Heeate Strait the United States catch is about twice as great
as the Canadian catch, but only 10 per cent of the total yield from all grounds
along the British Columbia coast. About 36 per cent of the total is taken by
Canadian boats operating in territorial waters.

Present Status

A rate of exploitation of 10 per cent has been computed for the Strait of
Georgia hand-line fishery from tagging conducted between 1939 and 1944 (&),
It was during this period that the Strait of Georgia fishery reached its greatest
production., On the basis of the average annual yield obtained in that period
the stock is estimated at about 40 million pounds {dressed head-off weight).




Table B, Yield of lingecod by Canadian and United States vessels
from banks along the British Columblia coaszt.

Catch in thousands of pounds

Iushore grounds Qffshore grounds Total Total
Year Canadian Hecate Strait’  West Goast of V. L. vield yield
Canadian U.S.A. Canadian U.S.A. |by gear all gear

1950 Trawl { 115}# (275) 1029 [ &674) 1200 (3298) {7470)
Line {2481 ) (128) 53 {Lo07) 525 | (4172)

1951 Trawl ‘ 94 445 599 1314 847 3299 7021
Line 2044 209 B2 5352 Ve YA

1952 Trawl 100 303 539 692 547 2177 6060
Line 2357 14h 9 636 736 3883

1953 Trawl v B84 512 617 328 1593 4244
Line 1646 24 { 60) 320 (600) | {2651}

1954 Trawl 92 114 531 P24 1007 2468 6232
Line 2189 56 ( 91) 659 {800) [ {5764)
Average Trawl 90 244 643 204 P86 2567
Line 2139 112 D4 644 687 2628

Average All ;.59 356 696 1448 1473 6195

Gear

*Includes Cape Scott and Queen Charlotte Sound.
+Bracketed figures are estimates..

It iz impossible to estimate the stocks of lingeed iphabiting grounds off
the open coast because of the lack of information on the rates of exploitation.
Tagging has shown that these stocks are quite separate from that in the Strait
of Georgia (7, 11). Large sections of the coast appear to provide the reef
habitat required by the lingcod, but the type of fishery which could operate
most effectively in such regions (i.e. hand-line) is non-existent., Strictly
on the basis of area, in relation to that inhabited by the Strait of Georgia
stock, 1t is estimated that the west coast of Vancouver Island stock amounts
to 30 million pounds, while that in Queen Charlotte Sound and Hecate Strait
may be close to 50 milliom pounds,.

Thus, there is & possibility that the total steck of lingceod off the
British Columbia comsst is of the order of 120 million pounds.

Future Trends

o It seems unlikely that the yleld from British Columbia grounds will exceed
10 million pounds per year over the next 25 years, as long asz there are no
changes in fishing technique. As long as costs remain high, there is little
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—are-prevented fromlanding such fish, by a minimum size regulations  The

likelihood that the hand-line fishery will extend much beyond those grounds
which are close to the Vancouver market (i.e. the Strait of Georgia). There
is room however, for more effective use to be made of stocks on grounds along
the northern mainland coast. If this could be accomplished, then yields of 15
to 20 million pounds would not be beyond reason.

It is as yet uncertain what rate of exploitation would produce the greatest
yield, but it is presumed to lie between 10 per cent and 20 per cenv. There is
some suggestion that natural mortality rate is fairly high and that the-gtock
could be more effectively utilized by exploiting fish at an earlier age.

The possible effects of further expansion of the trawl fishery are not as
yet fully understood. Trawlers are able to catch lingcod of small size, but

efficacy of this size limit is to be tested presently.



ROCKFISH or ROCK=COD - Sebastodes spp.

Present Stock: 30,000,000 1b. Utlllzation by Canada: 900,000 1b,
" others: 8,100,000 1b,

Stock in 1980: 20,000,000 1lb. Utlllzation by Canadas 1,000,000 1b,
*  others: 2,000,000 1b.

History
The fishery for rockfish is pursued on a relatively small scale by’
Canadian otter-trawlers and line vessels., Ten of the 23 or 24 species which

are found off the British Columbia coast _are used by the fresh and frozen

fillet trade and by the newly developed "fish stick™ industry.

The rockfishes, ag their name implies, live in dense shoals on or near
rocky bottom or reefs and are found over a wide range of depths from the inter-
tidal zone to 250=300 fathoms., Howewer, no one species extends over this entire
range. OSpecies inhabiting shallow water are taken by trawls and hand-line;
those in intermediate depths mainly by trawls; and those in deep water mainly
by long-line and trawls.

Prior to the expansion of the trawl fishery during World War 11, almost
all of the catch was landed as an incidental product of the hand-line fishery
for lingcod and the long-line fishery for blackcod. As shown in the following
table of Canadian landings, an interest developed in the trawl fishery specifi-
cally for rockfish during the war years; but this was short-lived. Between
1947 and 1953 the trawl landings of rockfish were merely inceidental to those of
other species. With the recent development of the "fish stick"™ market there
has been some awakening of interest in a species known to the trade as Pacific
"ocean perch" (Sebastodes alutus).

Average catch in

Years thousands of pounds
1931-35 252
- 1936~40 337
1941-45 1968
1946-50 _ 1390
1951 938
1952 ol6
1953 955
1954 939

In contrast to the Canadian, the United States trawl fishery for rock-
fish has been very active along the British Columbia coast for more than a
decade (See Table F). Since 1945 their average annual rockfish catch has been
over 9 million pounds, and for the most part has predomlnated over catches of
other species.

Present Status ‘

There is very little information available for consideration of stock sizes
of this group of species. It is known that the rockfishes are exceedingly slow
growing and that maturity is probably not reached before 10 years of age.




Table F, Yield of rockfish by Canadian and United States vessels
from banks along the British Columbia coast.

Catch in thousands of pounds

Inshore grounds Offshore grounds ‘

Year Canadian Hecate Strait+ Other Areasr Total
Canadian U, S. A.| Canadian U, 8. AJ yield

1948 (308) (654) 3545 (233} 5048 9788
1949 (402 ) (855) 6855 {305) 4138 12556
1950 (174) ' (370) 6037 {134 ) 4418 11133
1951 274 ) 415 3967 (249) 1630 6525
1952 241 425 3113 {250) 1309 5338
1953 280 578 3779 { 97) 552 5286
1954 168 630 6850 {141) 2279 10068
Average 264 561 4878 201 2767 8671

+Includes Queen Charlotte Sound and Cape Scott.
*fest coast of Vancouver Island including Cape Flatiery.

The United States fishery has presumably depended on accumulated stocks of
very old fish. The fact that increasing interest has been shown recently in
stocks of rockfish species which formerly were avoided ({small species such as
the "ocean perch"), suggests that the accumulated stocks of the larger species
have now been considerably reduced. About 70 per cent. of the United States
cateh of rockfish in 1954 was of "ocean perch®. Furthermore, there has been a
shift in fishing effort to deeper water, which suggests that stocks in shallower
water are smaller,

Even at the present day there are no catch statistics of rockfish by species.
Thus, it is impossible to assess the trends of exploitation as the emphasis of
the fishery progressed from species to species. Without such information, and
data on mortality rates, it is impossible to make much more than a guess at
present stock sizes. Even if we presume that in 1945 the stock of all rockfish
was asg much as 100 million pounds, it is unlikely that the stock today is more
than 30 million pounds.

Future Trends

‘ One cannot help but be pessimistic about the prospects of increased yield
from the rockfish resource. The heavy fishery of the past decade has been de-
pendent on accumulated virgin stocks. If the present catch is maintained it
will only be through the discovery of new virgin stocks (probably beyond the
depth range of the present fishery). But the United States fishery is already
pressing on the outer boundary of the productive areas all along our coast.

In view of the very slow growth rate of the rockfishes the maximum sus-
tainable yield is probably very much below the present yield-=possibly no
more than 3 to 4 million pounds In the absence of action to restrict fishing,
it is highly probable that within the next decade the catch will fall below 2
million pounds.
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If and when demand reaches the point where the Canadian fleet takes an
active interest in the rockfishes, the pickings are bound to be very slim
unless, of course, Hecate Strait and Queen Charlotte Sound become designated
as Canadian waters. »




BLACKCOD = Anoplopoma fimbria

Present stoeck: 14,000,000 lb, Utilization by Canada: 1,300,000 1lb,
" " others: 2,700,000 1b,

Stock in 1980: 20,000,000 lb., Utilization by Canada: 2,000,000 1lb.
‘ w * others: 3,000,000 1b,

History
The blackcod fishery is one of the few ocean fisheries with a long history
in British Columbia, having been in existence gince before the turn of the

by long-lining in relatively deep water (100 to 250 fathoms). The Canadian catch
is taken entirely in international waters, and on the average over the past 40
years has amounted to about a quarter of the total production from waters of the
northeast Pacific,

Demand for fish protein during World War I caused the cateh to rise to a
peak of 8 million pounds, but a sharp decline followed immediately thereafter.
From 1920 to 1940 the landings fluctuated at a low level of less than 2 million
pounds per annum, reaching a low point of 0.5 million pounds during the economie
depression. (See table below).

Average catch in

Years thousands of pounds
1931-35 662
1936-40 1041
1941-45 1881
1946-=50 1922
1951 1897
1952 1347
1953 1364
1954 1128

The demands for foodfish and vitamin oil resulted in an upward trend in
catch ‘after 1940 to about 2.4 million pounds in 1946. Since that time the fish-
ery has fluctuated considerably because of unstable market conditions, but in
1949 the catch reached 2.8 million pounds, its highest point since 1918,

In comparison with the fisheries for other groundfishes, competition for
blackcod between Canadian and United States fishermen is not great, since there
ig little over~lap in their respective fishing areas. The Americans fishing J
out of Washington ports concentrate their efforts off Cape Flattery and along
the southwest coast of Vancouver Island. The Canadian fleet operates from the
northwest coast of Vancouver Island northward along the Queen Charlotte Islands
and the coast of Alaska. The United Btates fishermen opsrating out of Alaskan
ports fish almost exclusively in channels inside their territorial waters.

Records of the Canadian and American catches of blackeod in reesnt years
are shown in Table G.

presentgcenturyWWUItsﬁmainﬁcharactemistichismthai_itgisgpursuedﬂaimesxuenmimeig;—wwwm,



Table G, Total catch of blackcod from banks in the vicinity of the
‘ British Columbia coast (dressed weights).

i

" QGatch in thousands of pounds

‘ : ‘ o Total
Year "Washington British Columbia Alaskq yvield
1948 2078 2180 4588 8834
1949 2777 2786 4050 2613
1950 2218 955 668 3841
1951 3571 1897 4045 9613
1952 2302 1346 1328 4977
1953 22b6 1364 2475 6095
1954 2667 1128 3300 7095

Average 2552 1665 2921 7138

Present Status

"' There is good evidence that the stock of blackcecod fished by the United
States fleet off Cape Flattery and Vancouver Island is overfished (4)., Catch
per "gkate" of gear has now stabilized at a low level of about 50 pounds. It
is only in this area that otter-trawlers compete with handliners fgr blackcod,
United States trawlers take 20 per cent to 30 per cent of the fish removed from
the Cape Flattery area.

At the northern end of the range, off the Alaska comst, the stock appears
to be underfished. Average catch per skate on the various grounds in this area
is about 100 pounds, and fluctuations in catch can be traced entirely to fluc-
tuations in demand (9, 14),

As yet there are no good estimates of rates of expleitation, since it has
not been possible to devise a satisfactory method of tagging. For present
purposes it is presumed that the rate off southern Vancouver Island is at least
30 per cent, and that off the remainder of British Columbia and off . Alaska is
no moré thep 15 per cent (instantaneous rate 0.16). Since the Canadian satch
in the'1950-54 period averaged 1.33 million pounds the stock is estimated as
1,33/0.16 or about 8 million pounds. If we add in the stock off the southern
coagt of Vancouver Island which is exploited almost exclusively by the United
States fleet (estimated rate of exploitation 30%, or instantanecus rate 0.36)
and take the average catch from that area as being about 2.0 million pounds,
we obtain an estimate of 2.0/0.36 or 5.5 million pounds. The total stock
for the British Columbia coast (and part of Alaska) is therefore estimated at
about 14 million pounds.

Future Trends

If no special menagement 1s undertaken, and if market conditions Iimprove
in the next 25 years, the annuval catch by the Canadian fleet might be inecreased
to 4 million pounds. At present the market is interested in obtaining large
fish (this is evident in grading and sale practices) and Canadian fishermen are
prevented by regulation from landing fish less than 4 1/2 pounds in weight
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(dressed). It is uncertain as yet whether this restriction is beneficial or
wasteful. There is some suggestion that natural mortality 1s high among juvenile
blackcod. If this is so, then a greater sustalned yield might be achieved by
gubjecting them to a higher rate of exploitation. TUntil 1955 the United States
otter-trawl fleet has been able to make use of smaller sizes of blackecod than has
the Canadian fleet, but legislation has now been introduced which will minimize

this practice,

It is possible that international agreement on blackcod fishing may be
necessary before any real improvement can be made in the stock off the southerm
coast of Vancouver Island.  However, in the light of existing fishing practice,
it is unlikely that regulation would benefit the Canadian industry as much as
it would the United States industry., Of course, increased abundance on the
Vancouver Island grounds might induce Canadian fishermen to fish closer to home.

Activity in the blackcod fishery is very closely influenced by the halibut
fishery., Under existing conditions, the blackcod fishery takes place in the
off-season for halibut, since it involves part of the fleet of halibut vessels.
".Thus, extension or restriction of the halibut fishery would have congidserable
influence on the duration and intensity of the blackcod fishery. To some extent
the blackecod fishery is subsidized by the halibut fishery, since blackcod fisher-
men are allowed to retain out-of-gseason one pound of halibut for every seven
pounds of other species caught. Because of the high price paid for halibut, this
"percentage" regulation creates considerable incentive to fishing for blackcod
(and other species) during the off-season. Should the price of halibut fall
drastically in the next 25 years, or should the International Halibuf Commission
revoke its regulation permitting out-of-season catches of halibut, the blackcod
fishery might decline markedly, unless of course, there were a compensatory
increase in the demand for blackcod. ’



BUTTER SOLE - Isopsetta isolepis

Present stoeck: 25,000,000 1b. Utilization by Canada: 1,000,000 1b,

" ¥ others: Nil

Stock in 1980: 282,000,000 1b, Utilization by Canada: 5QOOODOOO ib.
" " others: Nil

History

The commercial stock of butter sole in British Columbia waters is restricted
to the Hecate Strait bank. This species is considered of lower quality than

The fishery, if it occurs at all, is concentrated in the first few months of the
year in Skidegate Inlet (Queen Charlotte Islands). Butter sole enter the inlet
from Hecate Strait and spawn during the months of January and February.

‘ Commercial fishing began in 1943 with a catch of 0.5 million pounds. ¥rom
1944 to 1948 the catch ranged from as low as 0.1 million pounds to 1.75 million
pounds. In 1949 and 1950 the fishery was a complete failure becsuse the spawners
failed to enter the Inlet. As shown in the following table the Canadian catch
reached an all time high of 3.5 million pounds in 1952. In the last two years
the bulk of the catch has been processed as mink feed.

Average catch in

Years thousandg of pounds
1931-35 0
1936-40 0
1941-45 656
1946-=50 313
1951 1700
1952 3500
1953 280
1954 211

There has been no international fishery for butter sole. However, the
United States trawler fleet utilizes stocks which inhebit the territorial water
of Puget Sound. Almost all of their catch is used for mink feed.

Present Status

While tagging has given some indication of the rate of exploitation of the
stock of butter sole which enters Skidegate Inlet (18), it has not shed any
light on the rate respecting the entire stock in Hecate Strait. There are
several indications that the Skidegate Inlet spawning run may be conly a minor
segment of the adult stock in the Strait. If we assume that the rate of exploi-
tation ds computed by Manzer (18) in 1946 (30% or instentaneous rate of 0.36)
applied alsc in 1952 when the catch was 3.5 million pounds, then the minimum
stock size must be.of the order of 3.5/0.36 or about 10 million pounds.

To judge from the abundance of adult butter sole on the Hecate Strait bank
during the summer months, it would be gsafe to estimate the total adult stock
at more than double the above amount, say, 25 million pounds.

most-other flatfishes; andis—exploited only when general market demand -is high.



Future Trends

There is every ilndication that the butter sole stock of Hecate Strait is
underfished and that a yield of 7 million pounds per annum could be sustained.
In view of the moderstely high natural death rate, an even higher yield might
be achieved by utilizing smaller sizes of fish than is now the custom.

However, there are a number of factors which probably would prevent this
yield from being realized. The butter sole, being a low priced fish, must be
very concentrated in order to make fishing worthwhile. Under present economic
conditions, fishing is worthwhile only during the winter months in Skidegate
Inlet. Certain small areas in the Strait are known to produce commercial
quantities of butter sole during the summer months, but otherwise much of the
adult stock remains, for economic reasons, unavailable to the trawlers,

Another factor which might frustrate efforts to achieve the maximum yield
wonld be market demand, particularly for the smaller sizes of fish which possess
an uneconomically low fillet/carcass ratio. Of course, the marketing problem
changes completely, 1f we presume that the demand for mink food will continue
to grow. If the present trend continues, the butter sole may be utilized
entirely for this purpose, in which case it would be possible to exploit a wider
range of gizes.
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DOVER SOLE - Microstomug pacificus

Present stock: 40,000,000 1lb. Utilization by Canada: 700,000 1b.
" * others: 600,000 1b.

Stoek in 1980: 35,000,000 lb. Utilization by Canada: 4,000,000 1lb,
"

"  others: 4,000,000 1lb,

History

The dover sole is another species of flatfish which, since the inception
of the otter-trawl fishery, has been in relatively poor demand--not because of
poor quality, but because of processing difficulties. The Canadian catch hag

varied from 0.l to 0.9 million pounds since 1946.{the first year of exploitation),
and as shown in the table below has averaged about 0.7 million pounds in the
period 1951-54, The bulk of the catch comes from grounds off the southern part

of Vancouver Island and in Dixon Entrance.

Average catech in

Years thousands of pounds
1931-35 0
1936-40 0
1941-45 0
194650 420
1951 974
1952 941
1953 - 464
1954 402

The United States catch (known only since 1951) has averaged about 1,0
million pounds, but only about 60 per cent of this comes from grounds which
are adjacent to British Columbia (see Table H),

Table H, Yield of dover sole by Canadian and United States
trawlers from banksg along the British Ccolumbia coast.

N

Catch in thousands of pounds

Hecate Strait | Other Areasg « | Total

Year Canadian U, S, 4. | Canadian U. S, A, |yield
1951 402 175 569 613 1759
1952 - 487 607 514 613 2161
1953 227 688 238 479 1632
1954 - 177 270 176 656 1279

" Average 308 435 374 591 1708

Present Status

At the present day little interest is being shown in the dover sole, even
though it appears to exist in considerable abundance along the British Columbia
coast., No information is available on rates of exploitation or stock size,




but it is presumed that the stock is of the order of 40 million pounds.

Future Trends

If markets and (or) handling progesses for dover sole improve in the next
25 years, it is possible that catches of 4 or 5 million pounds per year can be
achieved by the Canadian fleet. This will, however, necessitate extension of
the Canadian fishery to deep water (100 to 200 fathoms ).

In California and Oregon where the otter-trawl fishery has been in existence
for many years there has been a progressive increase in the utilization of dover
sole as gtocks of more desirable foodfishes became depleted. In these States ™
the dover sole ig now the dominant species in the otter-trawl landings. This

same-pattern-may apply-to the Washington and British Columbia fisheries in the
near future.



DOGFISH - Sgualus acanthias

"_-j/}«»z) ot}
Present stock: 500,000,000 1lb, Utilization by Canada: Qéeloeﬁ’lbu
" * others: 3,000,000 1lb,

Stock in 1980: 800,000,000 1b. Utlllzatlon by Canada:50,000,000 lb,
" others: lO 000,000 1b,
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History
The fnshery for dogfish began in the early part of the present century by

means of seine nets and hook and line. The entire catch was reduced to meal

and._oil About. 1940 the discovery of high vitamin A concentrationg in dogfish

brought about a marked change in the industry. While interest in the reduction
of dogfish carcassges was maintained until 1944, there was a gharp upward trend
in the fishery solely for the livers, so that large quantities of carcasses
were discarded (see the schedule below; the liver averages 15% of the body
weight ). This was accomplished by otter-trawls, sunken nets and long-lines.

By 1945 it was no longer profitable to use dogfish for reduction, presumably
because the stock had been reduced to such an extent that continuity of supply
became uncertain., JIn some areas the catch of dogfish per unit effort declined
by 50 per cent during the early 1940°s (1),

Average catch in thousands of pounds

Total

utiliz= Total
Period Liver Carcasses ation captured
1926-30 0 15,597 15,597 15,597
1931-35 0 8,276 8,276 8,276
1936-40 3,131 12,904 16,0385 20,900
1941-45 5,176 6,936 12,112 34,500
1946-50 2,830 0 2,835 18,900
1951 Q97 36 1,033 6,600
1952 760 199 959 9,100
1953 : 7rY 245 1,022 5,200
1954 626 211 857 4,200

Following the war declining demand for vitamin products and reduced
abundance of dogfish caused the annual yield to decline. By 1950 the full
effects of the production of synthetle vitamin A and the importation of
foreign products was shown in the greatly reduced landing. Between 1950 and
1954 the landing of liver remaiped at a very low level, while there has been a
slight increase in the andlng of carcasses for reduct101°

Present Status

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 plagus on many of the British Columbia fishing grounds--disrupting
the trawl and seine fisheries for other species.

There are no accurate estimates of the rate of exploitation during the
period of intense fishing during the 1940°s. We know that the dogfish grows
very slowly and that it reaches an advanced age (5). We know also that during



the period 1940-45 the accumulated catch by the Washington and British Columbia
fleets was about 500 million pounds (see Table I). If we neglect the effects of
recruitment and natural mortality and assume that the accumulated catch was half
the stock present in 1940 (based on a 50% reduction in catch/effort), we conclude
that the original stock was of the order of one billion pounds. The present
stock is presumed to be somewhere betwsen 500 million and a billion pounds,

Table I, Estimated poundage of dogfish removed
from British Columbia fishing banks by the Can-
adian and United States fleet.

ﬁousaﬂa‘s
M= of pounds
. Total
Year British Columbia Washington yield
1940 24,578 34770 283548
1941 37 4958 15,693 53 4676
1942 38 4329 31,4701 704030
1943 42 ,033 44,378 86 411
1944 54 4230 73 4847 128,077
1945 38,812 42,4113 80,4925
19456 18396l 40,036 58,997
194% . 254062 ll3882 36,944
1948 204223 9,9?5 30,4198
1949 263595 12,071 38,664
1950 5)675 1,400 54073

Future Trends

If ag little interest ig shown in the dogfish resource in the next 25
years as has been shown in the last 5 years, the stock will undoubtedly return
to dominate most fishing banks along the British Columbia coast. This is
already suggested by the growing abundance of young dogfish, However, there is
evidence of a re-awakening interest in the value of dogfish for reduction into
meal and oil. While there is little information available for computing the
maximum sustainabls yield which could be obtained from the rehabilitated stock,
past experience suggests that a figure of 50 to 100 million pounds per year
would not be beyond reason. Canada might be in a better position than the
United States to exploilt this resource gsince she is better equipped with re-
duction plants.

Becausge of the interference of dogfish with fishing for more valuable
species, a wide-=open policy of exploitation is likely to prevail in the immed-
iate future to encourage maintenance of dogfish stocks at a level below that
.which permits meximum yield. On the other hand, the dogfish is an acceptable
humen food which iz extensively used in Burops, and it might become so in
America too. If this kind of demand develops, best utilization rather than
maximum destruction would be in order.



SCRAPFISH FOR MINK FOOD

Turbot or arrow=-tooth sole = Atheresthes stomias
Whiting or big-eye = Theragra chalcogramma
Hake = Merluccius productus
Small quantities of other species

Present stock: 40,000,000 1b. Utilization by Canada: 2,400,000 1b,
" ® others: 1,000,000 1b,
Stoek in 1980: 30,000,000 1b, Utilization by Canada: 7,000,000 1lb.
n " _others: 5,000,000 1b,
History

The fishery specifically for serapfish is of very recent origin, having
started in a small way in 1948, By 1955 it was the dominant feature of the
British Columbia trawl fishery. The demand is being supplied mainly by turbot
and whiting, and to a lesser extent by hake, butter sole, dover.sole and gray
cod,

Prior to the 1950's the needs of fur-farms were satisfied by the supplies
of offal from fish filleting plants. By 1951 the demand for scrapfish had
greatly exceeded the supply of fillet scraps, as well as of horsemeat. Thus,
trawl fishermen began landing large quantities of whole fish of species
unsalable on the foodfish market. The trend of the Canadian fishery is shown
in the following table:

Catch in thousands

Year of pounds
1948 35
1949 59
19850 37
1951 414
1952 1392
1953 2298
1954 2843
1955 5676

Present Status

At present the fishery is concentrating on the turbot, which is found
almost entirely on grounds in international waters. However, in the winter
months, when weather prevents fishing on the exposed grounds, emphasis turns
to the whiting.

It is imposgible to estimate accurately the sizes of these stocks, as
they have only recently been subjected to exploitation. For present purposes
the stock is estimated as being about 40 million pounds.



Future Trends

- It is probable that the present yield of turbot and whiting will be trebled
or quadrupled in the next 25 years, providing the market for mink pelts continues
to expand. Other species not now utilized or utilized to some extent only as
food for human consumption, may eventually be included in the mink food industry.

At present there is little competition between the Canadian and Uhited
States fleets. But expansion of the mink farm industry in Washington may increase
the activity of the Washington fleet along the British Columbla coast.




Pregent stock: 20,000,000 1b,

Stock in

History
The
the sake
They are
and have
combined
shown in
Flounder

OTHER SPECIES OF GROUNDFISH HEEES=mel

Rex sole =
Starry flounder -
Sand sole =
Flathead sole . =
Yellow-fin sole -
Big skate =

Glyptocephalus zachirus

Platichthys stellatus

Paettichthys melanostictus

Hippoglogscides elassodon

Limanda asgpera

Raja binoeculata

Viviparous perch =
Ratfish -

1980; 20,000,000 1b,

mainly Damalichthys vaceca
Hydrolagus collieil

Utilization by Canadacs 700,000 1b,
" " others: 900,000 1b, ?

Utilization by Canada: 2,000,000 1lb,
" " others: 2,000,000 1b,

above eight species of groundfishes are consgidered here as a group for

of brevity, even though such consideration may not be entirely meaningful.
usually taken incidentally to the otter-trawl catches of other species
been utilized in varying degrees for little more than a decade. The

gatch in the 1948-54 period

hag averaged 0.6 million pounds, but as

the table below, it has ranged from 0.3 million to 0.9 million pounds.

and rex sole have comprised

Year

1948
1949
1950
1951
1952
1953
1954

Present Status

about three-guarters of the total yield,

Catch in thousands
of pounds

321
438
692
874
928
406
516

Some of the incidental trawl-caught species fetch good prices (rex sole,
sand sole, yellow-fin sole, perch), but fisheries specifically for such species
have never developed, presumably because they were of low abundance even when

unexploited.

The situation is less clear for low priced species (starry flounder,

flathead sole, ratfish), as no information is available on rates of exploitation
~ or changes in abundance.

The stock of all these species comblned probably does not execeed 20 million

pounds.



Future Trends

With improvement in market conditions, it is probable that the Canadian
yield could be inereased to 2 million pounds. If new markets and new methods
of processing can be developed for skate and ratfish in the next 25 yegars, the
yield could be increased to 4 milllon pounds.

The newly evolving market for mink food will probably increase the demand
for starry flounder, flathead sole and yellow=fin sole.




SMELTS

Eulachon - Thaleichthys pacificus
Silver smelt - Hypomesus pretiosus
Capelin = Mallotus catervarius

Smelts are fish of a few ounces weight, which oceur in dense shoals in

spawning season. They are of minor commercial importance in British Columbia,
but support important sport or subsistence fisheries., Three of the four species
are of some importance. Their occurrence and utilization was summarized in
1944 by Hart and McHugh (1),

Eulachon., This species spawns in the lower reaches of large rivers, up
to 50 miles or so upstream. The recent Fraser River catches have been as
follows, in thousands of pounds:

1941 132 1948 363
1942 214 1949 298
1943 210 1950 189
1944 133 1951 311
1945 205 1952 744
1946 170 1953 218
1947 285 1954 334

Considerable quantities taken locally in dipnets are not included above. On
. other rivers eulachon are taken only on a subsistence basis, but the quantity
is quite large, especially on the Nass (about 900,000 lb. estimated in 1940),

A recent study of Fraser River catch and effort statistics for 1941-53
suggested that somewhat greater utilization should be possible (2), but that
year-to-year variations will persist. However the species is vulnerable to poss-
ible pollution of the lower Fraser by expanding industrialism. :

For 1980 we predict a somewhat larger average commercial catch than at
present=-about 600,000 pounds per year. The subsistence and sport fishery will
probably be about the same.

Silver smelt. This is or was the smelt of British Columbia fresh fish
markets., It is taken mainly by gill nets on the ocean beaches where it spawns,
from June to September. Commercial catches have decreased from a high of 450,

000 pounds in 1902-08 to about 25,000-50,000 pounds in recent years (1), Causes
of the decline may include contamlnatlon of preferred spawnlng beaches, esneclally
in the Vancouver area, as well as possible overfishing. i el

N

Smelt occur at various places along the coast, and future production may
increase somewhat if additional stocks are used. However, no very substantial
increase in landings is anticipated.

v Capelin. Usually called smelt in British Columbia, this species spawns
in aubtumn in the Strait of Georgia, and in spring farther north. Some thousands
of pounds of spawning fish are taken locally by dipnet, but it is not used
commercially. Doubtless many stocks spawn in inaccessible places, so there is
little idea of its abundance. It is of course much less abundant than in the
Arctic. There is not likely to be commercial utilization in the next 25 years.
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TUNA or ALBACORE - Thunnug alalunga

Present stock: large, but inaccessible Pregent upilization: Nil

Utilization in 1980: zero to 5,000,000 lb,

History

The first albacore was recorded from British Columbia waters in 1938 and
the first commercial catch was made in 193%. The fishery is by trolling with
artificial lures. Canadian fishermen have operated south to waters off central
California. The general eastern Pacific fishery is described by Brock (1), and
that of British Columbia by Partlo {21,

The cateh landed in British Columbia, in thousands of pounds, was as follows:

Yeay Catch Year Catch
Le8r Zabed leal 2anzi
1939 284 1948 2175
1940 5 1949 2231
1941 76 1950 2119
1942 0 1951 , 190
1943 29 1952 157
1944 464 1953 11
1945 1289 1954 0
1946 432 1955 Q
1947 796

Albacore are caught in warm blue oceanic water during the months of July,
August and September. The fish taken off our coast appear to be at the northern
limit of the range of the eastern Pacific population, which is fished as far
gouth as Baja California. The largest British Columbla catches were made from
1948 to 1950, with many caught offshore to the south. In 1951 only 14,000 pounds,
out of 190,000 pounds landed, were caught off British Columbia, but in some of
the earlier years a much higher fraction were local fish. Since 1951 none have
been caught off British Columbia and a few have been taken north of California.
None were landed here in 1954 or 1955.

There have been extireme periodiec fluctuations in the eastern Pacific catch
which ag yet ars unpredictable. The California fishery, which is the largest
one, was geod from 1915 to 1925 (peak of 30,000,000 1lb, in 1917), almost neg-
ligible from 1928 to 1935 and good from 1938 to the present (record year 1950,
with 62,000,000 1lb.). '

I+ has not been established whether the stocks that are fished off North
America are separate from those fished off the Hawaijan Islands and Japan.
Raeial studles have suggested that they are distinct but recent tagging experi-
ments show some trans-Pacific movement. Oceanographic surveys and exploratory
fishing are now proceeding very actively in the. north Pacific. To 1955 their
regsults 1. indicate the association of albacore with water of the eastward
North Pacific current having temperatures above about 14° C., and 2. suggest
that the population which now supports a fishery extending from Japan to north
of Midway Island reaches right across the Pacific until it meets the cold
water near our coast.



Present Status

Since the ocean distribution of the populations which are now fished has
not been determined, it is impossible to estimate the size of the stocks now
being exploited. They are undoubtedly very large and there is no indication of
the approach of overfishing. A%, the present time there is no definite prospect
of catching many fish inshore north of California. There is, however, a fair
pessibility that current oceanographic surveys and exploratory fishing will
discéover albacore in commercial quantities within reach of sea-going boats such
a8 the existing halibut fleet.

Future Prospegts

{a) Tn the past our cateches have been foreshadowed by good prospects

off Oregon and Washington, which are absent at the moment. However, we can
expect as large catches in the same areas as in the past (2,000,000 1b,),
if and when the fish again move farther north in response to changing ocean
conditions.

(b) The exploratory fishing and oceanographic surveys noted above may
lead to much more important fishery. This depends on discovering stocks
within reach and learning how to find and cateh them in reference to oceano-
graphic conditions which change from year to year. While a large-=gcals
development is & real possibility we cannat make a reliable predlctlon on the
bagis of present knowledge.
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PILCHARD - Sardinops caerulea

Present stock: Relatively small, and too Present Utilization: Nil.
far south for utilization

Utilization in 1980: Zero to 50,000
tons

Hi'story and Present Status
A purse seine fishery for pilchards was begun in British Columbia waters
in 1917, In the early years of the fishery, up until 1924, the small catch

wa.s-mostly—canned-—— —Beginmingwiﬁeis25~$hemea$ehﬂgreatiywexpandedywaﬂdfan
important industry was founded on the reduction of pilchards to meal and oil
(1). '

In the 30-=year pericd of the fishery, the cateh fluctuated widely. These
fluetuations resulted from changes in the abundance of the fish, variations
in the availability of fish to the fishery (independent of their abundance),
and changes in market demands. Since 1947, no pilchard fishery has developed
as a result of drastisally reduced abundanceu

The pilchards of the British Columbia coast are part of a stock occurring
as far south as California. Spawning occurs off California and the young
remain in these waters. The adults migrate extensively, especially +the larger
ones, anfl in periods of high abundance sufficient numbers move into waters
off British Columbia to provide a fishery. The recent decline in the abundance
of pilchards has resulted from the failure of the population to reproduee‘
itgelf during a period of heavy exploitation in California waters, and when
ocean temperatures have been low.

The catches of pilchards in British Columbia waters were as follows:

Average catch

in tons
1917=20 2850
1921-25 4060
1926=30 71770
1931=35 42064
1936-40 35718
1941-45 6l609
1946 3990
1947 440

Future Prospects

It is probable that pilchards will return to British Columbia waters,
but it cannot be predicted when and in what abundance. Their return will not
be possible until the main stock off California shows a substantial increase
in abundance, and at the present time there are no clear-cut indications of
when that may take place. Prospects for a large stock in the future depend
partly on whether it was cool temperatures or excessive reduction of the spawn-
ing stock, which did most to cause the decline of the middle 1940°'s. On this
point there is no agreement as yet (2). However, even if favourable temperatures




were to produce a geries of large year-classes again, an intensive California
fishery would prevent any large number from growing to the sizes which used

to wander north and meke up most of our catch. Thus any renewal of the British
Columbla fishery implies a smaller annual rate of exploitation off California.

Assuming that the pilchards will return to British Columbia waters, it is
evident that the fishery will always be an erratic one, since both the abundance
of the fish and the extent of their migration are subject to great variation.
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ANCHOVY = Engraulis mordax

Present stock: 25,000,000 1lb. Utilization: 230,000 1lb, (1951-54 av.)
» (none in 1955)

Stock in 1980: 20,000,000 1b, Utilization: 5,000,000 1lb.

History and Present Status

Since 1939 a small fishery on anchovies has been carried on in coastal
waters of British Columbia. Although anchovies were taken as far north as
Ogden Channel, a large proportion of the catch was taken in southern waters
of the province, mostly near shore on the west coast of Vancouver Igland. The

fishery has taken place on small, self-sustaining local populations which spawn
in bays and inlets during June, July and August. These inshore stocks appear

to be distinct from the large pelagically-spawning populations which occur off-
shore from California to Weshington and possibly as far north as British Columbia,
These latter are not inecluded in our estimates.

The average annual catch in recent years, in thousands of pounds, is as
follows:

Years Av, Catch
1939-40 4700
194145 4900
194650 1350
1951 Nil

1952 170
19563 750
1954 10
1955 Nil

During the early years of the fishery, a large part of the catch was
reduced to oil and meal, but in recent years the catch has been mostly canned,
It appears that the reduced catch in the past 10 years is a result of decreased
demand,

Future Progpects ‘

While little information exists on the future potential of the anchovy
stocks, it appears unlikely that sustained yield would greatly exceed the
catches of the early 1940's. This is from the insghore-spawning stocks. The
oceanic-spawning population is of unknown size and distribution.




SHARKS OTHER THAN DOGFISH

Soupfin sghark - Galeofhinus galeus
Basking shark Cetorhinug maximus
Spotted cow shark - Notorhynchus cepedianus

Mud shark. - Hexanchus griseus
Mackerel shark = Isurus nasus
Blue shark - Prionace glauca

Soupfin shark. This is a small shark, growing about 6 feet long. It is
mainly a summer visitor to British Columbia. The stock is probably migratory

—along-eonsiderablelengthsof the coastt—a fish tagged in California-wasg
taken off British Columbia (2).

Because of the sxceptionally high vitamin A potency of livers of soupfin
sharks, a fishery for this species was activel: pursued during and shortly after
World War II (lL). In the period 1941-45 the averaged landed quantity of soup-
fin shark livers was about 40,000 pounds per year. By 1947 the quantity had
decreased to 10,300 pounds. At the present time few are taken, and then only
ineidental to other fishing operations.

The soupfin shark was caught meinly in Hecate Strait and off the west
coast of Vancouver Island. A variety of fishing gear was used, but sunken gill
nets set primarily for dogfish accounted for most of the catch. Catch per unit
of effort reached a peak in 1944, the year when the largest catch (62,000
pounds of livers) was made. In subsequent years, when fishing effort was still
high the catch per unit of effort decreased sharply, suggesting that abundance
had been reduced by the fishery. However the Canadian catch was only part of
the yield taken from the migratory stock.

Little is known of the present abundance of soupfin sharks, but it seems
unlikely that they are yet as abundant as before the war. Presumably a future
fishery could be maintalned on a sustained basis only providing that exploita-
tion is less intense than during the war years,

Future prospects for this species are bound up with those for dogfish,
and depen@ on technological or economic developments. The soupfin shark by
itself is not abundant enough to support a fishery in the foreseeable future.

Bagking shark. The basking shark grows to about 40 feet long. It has never
been specifically fished in British Columbia. During the war years it was
taken incidentally in salmon gill nets and sunken dogfish nets. At that time
the value received for the liver defrayed the cost of repairing the damaged
nets, but to=day it 1s only a nuisance. In recent years some effort has been
directed to destroying these sharks by shooting or ramming them, because of
their damage to gill nets.

Whether or not these sharks will constitute a commercial fishery in the
future depends upon developing a method of utilizing them. The skins may have
a chance of being used if a suitable method of processing were developed.

Other sharks., The other species of sharks listed above are all fairly
large. All are reported to be fairly common at some time or other in British
Columbia waters, and are taken incidentally in other fishing operations—=-usually




interfering with the latter. Present indications, however, do not suggest that

commercial operations for these species are likely to be profitable within 25
years.
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MISCELLANEQUS PELAGIC SFECIES

Pacific mackerel - Pneumatophorus diego
Jack mackerel = Trachurus symmetricus
Saury Cololabis saira
Ragfisgh Acrotus willoughbyl

8

)

The presence of these species in waters off the west coast of Vancouver
Island is known chiefly from their occurrence mixed in catches of pilchards,
or in the stomachs of sperm whales. Information on their abundance is lacking,
but one or more may eventually support a commercial fishery, given appropriate
advances in fishing technique or in market demand.




, CRAB = Cancer magister

Pregent stock: 7,500,000 lb., Utilization by Canada: 3,700,000 1b,
" " others: 1,200,000 1lb.
(1953-5¢ av, )

Stock in 1980: 7,500,000 1b, Utilization by Canada: 6,000,000 1lb,
" ~ ™ others: negligible

Histogz
" The commercial crab is generally found on a sand bottom at depths of ten
fathoms or shallower. The mature crabs usually breed during the summer months,

The eggs are spawned in the autumn, and retained on the abdomen of the female.
She carries the eggs during the winter until they hatch in the spring as free
swimming larvae. After about four months, the young crabs settle to the
bottom to begin their adult lives (2).

Growth of the juveniles is accomplished by frequent moulting, and both
goxes mature during the third year. The male usually reaches legal size during
the fourth or £ifth year,

Crabs were fished commercislly in British Columbia befere 1890, In 1915
crab fishing was being carried out at Victoria, Nanaimo, Boundary Bay, Burrard
Inlet and Prince Rupert (4). In the Queen Charlotte Islands the commercial
fishery was started in 1917 (3). More recent landings are shown in Table A,

Table A. Crab landings from British Columbia waters, 1921-1954, with
United States catches from Hecate Strait, 1951-1954,

Year Landings in thousands of pounds
Canada U. S. A, ,Total

1921-25 737

1926=30 687

1931=35 528

1936-40 946

1941-45 848

1946=50 1886 880 {1950) 2766

1951 1811 9261 : 2772

1952 1999 1169 3168

1953 3193 1396 4589

1954 4188 949 5138

Pregent Stocks

The major fishing grounds are around the Queen Charlotte Islands in
Hecate Strait and Dixon Entrance, along the west coast of Vancouver Island,
Boundary Bay and Burrard Inlet. Hecate Strait has been exploited jointly
by Canadian and United States vessels since 1950; the share of the latter
averaging 64 per cent of the total catch. The greater part of the crab catch
is taken by traps; the remsinder is caught by trawlers indidentally to




catches of groundfish. Since the female crab seldom reaches the legal size
limit of 6 1/2 inches, the fishery im practice is limited to male crabs.,

Considerable fluctuations in numbers of young crabs occur, at least in
the Queen Charlotte Islands region. Tagging experiments (1, 3) have shown
that crabs perform seasonal migrations in this region. Also tagging experi-
ments and catch statistics indicate that the fishery is st present fairly
heavily exploited (60-80% per year), and depends largely upon the annual
reeruitment.

From the above, the erab stock around the Queen Charlotte Islands is
about 4 million pounds. In other regions of the province we may estimate the
stock ag about 3.5 million pounds on the basis of an exploitation rate of 50
per cent.

Future Prospects

The expected future trend, with no new types of management, will be an
increase in production so that by 1980 landings should reach 6 million pounds.
The increase is expected from two sources., (1) Grounds in southern British
Columbia will increase their production with increasing demand due to popula-
tion growth., (2) The Queen Charlotte Islands fishery is not expected to
ltersase its total production, but it will probably yield a greater share to
Cahadian fishermen due {0 an anticipated decline in United States fishing
effort. This deeline ls expected because of the increased number and
efficiency of Canadian crab traps. United States vessels are not expected
to be able to meet Canadian competition during the stormy spring and autumn
sedsons because of their lack of local harbours; and by summer, nowadays, most
of the new crop of crabs has been taken. No important new erab stock is
expected to be found in British Columbia waters.

The operation of important deleterious factors on the crab resource is
not likely. Although the major fishing grounds in Hecate Strait are located
in intermational waters, overfishing by foreign vessels is not expected,
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SHRIMPS and PRAWNS - Pandalus spp.

Present stock: 5,000,000 1lb, Utilization: 1,100,000 1b,

(1953-54 av.)
Stoek in 1980: 5,000,000 1b, Utilization: 2,500,000 1lb.
History

8ix species of commercial shrimps are found on the British Columbia cecast.
Five specles are found on mud or sand bottoms, and are taken commercially by
small-meshed trawls in depths up to 60 fathoms. The other specics, the "prawn™,
istaken by treps—on—rock-bottoma+—

A fishery was in existence before 1890, when shrimps were being fished
near Vietoria (5). Practically no information regarding the development of the
shrimp fighery 1s available, but trawling in Burrard Inlet began at a fairly
early period, and this is still an important source of supply.

The main features of the life histories of the shrimps are known {(1).
Mature individuals of all species breed in the late autumn or early winter.
The developing eggs appear on the abdomen of the female shortly after breeding,
and are carried during the winter months. The young are hatched in the early
spring and swim freely for about three months before settling to the bottom.
The shrimps mature first as males in the first or second year, depending on the
species, After one or two seasons as sexually active males, these shrimps
change sex and function as females for the rest of their lives.

Table A, British Columbia shrimp and prawn landings, 1921=54,
woreen® weight in pounds.

Years ' Landings
lb.
1921-25 91., 000
1926=30 111,600
1951-35 154,500
1936-40 107,800
1941-45 54,200
1946-50 280,200
1951 545,300
1952 824,700
1953 1,258,600
1954 951,000

Pregent Stocks

" Shrimp fishing is carried on in Burrard Inlet, Howe Sound, the east coast
of Vancouver Island, and in Chatham Sound, near Prince Rupert. A definite
gstimate of present stocks is unavailable, because recent exploratory fishing
has diseovered new stocks (2, 4), and further search is expected to locate
additional supplies. Also, we can only guess at the rate of utilization of
stocks currently in production--possibly 50 per cent per year,




Future Prospects

The predicted trend is for an increase in the fishery to 2 or 3 times the
present production, to be achieved partly by the location of new stocks, partly
by increaged use of those already known,

Since relatively little is known concerning the biology of shrimps, no
active management can yet be contemplated. There are no regulations at present.
No major deleterious factors actihg on the shrimp resource seem likely to turn
UP. '

All currently exploited shrimp grounds are located within Canadian terri-
torial waters. Xxploratory fishing in international waters has not found
shrimps in numbers gufficient to support a commercial operation (3).
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EDIBLE MOLLUSCS

The edible molluscs of British Columbia include oysters, various kinds of
clams, seallops, abalones, squids and cctopus. They have been described and
figured by Quayle (2), who lists 21 species or groups of species. Most of these
are not sufficiently‘abundant or sufficiently in demand to provide significant
commercial production at the present time, but nearly all are used to some
extent by a recreation or subsistence fishery. '

Two introduced species are among those which provide commercial ylelds,
and one of them, the Pacific or Japanese oyster, is our most important shellfish
at the moment.
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PACIFIC OYSTER - Crassostrea gigas

Present production: #0,000 U. S. gal. Produetion in 1980: 500,000 U.S. gal.,

History and Present Status

The history of oyster production in British Columbia begins about 1913,
but it is only for the last 15 years or so that accurate production figures are
available (3). The yields shown below are in United States gallons, to the
nearest hundred. (1 U.S., gallon is 5/6 of an Imperial gallon, or about 8 pounds
of oyster meats. Prior to 1946 the quantities were reported in 200-pound
barrels of whole oysters; they have been converted at the rate of 1 barrel =

1940 21,700 1948 46,200
1941 91,200 1949 59,800
1942 37,400 1950 62,700

1943 37,700 1951 59,000
1944 49,700 1952 81,200
1945 35,200 1953 66,500
1946 65,800 1954 85,900
1947 61,700 1955 83,900

Nearly all this production comes from inter-tidal leased oyster grounds, mostly
in the Strait of Georgia.

Formerly the native oyster, Ostrea lurida, supported a small commercial
harvest.

Future Prospects

Potential oyster-growing capacity of suitable grounds in British Columbia
is about 200 gallons per acre per year. Any individual first-class ground is
best harvested every third year, at which time the crop is about 600 gallons
per acre; poorer grounds are harvested less frequently. To-day there are
about 1,500 acres of usable ground under lease, of which about 400 acres would
be harvested in a year under full utilization. At present, however, some
grounds are rare%&ﬁharvested at all, and the average production of the 1,500
acres above is 229 gallons per acre per year, or about a third of their poten-
tial. ‘

The reason for the low production of present beds is inadequate seeding,
since seeding in best commercial gquantities must be done artifieially. FPrior
to 1951 nearly all seed was imported from Japan, but since that time an adequate
local source of seed has been discovered and is being utilized. This source is
reliable in nearly all years.

With adequate seeding, the oysters produced on existing leases can be
expanded to at least 250,000 gallons per year. With a growing demand for oysters,
it is expected that this will be further increased, over the next 25 years, (1)
by bringing into production new ground outside the Strait of Georgia; (2) by
improvement and utilization of what is now marginal ground; (3) possibly by
development of float culture techniques. The last-named has very large possibil-
ities, i1f it proves economic. However our prediction of a harvest of 500,000
gallons in 1980 is based merely on the extens$ion and intensification of conven-
tional methods.



BUTTER CLAMS - Saxidomus glganteus

Present stock: 20,000,000 1lb. Present production: 3,500,000 1lb.
Stock in 1980: 20,000,000 lb. Production in 1980: 3,500,000 lb,
History and Present Status

The butter clem is found widely in British Columbia waters. A review of '
its occurrence and fishery has been made by Neave (1),

The catches of recent years are as follows, in thousands of pounds
(including shells):z

1940=-41 2435
1941-42 3032
1942-43 2893
19435-44 2239
194445 3508
1945-46 4021
194647 6315
1947-48 ?
1948-49 1626
1949-50 2640
L1951 3500
1952 5492
1953 5691
1954 2897
1955 ; 2762

No good information on present rate of utilization is available, but we estimate I
at 20 per cent per year for the province as a whole. Individual areas, when
dug, have up to 75 per cent of their commercial clams removed.

Future Prospects

Practically all the important beds of clams in the province are now being
utilized. OClam growth is slow and reproduction uncertain, so no increase in
yield can be predicted. "Farming®™ clams has been proposed, but will not be-
come economic under foreseeable conditions.




LITTLE=-NECK CLAMS - Protothaca staminea and Venerupis semidecussata

Pregent stock: 3,000,000 1lb, Utilization: 750,000 1b.

Stock in 1980: 3,500,000 1b, Utilization: 1,000,000 1b.

History and Present Status

Up to the middle 19307s only the natlve little-neck (Protothaca) occurred
in British Columbia. The Japanese little-neck or Manila clam was introduced
accldentally with oyster seed, was first distinguished in the statistics in
1951, and now surpasses the native species in commercial importance. Both
species occur, in commercial quantities, almost solelv in the Strait of Georgia.

Recent production is as follows, in thousands of pounds {including shells):

Native Native Manila

194142 200 1948-49 436 oo

194243 249 1949-50 842 0o

1943=44 288 1951 528 179
1944-45 569 1952 493 496
1945-46 548 1953 309 388
1946-47 ? 1954 138 450
1947-48 ? 1955 79 439

Future Prospects

' No very substantial increase in production of little-necks seems likely.
However the Manila clam is gtill extending its range somewhat, and better
knowledge of the desirable frequency of cropping may increase production to
gay a third more than it is at present.

¥




RAZOR CLAMS - Siliqua patula

Present stock: unknown, but large. Present. production: 170,000 1b,

Production in 1980: 500,000 lb.

History and Present Status

~  The razor clam inhabits sand beaches of our coast, especially around the
Queen Charlotte Islands. Recent commercial production is as follows, in
thousands of pounds (including shells):

1941-42 590 1948-49 223
1942-43 390 1949-50 176
1943-44 298 1951 h 136
194445 145 1952 126
1945-46 alv7 1953 154
1946-47 98 1954 272
1947-48 ? 1955 178

Production to-=day is limited by the weather and availability of diggers.

Future Prospects

Considerable inereasse in production seems possible, and will doubtless
occur with increasing population and demand. However the extent of the re-
source is unknown, and the 500,000 pound figure for 1980 is strictly a guess.




OTHER MOLLUSCS

Abalone = Haliotis kamtschatkana
Scallops - Pecten caurinus
Horse clams = Schizothaerus nuttalli
Geoducks = Panope generosa
Mussels = Mytilus edulis and M. californianus
Cockles = Cardium corbis
Mud=clams = Mya arenaria
Octopus = Qectopus. hongkongensis
Squids - Loligo opalescens and other species
Stocks: wunknown; sometimes large Present utilization: non-commercial or

negligible

Utilization in 1980: some species have
large possibilities

Abalones occur mostly on open coasts, from low tide level to several
fathoms depth, and support a very small fishery. A recent limited survey
failed to reveal densities which would permit expanded commercial utilization.

The geallop above is of commercial size, but exploration to date has not
revealed commercial concentrations.

Horse clams ars abundant in parts of the Strait of Georgia and elsewhere,
and were once an important part of the native diet. No market exists for this
large and rather coarse species, but development of one within 25 years is quite
possible-=perhaps as a minced. product.

Geoducks are too scarce in British Columbia to be of interest except to
sportsmen. They occur in a few places in the Strait of Georgia.

Musgel stocks are very large, but demand does not permit commercial util-
ization at presgent.

Cockles are abundant on some sandy beaches, but are not usually marketable,

Mud-clamg do not occur in sufficlent concentrations in British Columbia
to permit commercial utilization. (This is the commercial clam of the east coast.)

Octopus usually do not exceed 2 feet long in our waters, and are only
occasionally used for food. They are found in rock crevices, usually below
low-tide mark. About 75,000 pounds a year are used for bait.

Squids grow to about 8 inches long. The size of British Columbia stocks
is not known and they are used in only insignificant quantities, though a
fishery exists in Califormia and they are extremely important in Asia., Small
quantities of a lerge squid {(Gonatus), about 2 feet long, are taken by trawlers
in deep water and used in preparing oriental foods.



WHALES

Finback whale = Balaenoptera physalus

Blue whale = Balaenoptera musculus
Humpback whale - Megaptera nodosa

Sei whale - Balaenoptera borealis
Sperm whale - Physeter catodon

Gray whale - Egchrichtius glaucus

Right whale = Hubalaena sieboldi

Minke whale - Balaenoptera acutorostrata
Killer whale - Grampus rectipinna

Dall porpoise - Phocecenoides dalli

Present yearly catch (from one shore station): 10 blue whales,

140 finbacks, 60 humpbacks, 130 sei whales, 270 sperm whalesﬂ 610 in
all, (Based cn 1954 and 1955).

Estimated catch in 1980 (from one shore station): About 700 whales, including
more sei whales and a few more sperm whales than at present, but fewer
blues, finbacks and humpbacks.

Estimated cateh in 1980 (from one medium-size factory ship):s About 2,000
whales, of somewhat greater average gize than are taken by a shore station,

History _

The whaling industry along Canada's western coast is served by five
ma jor species: fim, humpback, blue, sel and sperm whales. From one to four
whaling stations have operated on Vancouver Island or the Rueen Charlotte
Islands almost every year since the first station opened in 1906, Table I
shows the catch by species in each S-year period. Since 1919 the catch has
totalled approximately 7,000 whales in the relative proportions of 4% blue,
33% fin, 12% humpback, 8% sei and 42% sperm. At least as many whales were
taken prior to 1919. Complete statistics for these are not available, but it
is known that early catches contained a large proportion of humpback whales.

. Whales are pelagic and migratory animals, knowing no national boundarises.
Canadian coastal waters include only a small part of their range of distribu-
tion. jEvidence, based chiefly on analogy with whale stocks in other localities
suggests that the whales serving the British Columbia industry are mostly
transients alternating between winter breeding grounds in low latitudes and
summer feeding grounds in high latitudes {L). Some interchange between stocks

-in the eastern and western sectors of the North Pacific may occur, but the
extent of this interchange must be determined by whale marking and racial
studies. Interchange across the equator is not great. Recent evidence places
the northern limit of distribution of blue and sel whales as the Aleutian
Islands. No male sperms have been seen north of 62° latitude and no female
sperms have been taken north of 52° latitude (2). Fin and humpback whales are
known to penetrate through Bering Straits into the Arctic Ocean but their
main feeding grounds are probably farther south, near the Aleutian Islands,

Stocks of whales in the northeast Pacific have been exploited by shore
stations operating along the coasts of California, Washington and Alaska as
well as British Columbia, and by factory ships operating off Lower California,
California and in Alaska waters (3, 4). Shore stations operating in Alaska
took almost 9,000 whales, mostly fin and humpback, from 1910 to 1940, A
shore station on the Washington coast took almost 3,000 whales, mostly humpbacks,



Table I, British Columbia total whale catch by species. For 1911-15
and 1916-20 a complete breakdown by species is not available, No
whaling was done in 1921, 1931, 1932, 1939 and 1944-47,

Years No ., of whales No. of whaling station:
‘ Vancouver Gueen
Blue Fin Hump Sei Sperm Others Total = Island Charlotte
' Islands
1911<1915 - oo o0 oo oo ‘ oo 3805 2 2
1916-1920 78 460 287 195 102 8 2217 1 2
1921-1925 151 520 215 288 291 8 1507 1 2
1926-1930 97 632 88 201 538 ) 1668 oo 2
1931=1935 7 rog 15 L 630 oa 761 oo g
1936-1940 © 10 232 27 2 954 oo 1225 oo 2
1941-1943 2 107 41 oo 432 oo 582 oo 2
1948-1950 6 298 286 29 137 1 751 1 oo
19511955 55 909 3028 311 1100 23 2710 1 ‘ oo
15126
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from 1911 to 1925. ©Shore stations and factory ships operating off Gallfornla
and Lower California tock almost 6,000 whales, mostly humpback and blue, from
1919-1930. In 1954 a Japanése factory expedition conducted successful trial
operations in the eastern Aleutian Islends, mostly within a 200 mile radius of
Dutch Harbour. The catch of 1030 consisted of 73 per cent fin whales.

Historical evidence of whaling in the northeast Pacific shows that, as
a whole, this region has sustained a sizeable whale fishery for 50 years.
Humpbacks and blue whale catches have declined rapidly wherever these species
were attacked in numbers. Whaling from all station® has contributed to the
reduction of humpback stocks. Blue whale stocks were reduced chiefly by factory
operations off California and by Alaska stations. Fin whales are distributed
widely and abundantly in the northeast Pacific and appear not to have suffered
greatly under the pressure of whaling. Sei whales have not been exploited
heavily, relative to the other species, owing to their small size and poor yield
of o0il. Sperm whale stocks have not been greatly reduced because of the poly-
gamous. breeding habits of the species and the small slze and limited geographical
dlstrlbutlon of the females,

Whaling is regulated by the International Whaling Convention of 1946, the
terms of which restrict the taking of certain species and female whales accom-
panied by calves, impose minimum length limits for each species, limit the
length of the catching season and restrict factory operations in certain areas,
The North Pacific remains open to factory ship whaling for baleen whales north
-of 20° latitude, except for & section between 20°and 38° latitude and east
of the 150th meridian. Whaling for. sperms remains open to factory ships and
ghore stations throughout the North Pacific. Right whales and gray whales,
two species which were exploited in the North Pacific and Arctic Oceans near
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to extinetion during the last century, are pow completely protected,

Present Status

i The pregent status of the industry is represented by the catches of the
Coal Harbour whaling station, which is located on the west coast of Vancouver
Igsland. This plant, which began operations in 1948, is the only whaling
station now operating along the west coast of North America. Its fleet of 6
catcher boats took 630 whaleg in 1954 and 629 in 1955... Annual catch and. pro-
duction figures are shown in Table II. These catches are taken during a six-
month period from April through September, mostly within 150 miles of the
station.

The-Japanese—cateh—of1030-whales—around-the eastern-Aleutians—in-1964——
comprised 73 per cent fin and 11 per cent blue whales. These were taken at a
‘rate of 2,12 fin whales and 0.32 blue whales per catcher's day’s work (2)., In
British Columbia waters the take per catcher day was 0.28 for fin whales and
0,02 for blue whales, in 1952-55. These figures indicate the much greater
availability of these species in the Aleutian area. No attempt was made by

the Japanese to take sperm whales. In British Columbia the catch of sperm
whales for the years 1952 to 1955 was 2.12 per catcher’s day‘'s work., Catch
per unit of effort figures for the 1954 catch of blue and fin whales in the
Aleutian area. are greater than corresponding figures for the Antarctic, The
entire whale stock in the North Pacific is, however, probably small as compared
to the Antarctic stocks (1), but is concentrated in a smaller area.

Whales taken by the British Columbia station are of a smaller size and
consist of a higher proportion of immature animals than those taken in the
Aleutian area, Immature fin whales comprised 60 per cent of the male and 50
per cent -of the female catch of fin whales in British Columbia as compared to
16 per cent male and 13 per cent female immature whales in the Aleutian catch.
Similar differences occur in the other species. The comparison suggests age
differences in the migratory pattern, but the differences may be in part a
result of differences in the minimum legal length limits adhered to.

Future Trends

No sizeable expansion of the whaling industry in British Columbia may be
expected if the industry continues to operate exclusively from a shore statiom.
Notwithstanding the addition of one or more new stations, an event which seems
unlikely, it is anticipated that only minor changes will occur in the total
annual catches or their specles composition. Additions to the present catch-
ing fleet of 6 vessels would be wvithout economic advantage. Increasing the
range of operations from a shore station 1s unsound because longer towing
times encourages deterioration of the carcass and consequently reduces the
value of the o0il and meat. International Whaling Regulations limit the catch-
ing season to 6 months for baleen whales. Subject to annual variations in
weather, which affects both feeding conditions and the availability of whales
on the grounds, the future catch is expected not to deviate greatly in numbers
from the 1954 and 1955 catches. However the species composition will probably
change somewhat.

Some improvements in catching equipment may be expected in the future.
.These include: faster and more efficient eatchers, sonic aids to location and
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Table IXI., OCatch and production of Coal Harbour whaling stat%ion9 1948-1955.

Year No. of whales 0il yield(bbl)]  Meal Liver 0il Solubles Meat

Blue Fin Hump Sei Sperm Others WTotal {Whale oSperm i long tons)(mﬂ}lion units){long tons)(lcng tons
1948 ., 37 115 2 28 0 182 4509 1170 475 | oo oo oo
1949 2 105 76 B 69 0 255 | 5529 2312 930 oo 670 oo
1950 4 150 95 24 40 1 314 | 8130 1468 1098 oo 2009 oe
1951 9 216 5L 5 153 3 437 | 9335 5108 1578 oo 2375 .
1952 16 240 61 22 126 0 465 11643 4577 1945 L e . .o
1955 8 18L 47 14 275 14 539 | 8426 9829 1786 969,190 3211 609
1954 11 .150 106 134 226 3 630 | 9769 7738 2235 | 557,455 1953 905
1955 11 122 37 136 320 3 629 3

6L 1201 588 340 1237 24 - 3451




chasing, aircraft for spotting whales, and the electric harpoon. Any of these
inncovations would add little to the total cateh as experienced in other local-
ities has shown that in time whales tend to become wary of and avoid fields in
~which whale catchers operate. This tendency would offset advantages derived
from improvements in catching equipment and techniques.

Under present whaling conditions there is little prospect of important

. extensions in the utilization of the raw material. Large investments in
research work on new by-products of various kinds; in countries where whaling
is a major industry, have been without outstanding results. Reduction in the
decomposition of the meat during the interval between catching and processing,
by means of faster towing and blo-chemical treatment of the carsasses, will
result in more of the raw material belng used for animal food. Increasingly

Targer proportions of the catceh are being used for mink food, for which & good
market exists. Conditions in British Columbia are not very favourable for the
production of whale meat for human consumption.

An important expansion in the whaling industry in the Canadian economy
-requires the use of factory ships, which can operate at places and times
when whaleg are most numerous and of best size and quality.. The Japanese
whale catch in the Aleutian area in 1954, when compared to British Columbia
catches shows that the availability is greater, sizes are larger and the
proportion of immature whales in the catch is smaller. Sperm whales also are
more abundant and are larger in northern areas where they consist of mostly
large and mature bulls.

Fin, sel and sperm whales are the species best able to sustain exploitation
in the northeast Pacific. None of these species has yet shown signs of depletion.
The sperm whale could withstand heavier exploitation than it is at present sub-
jected to in this area, and will probably increase in the British Columbia catch.
The catch from British Columbia and northward consists almost entirely of mature
bulls. The few females taken are mostly sexually mature because of the minimum
length limits of 35 feet for sperms taken by shore stations and 38 feet for
sperms taken by faetory ships. ¥Fin whale stocks have withstood heavy exploitation
on both gides of the North Pacific. It is expected that this species will carry
the heaviest burden in the future, though possible excessive international
competition might in time reduce it. The stock of sei whales, although abundant,
has barely been touched because of the small size of this species.

Stocks of blue and humpback whales in the northeast Pacific have been
reduced by factory and shore whaling in the past, and the remaining stocks
will probably not withstand increased pressure. Japanese studies suggest that
the stock of blue whales may now be fairly stable and would not be further
reduced by whaling at the present rate (2). Nevertheless a long closed season
might be recommended, in order to increase its abundance substantially,

Gray whales are reappearing along the west coast of North America in
increasing numbers in recent years and it may soon be possible toc take a limited
nunber. However, in British Columbia waters this specles is available during
its northward spring migration, when the whales are lean and econocmically un-
desirable. At a more distant time, the Pacific right whale may recover its
numbers to a point where exploitation is feasible., ‘

At least three small sﬁecies of whales occur in abundance in the ccastal
waters of British Columbia and offer small potential rewards in the form of
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human or animal food and oil. These are the "minke" whale, the "killer" whale
and the Dall porpoise. Fisheries for "minke" and “killer"™ whales, independent
of the fishery for the larger commercial whale species, are conducted in the
North Atlantic and in waters adjacent to Japan.  The Japanese also utilize
several species of porpoises as a source of human food.. ’
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FUR SEALS - Callothinus ursinus

Present . stocks {includes newborn pups)

Utilization (19585)

Pribilofs: 1,750,000 Canada: 13,100 skins
Asiatic herds: 100,000 ‘U.S.A.3 52,500 ¢
USSR 5,900 "
Stocks in 1980:

Pribilofs:
Asiatic herds:

sqmeWhat less than now
500,000(? )

Utilization:

(Canada's share of the kill
will probably not he greatly
different from the present )

(Note

that the present kill at the

Pribilofs consists only of young

males 41-45 inches long, and takes about 65 per cent of that category

each year.)

History

‘ Fur seals congregate in summer to breed on three groups of islands in the
North Pacific Ocean; for the remainder -of the year they live at gea, mlgratlng

as far gouth as southern California and central Japan.

The breqding colonies

are on the Pribilof Islands controlled by the United States of America, ahd on

the Commander and Robben Islands controlled by the USSR,

existed on the Kuril Islands.

A fourth qolony once

Fur seals had been subjected to one period of over-exploitation durlng the

early Russian occupation of the north Peclflc
After the Alaska purchase, from about 1870 onwards the

recuperated, by 1867,

but had to a considerable degres

herds were again increasingly exploited, and by 1911 the numbers were redyced

to approximately 5 per dent of the probable original peak numbers.
killed both on the islands and pelagically.

Seals wers
In the 1870%s and 188073 pelagic

sealing was exclusively a United States and Canadian industry, and remained pre-
dominantly so till 1897, when the United States prohlbited pelagic sealing by

per nationals.

" and Japan, who first entered the field in the 1890°%s,

Thereafter until 1911 pelaglc seallng was carried.on by Canada

Pelagic sealing became

an important factor in the sealing 1ndustry after 1885 and wag the chief sgurce

of seal skins from 1890 to 1909,

In 1911,

America, Russia, Japan and Great Britain (on behalf of Canada ).

an international convention was gigned by the United States of

Thisg conven-

tion outlawed pelagic sealing except by aboriginals using native methods, and

provided other measures for the proteétion of the seal herds.

The right to

regulate fully the taking of seals from a herd was given to theé nation con-

trolling the breeding island of that herd.

To indemnify other nations for

logses arising from the prohibition of pelagi¢ sealing, the United States agreed-
to deliver to Canada and Japan 15 per cent each of the annual take of seals from

the Pribilof Islands.

Commander Island kill to Canada and Japamn.
agreed to deliver 10 per cent of their kill to Canada, Russia
‘For all herds certain minimum sizes were specified below

the Robben Island,
and the United States.

Rugsia undertook to deliver a gimilar percentage of the

Japan, which at that time controlled

which the above division of kills would not apply.



This convention remained in force until 1941 when it was abrogated by
Japan, In 1942 a provisional agreement for continued protection of the fur
seals was concluded betweemn Canada and the United States. Under this agreement
Canada received 20 per cent of the annual take of skins from the Pribilof Islands.
In late 1955, Canada, Japan, the United States, and the USSR mﬁtqagaln to draw
up a new’Convention for regulated exploitation of the fur seals of the North
Pacific. At the time of writing no agreement has yet been announced.

Table I shows for § year periods the average pelagic kill of seals by Cana-
dian vessels from 1876 to 1910, and from 1911 to 1950 Canada’s share of the kills
from each breeding cqlony together with the average pelagic kill by her aboriginals

WmPresent Status o .

The excessive sealing of the last two decades of the 19th century and the
first decade of the 20th century, which lead to the rapid décline of all herds,

.was halted!by the Treaty of 1911. By this time the Pribilof herd numbered little

more than 100,000 animals, the Robben Island herd about 7,200 animals and the

Commander Island herd 10,000 to 15,000 animals. The Kuril herd had disappeared.

The recovery of the Pribilof and Robben herds began soon after the Treaty
went into effect. Poaching was nearly eliminated and a conservative policy of
killing only 3= and 4-year old males 1nSt1tutedo Under these conditions the
Pribilof and Robben herds grew rapldly until the early 1940°s, when both herds
began to approach-their natural growth ceiling and a state of eqﬁlllbrlum° The
latest available figures (1955) show that the Pribilof herd numberts about 1,750,000
animals and the Robben herd about 50,000 amimals. The Commander herd was not
given an opportunity to recover until much later than the other two. Intensive
sealing continued on and about the islands after 1911. Ralding and haphazard
management prevailed as a result of the Russo-Japanese war ‘and the Russian Rev-
olution. Poaching went on until at least 1922 when the herd was reduced to less
than 18,000 animals. Russian figures published in 1934 indicated that the Commander
herd then numbered only 15,200 animals. Since that time growth has apparently
been more rapid for the latest Soviet figures show that in 1955 the Commander
herd numbered between 50,000 and 55,000 animals. The Russians consgider that the
Jommander herd is still in a state of rapid growth and has not yet reached its
mature population ceiling.

Future Prospects

If existing methods of management and conservation are continued, little
increase in the sizes of and kills from thé Pribilof and Robben herds can be
expected. However, if properly managed the Commander herd should continue to
grow in size. If allowed to reach its growth ceiling it could contain 300,000~
500,000 animals, which i$ its estimated size during the early era of exploi-
tation from 1871-1891. If, therefore, present management policies continue
Canada cannoﬂ expect any 1ncrease in the number of geal skins received, as under
agreements in force in 1955 Canada shares only in the Pribilof kill.

Best information on fur seal management indicates that maximum sustained
yield may be dbtainad from a population somewhat below the size which could be
reached by exempting all females from capture. That is, the present kill of
males could probably be obtained from a somewhat smaller herd; and to reduce
the herd to this gize and to maintain it there would call for the annual killing
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Teble I, Canada's share in the North Pacific fur seal kill from 1876 to 1955

Period Pelagic kill - Land kill Total
Canadian sealing Aboriginals Pribilof TRobben  Commander
vessels Islands Island . Islands

1876-80 8,798 s . oo oo 8,798
1881-85 ' 13,478 oo coo C aee coo 13,478
1886~90 35,802 oo oo caa coo 35,802
1891-95 67,104 cae voa can . 67,104
1896-1900— 37102 5 5 sos cea 37,108 -
1901-05 18,049 e e . aoo 18,049
1906-10 : 5,739 cos oo e oo 5,739
1911-15 coo 815 1,0002 45 coso 1,051
1916-20 Ceee 319 35,6010 33 72,° 3,276
1921-25 coe 2,880 3,235 76 e 5,991
1926-30 0oa 2,406 4,754 157 oo 7,317
1931-35 coo 1,266 7,927 182 e 9,375
1936-40 o 1,300 8,758 252 oo 10,310
1941-45 vos 159 12,522 v s 12,5%6
1946-50 coo 124 13,084 oo oo 13,206
1951 coo 534 12,138 soo oo 12,672
1952 coo 28 12,784 vao oo 12,812
1953 coo ' 54 13,334 coo cao 13,388
1954 o aee © 12,776 oo coa 12,776

1955 . soo soa 13,128 soa 0o o 13,128

T

8Canada received 1,000 Pribilof Island skins in 1912. From August 24, 1912 to
August 25, 1917 the killing of fur seals on the Pribilof Islands ekcept for
essential food use by natives was prohibited. During this period Canada did not
receive a share of the. skins,

bIn 1917 Canada received 1,000 gkins ag her share of the kill taken after August ‘
25, 1917. The average of 3,601 skins from the Pribilof Islands for 1916-20 re-
presents the average of the kills from 1917=20. The average of 3,276 in the
total column represents the full 5 year average of 1916-20. This explains why
the number in the total column is less than the average number received from

the Pribilof Islands,

CA ghare of the Commander Island kill was received from the USSR in 1917, 1918
and 1919 only. Apparently thereafter no further skins were received from this
source.

dThe low kill reflects interference due to wartime conditions.

€Surveys by the Department of Fisheries in 1954 and 1955 revealed that the Canadian

coastal Indians possessed no servicpable aboriginal equipment (cances and spears)
suitable for taking fur seals.
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of a certain number of female seals., This increased kill mlght be in the
nelghbourhood of 80,000 to 85,000 males and females a year, as compared with
the present 65, OOO=70 000,

The relatiénship between fur seals and other marine resources may be an
important factor in determining the optimum size of the seal population. About
So'per‘cent by volume of the food consumed by seals consists of species of some
direct commercial importance (4). A considerable proportion of the remainder
congisted of species for which seals compete with food fish. Whether this

predation and competition is sufficient to warrant a serious reduction in the
size of the seal herd has yet to be determined. There would be a temporary
increase in gkins taken, followed by a period of somewhat lower sustained yield.

Because of this uncertainty concerning degirable management policy, con=

cerning the ultimate sizes of the various herds, and what share of their harvests
Canada may obtain in future, our best tentative prediction is for a 1980
Canadian yield of the same size as to-day.
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86 pp.
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SEA OTTER - Enhydra lutris

Present Canadian stock: none

Stock in 1980: wup to 500 otters Catch: none

Historl

The sea . dtter is one of the two marine fur-bearers of the Pacific coast.
Unlike the fur seal, it does not perform long migrations, and its food consists
of molluscs and crustaceans teken on the sea bottom.,

I — Unrestrained hunting by pelagic sealers in the late 19th century and the—

first decade of the 20th century exterminated sea otters in British Columbia

and almost exterminated them in Alaska. The Treaty of 1911 for the conservation
of fur seals and sea otters signed by Russia, Japan, the United States of
America and Great Britain (for Canada) prohibited completely the taking of sea
otters. The following table shows the average number of sea otter skins per
year teken by Canadian vessels in waters off British Columbia, Alagka and pro-
bably also Siberia. The first year for which statistics are available is 1879.

Years included Av. no. of sgkins Av. price per sgkin
1879-1881 98 : $ 40
1882, 1883, 1885, 1886 g7 ' $ 53
1887-1890 98 $ 84
1892-1896 16 $120
1897, 1898, 1900, 1901 28 $325
1902, 1904, 1906 10 $437
1907, 1911 21 $552

The average catch declined suddenly about 1891, probably as a result of the
modus vivendi of 1891 and 1892 which prohibited pelagic sealing in the Bering
Sea, and of the Paris Tribunal of 1893 which prohibited pelagic sealing and
sea otter hunting in the Bering Sea within the 3-mile limit and within 60 miles
of the Pribilof Islands. The largest catch of 170 skins was reported in 1882
and the smallest of 7 gkins in 1904 and 1911, The price per skin rose to a
high of $800 in 1911.

The catches above, however, give no idea of the original abundance of the
gea otter, for by 1879 it had already been subjected to more than 50 years of
unrestricted utilization, and relatively few survived.

Present Status

The only known colonies of sea otters in North America are (1) several
hundred individuals off California; and (2) several thousand individuals on
Amchitke Igland in the Aleutian chain. No colonies are known to survive in
Cenadian waters.

The colony on Amchitka Igland is being studied intensively by the United
States Fish and Wildlife Service to determine whether sea otters can be trans-
planted to other regions, how this should be done and what type of locality is
most suitable; similar experiments have been or are being tried in the USSR.



Future Prospsécts

“If transplantation of sea otters proves successful, the possibility exists
that these animals could be re-introduced into Canade from Alaskan or Siberian
sources. However, a long period of complete protection would be necessary after
transplantation, to allow the colony to become established and to grow. Thus
even 1f a trial could be made in the near future, it is unlikely that any
colonies establighed would become large enough to warrant harvesting within the

next 25 years. Over a longer period, we may look forward to having a large
stock and annual return from this valuable fur-bearer.




SEA-LIONS - Eumetopias jubata

Pregent stock: 10,000-15,000 Utilization: 90~100 animals (1952-54)
Stock in 1980: somewhat less Utilization: 1,500 animals
History

Steller sea lions are large animals, males reaching more than a ton in
weight. They range along the entire British Columbia coast, and congregate
to breed on a number of rocky islands offshore. This species has no history
of extensive utilization and at present is of minor commercial value as a source

of-mink-food+——8mall-attempts-at—utilization for this purpose-were-made-in
1952 1953 and 1954 when 3, 14 and 4 tons of meat were landed, respectlvelyo
About 1915, omne manufacturer used the hides for making gloves, boots and
.mocassins. He found them to be fine-grained, pliable and water resistant.

The sea lion is a nuisance to fishermen by damaging nets and feeding on
fish in the nets and on trolls. Accordingly attempts have been made to reduce
the size of breeding colonies near important fishing areas. The average number
reported killed per year is as follows (for some years data are not available):

Years: Av, no, killed
1915 2,875
1922-26 1,919
1927-30 1,308
1935~39 2,202
1940-44 125
1945-49 268
1950-51 329

Present Status

At the present time there is little information on sea lions in Brltlsh
Columbia waters. An 1nvest1gatlon is planned for 1956 aimed at improving know-
ledge of their food and population dynamics. Obgervations made on one colony
of 3,000-4,000 apimals in 1953 showed that about 70 per cent were females, 10
per cent harem males, and 20 per cent idle males, either young or past their prime.
Harems mostly contained from 1 to 14 cows.

Three censuses have been reported, as follows:

Yehr . Agency BEstimate Remarks
1913 B. C. Fisheries Dept. 11,000 One. large and several
small colonies over-
looked
1938 Canada Fisheries Dept. 14,000
1955 " " " 9,000

These figures doc not include animals which are not hauled out on the rocks at the
time of the census,



- Future Prospects

The 1952-54 trial harvests of sea lions for mink food appear to offer some
promise for the establishment of a minor industry. $So far the operations have
not been a great financial succdess, but more experience and improved equipment
are expected to correct this, The difficulties stem mainly from the remote and
exposed situation of the rookeries. An eventual utilization of 1,000-2,000
animals per year seems feasible, particularly if the harvest is directed primarily
at the males, as with fur seals. Renewed attempts to use the skins may be made.

Reference
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SEAWEEDS

Large kelps - Macrocystis and Nereocystis
Small kelps - Laminaria, Alaria, Hedophyllum51 etc°

Red algae - Gracllarla etco
Present stock: 1,000,000 tons of large kelps Utilization: nil

500,000 tons of small kelps
¥large gquantities™ of red algae
Stock in 1980: no change Utilization: unpredictable

Present Status

Kelps are a source of algin, while red algae supply agaragar. Preliminary
surveys of the abundance of kelps in British Columbia waters have revealed
large quantities of Macrocystis and Nereocystis (1, 2, 3). Ideally, the whole
of a year's crop could be harvested, though of course scattered colonies would
not be profitable to work with.

Less information is available on the abundance of agar-producing plants,
but it is known to be considerable. At present there is little utilization of
elther type in British Columbia. ' '

Future Prospects ~

The seaweeds are a marine resource of great potential importance. Agar
and algin have numerous industrial uses. Exploitation of our stocks will be
possible if demand increases or if improved processing methods are discovered.
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NEW SPECIES (Pacific Area)

Occasional guccessful transplantation of marine organisms hers and in
other parts of the world have stimulated interest in other possibilities. The
two significant imports which we have to-day are the Pacific oyster and the
Manila clam, both introduced from Japan (the clam accidentally). Though these
two may to some extent have suppressed the native oyster and native little-neck
clam, respectively, there has been a net gain in both cases because of the

greater abundance and adaptability of the newcomers.

Ag far as fish are concerned, the north Pacific has already by far the
richest fauna of any temperate region of the earth, so that it is difficult or
impossible to propose any species that would £ill an ecological gap snd which

would be unlikely to damage native species. The Atlantic shad occurs sparingly
in our large rivers, having moved north after successful introductions in
California (1), Unlike nearly all other temperate parts of the world, the
eastern shore of the north Pacific has no freshwater eels, but this omission is
one that we are anxious to maintain, because of their possible predation on
salmon and trout. Atlantic salmon have been proposed for British Columbis,
mainly as a basis for summer freshwater angling, but they would have difficulty
in establishing themselves in the face of competition from the numerous native
salmonids, especially coho salmon, steelhead and cutthroat trout. Transplanta-
tions to date have failed. :

The only obvious weakness in the actual and potential fisheries picture
of British Columbia is the relative unimportance of crustaceans, as compared
with eastern Canada and other parts of the world. The Pacific crabd supports
a minor though important fishery, but we miss the king crabs to the north and
the spiny lobsters to the south. Two kinds of animals have been proposed to
augment this branch of the industry: the eastern lobster, Homarus americanus,
and a spiny lobster, Jasus lalandei.

Lobsters: The eastern lobster is the more familiar of these and seems to
offer greatest opportunities. There is little likelihood that it would ever
become asg abundant as in eastern Canada, because much of the Pacific coast lacks
the shelving coastal underwater terrain which makes good lobster ground; never-
thelesg, there are considerable areas which seem suitable.

It has been shown that adult lobsters survive well in enclosures in the
Strait of Georgia, but no survival of larvae has been observed, possibly because
of periodic low surface salinity in late spring and summer., Following three
earlier failures in 1898-1909, the possibilities of this area were again tested,
by a large-scale introduction to Lasqueti Island in 1946, with negative results
(3)., Temales were observed carrying eggs a year later (2), but no young lob-
gters were ever found. Any future trials should probably be in a region less
affected by river run-off, such as the west coast of Vancouver Island or some-
where in the Queen Charlotte Islands area. There is as yet no reason to presume
that success is impossible, though it seems clear that it will not come easily.

Lobsters do not favor the sandy bottom preferred by our Pacific crab, so
little competition between the two would be likely.



Spiny lobster or crayfish. The native spiny "™lobster™ of the North
American coast (Panulirus) is abundant in southern California, but does not range
north to British Columbia. In the southern hemisphere a species of the related
genus Jasus supports a large fishery in temperate waters. (Most species occur
in warm water.) This might prove adapted to our conditioms. Though it would
be unlikely to support any really large fishery here, catches of the same order
as the present crab fishery might be possible. Spiny lobsters tend to frequent
rocky ccasts,
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APPENDIX: COMPILATION OF POTENTTIAL EXTENSICNS TO
 SATMON SPAWNING GROUNDS IN BRITISH COLUMBIA

Prepared by the Department of Fisheries,
Vancouver O0ffice, February, 1956,

The economic aspects of increasing the production of salmon by appliecation
of fish culturse technique involving the removal or laddering of obstructions
which limit the spawning and rearing areas in streams presently avéilable to

make streams completely inaccessible to salmon has been examined by the Fish
Culture and Development Branch of the Department .

Gomplete information on all such streams was submitted by the Fishery Officer
in edch area. This included information on the type of obstruction, its height,
its distance from the mouth of the stream, and its aceessibility. In thoss
streams which presently support runs of salmon the average number of each species
which spawned during the past 10 years was given and the length of stream which
would be made available for spawning and rearing by removal or laddering the
obstruction was estimated.

The information was then tabulated and each stream was subjected to pre-
liminary biologieal and engineering analysis. With the exception of major streams,
a height of 30 feet was set as the maximum height of obstruection which could be
economically laddered. Factors such as the present or peotential use of the
water above the obstruction for industrial qr other purposes and the ratio
between the cost of laddering or improving the obstruction and the length of
stream that would be made available were also considered.

A total of 99 streams which presently support runs of salmon were analyzed
on the above basis. ©Of these 70 were selected as being economically possible
to develop within the next twenty-five year period. The removal or laddering
of the obstructions on these streams would make available an additional 263 miles
of spawning and rearing area. These stireams are presently supporting, on 202
miles of spawning and rearing area, an estimated population of 1,300,000 salmon.
Agsuming a direct relationship between population and spawning and rearing area,
it is estimated that the spawning population would be increased by 1,700,000
gsalmon by making available the additional 263 miles of spawning and rearing
area, On the basis of a 1:1 catch escapement ratio, which is considered con=
servative, the commercial cateh would be inereased by the same amount, i.e.
1,700,000 salmon.

The landed value of salmon caught during the past five years has averaged
$22,400,000.00., Based on the analysis of species which would utilize the 263
miles of spawning and rearing area, it has been estimated that this annual
landed value would be increased by $1,500,000, or $36,600,000 during the next
twenty-five year period. This represents a net increase of almost 7%,

To make these areas accessible a total of 86 separate projects would be
involved and the appreximate total height of fishways to be built would amount
to 1,%43% feet. At present costs this would require a ‘total expenditure of 2%
to 3% million dollars or an annual expenditure of $100,000 to $150,000 over
the twenty-five year period.



The analysis of 19 streams which are presently inaccessible to salmon
indicated that 17 might possibly be economically opened up. The potential
salmon preduction of these streams could not be assessed due to the lack of
gquantitative data. It is estimated these streams would involve 19 separats
projects and the total height of fishways to be built would amount to 375 feet.
This would require a total expenditure of $750,000.00 to $1,120,000.00 or an
annual expenditure of $30,000.00 to $45,000.00 over the twenty-five year
period,

The implementation of this program in the twenty-five year period would
require the completion of four projects per year. It is estimated that to carry
out the necessary engineering surveys, to complete the structural designs, to
prepare plang and specifications and to supervigse comstruction would require
the full time attention of four engineers and four technicians. Biologiecal

personnel requirements to carry out detailed surveys, investigate and implement
necessary fish culture techniques and assess results are estimated to be three
biologists and three techniecians.

Since nearly all projects are in coastal locations, special survey and
construction boats to be used execlusively for this work would probably be
necessary, and special communication equipment would be desirable. Travel by
chartered aireraft and survey by helicopter would be required freguently. In
view of these extraordinary expenditures, the overhead cost in salaries,
travel, equipment, etc. in addition tc maintenance of the structures, could
easily approach 507 of the construction costs cited above,

Tables summarizing the streams in each district and related data pertinent
to the survey are attachedu{ %ﬁ;; S




ARCTIC REGION




INTRODUCTION

Exploration and evaluation of Arctic resources is in an early stage. On
the basis of present knowledge it is convenient to treat the stocks of marine
mammals as a unit, but to divide the account of fishes into an eastern and a
western sector. This is followed by some discussion of plankton as a potential

regource.

In general, the slow growth and low metabolism which prevails in true Arctic
waters precludes the expectation of large sustained yields of fishes on a commer-
cial basis, such as those we regularly obtain from more southern waters. Thus
marine Arctic resources cannot on the whole be expected to be the basis of much

mdre*thanm“subsisten@e“*fisheri631”“AE"such;*there“fs*rvﬁm‘for very cornsiderable
inerease in utilization. There is some evidence, too, that exploitation of’
certain whales and fishes ih the Arectic could approach minor commercial levels,
under careful management (4, 5).

Climatic Change : :

The climatic warming which began about 1920, manifested in the North Atlantic
by increased Drift (Gulf Stream) influence, made itself felt principally in west
Spitsbergen, Iceland, and west Greenland, areas dominated by Drift water. The
effect in Canada has been very much less, especially in the sea (marine climate
as opposed to atmospheric climate)., This might be expected on general grounds,
since an increased delivery of Atlantic water into the Polar Sea, which appears
to have been happening, would inevitably result in an increased outpouring of
arctic water from the Polar Sea; and one of the two main outlets from the Polar
Sea is by way of the Canadian Current coming down the east coast of Baffin Island
and contributing a great deal of the water of the Labrador Current. Rastern
Canadian waters would thus be buffered against the increaged Atlantic influence
by the increased arctic element.

It is not probable therefore that the recent climatic change has had any
important effect on the resources of the waters of the Canadian eastern arctic
and subarctic., And it follows that, if the ceycle has now reached its peak, the
subsequent cooling will probably affect the Canadian eastern arctic as little
as the warming has,

There is also another point. If the Atlantic Drift system relaxes, then
the velocity of the west Greenland Current, and probably also its mass, will
decrease, in which case the effect of the earth's rotation (Coriolis force) upon
it will decrease, and it will not be pressed sc strongly in to the Greenland
coast. It may thus be expected to swing more and more to the west, towards
Labrador and the eastern end of Hudson Strait, so that even though the marine
climate of the North Atlantic in general may cool, the waters of the Csnadian
geaboard may be unaffected by this cooling for a few years, and may even continue
in the very gradual warming which they have been showing.,

There 1s evidence that this is in fact happening at present. The waters of
Spitsbergen, the Faerces, lceland and possibly also west Greenland, have been
less warm during very recent. years, and there is no evidence of warming in west
Greenland since the middle 1930's. On the other hand, the Nova Scotian waters are
continuing, at least up to the present (1955), the slow warming which has been
observed there for several years.

The conclusion is that whatever may happen to climate generally, in the next



few decades, the effects on the Canadian arctic and subarctic waters will not be
spectacular and will have little influence on their economic possibilities. The
distribution of the capelin, for instance, may change one way or the otHer to a
small extent, and the position of planktonic indicators will no doubt show similar
fluctuations, but it is very unlikely that any significant variations in resources
will occur as the result of climatic change.

Farther south, of course, in the Newfoundland and Nova Scotian areas, changes
might have quite important effects, even in the ghort span of one decads,
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ARCTIC MARINE MAMMALS

0

Odobenus rosmarus
Phoca hispida
Erignathus barbatus
Delphinapterus leucas
Moncdon monoceros
Balaena mysticetus

Atlantic walrus

Ringed or jar seal

Bearded seal or square flipper
White whale or beluga

Narwhal

Greenland right whale or bowhead

§

b

§

[

b

Atlantic Walrus

The walrus is one of the most important factors in the living economy of
the people-in the eastern Arctic. Commercial exploitation by civilized men was

active in the past, largely contributing to a drastic reduction in range in the
last 200-300 years. (It was once abundant on Sable Island off Nova Scotia.)
Seientific study of the Atlantic walrus has only recently begun, and little can

be ' said of its possibilities, except that reviewad commercial exploitation is not
possible. On present results, the northern Hudson Bay stock is estimated at
2,000-3,000 animals. The Foxe Basin stock is not known, but probably is somewhat
larger. Nothing is known of the size of stocks along the eagt and north coasts of
Baffin lsland, or in the waters of the Arectic Islands. Nor is it known %o What
eXtent the several groups are in contact with each cther, or what migrations
occur., It is unlikely that the native kill can safely be raised much if any above
its present level, which is between 500 and 1,000 animals per year, with yearly

variations.

For the long view, as we become more familiar with habits and management
of walruses, consideration can be given to re-establishing the species in the
more out-of-fthe-way parts of its former range. Its food being mostly molluscs,
worms, etc., of no value to man, there would be no competition with fisheries,

Ringed Seal

This is the commonest seal of the north and the mainstay of the native
economy over considerable areas of the total Eskimo range. It is most abundant
along complex coastlines, where there is sheltered water, with early-forming
and late-melting ice. The type of coastline thus largely determines the dist-
ribution of this seal. Hudson Bay is poor in ringed seals, especially in summer.
Northern shores of Hudson Strait are rich in ringed seal, and the Baffin Island
coast as a whole 1s well stocked. Ungava Bay is poor.

An estimate of the total stock camnct be made at present. Reliable
figures for the annual take are nct availlable; the catech probably is of the
order of 10,000-30,000. There is no real evidence that the numbers are declining,
but it is not likely that a much larger kill could be sustained in the areas
where it is now regularly used. The more southerly Eskimes give some cause for
concern through irresponsible shooting habits, where large numbers of seals are
wasted because they are shot from tco far away and cannot be harpooned and re-
trieved,

Sealskins are bought by Hudson's Bay Company posts where sealing is best
(Baffin Island, especially Pangnirtung). Raising of the numbers bought pro-
bably would be unwise, although it is too early to tell what the effect of such
purchasing is on the stock,



White Whale

[

This small whale (13 feet ) is fairly widely distributed throughout the
Arctie, Known centers of abundance have been mapped by Vliadykov (9). The size
of the stocks is unknown. It is used by Eskimos and Indians, especially near
the mouths of large rivers, and supports a small-scale commercial enterprise at
Churchill, Menitoba (2)., Catch statistics and estimates of belugas taken in the
eagtern Arctic are as follows:

Year Churchill Pangnirtunga Other Areasb
1948 ? . 107 ?

1949 206 191 ?

1950 326 87 _ ?

1951 584 292 ?

1952 699 204 More than 121
1953 559 213 w ® 90
1954 595 186 " " 586
1955 498 255 " ® 75

8Catches estimated from cil yield (at a rate of 30 gallons per animal,
the mean yield at Churchill).

bFrom R.C.M.P., reports,

At Churchill, the two main products of the industry are oil, and meat for
mink food. The carcass is "hogged™ entire so that little is wasted. Improve=
ments in the machinery used could lead to a yield of 750 pounds per animal,
about 250 pounds more than at pregsent. There is a quota of 800 animals yearly
for the area, butﬁhas not yet been reached. HRecent aerial surveys show no
decline, possibly an increase, around Churchill,

Elsewhere in the Arctic the chase for beluga is by and for the native
population. Much more research is needed in Hudson Bay and at other points.

In the Western Arctic, estimates of the stock vary from 3,000 to 10,000
in the Mackenzie delta and adjacent regions. A large year's catch would be 400
whales for this area. Probably more could be taken.

Narwhal

Very little 1s known about this small whale, which ranges farther north
than the beluga, but overlaps the latter. It is taken whenever possible by
natives, usually with white whales. No more than 100-200 a year are taken at
present., Experiments with hunting methods may lead to more being caught.

Bowhead Whale

This large baleen whale was hunted almost to extinction by commercial
whalers between 1612 and 1887 in the eastern Arctic. The same happened in the
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Western Arctic between 1888 and 1912, The species has been protected ever since,
and scattered individuals can now be seen in parts of Davis Strait. The Eskimos
have forgotten how to hunt it, but it should be possible before long to use it
again the Arctic human economy. large-scale commercial utilization does not
seem likely within 25 years. '




EASTERN ARCTIC FISHES

Atlantie cod = Gadus callarias

Arctic char = Balvelinus alpinus

Greenland halibut = Reinhardtius hippoglossoides
Greenland shark = Somnlosus microcephalus
Atlantic salmon -~ Salmo salar '
-Bpeckled trout = Balvelinus fontinalisg

Whitefishes and ciscoes — Coregonus and Leucichthys

Atlantic Cod

Cod become available from late July to September in the Port Burwell
region, northeast Ungawa Bay. Exploltation in this area 1s virtually nil, but
the cod can be caught by hand line (jig) at the rate of about 20 per man per
hour. THe size of the stock is unknown, but it is considered adequate.to support
a local fishery which cculd serve settlements on the Ungava Bay coast, including
any new mining developmentis. The present human population of Burwell is about
twenty. The economy of this small native group is in good shape, since sea
mammals are in good supply. Native fishermen from other settlements where the
native economy 1s poor could be brought to Burwell with the development of a small
cod fishery. The Burwell natives could be encouraged to fish for cash profit,
the figh being distributed to other posts. The cod would have to be salted or
frozen, since the moist foggy climate would not permit successful drying (6).

Aretic Char

The Arctic char is widely distributed all over the Arctic and to a lesgser
extent in the subarctic {7, 8, 10). It is present as an anadromous migrant in
far more rivers and streams than are normally visited by the Eskimos. Sizes of
stocks and potential sustained yields are largely unknown. Accurate figures on
the present take and utilization, and detailed information on methods, are not
yet available or are very sketchy. A take of over 10,000 fish a year by a given
post at present is not very common. A large take would be that of, for example,
Pelly Bay in 1953-54, when about 60,000 pounds (approximately 30,000 fish) were
taken.

The char offers a resource which can stand considerable increase in ex-
ploitation, provided the increase is spread over many rivers and is not concen-
trated on a few, for the species grows and breeds slowly. The use of the char
by the Eskimos could be increased greatly (perhaps more than doubled) by pro-
viding more boats for mobility, and smoking plants and instructions in the use
of them. There 1s almost no effort at present to preserve char for winter use.

Char can be taken on spoons and spinners, and they fight energetically.
It is possible therefore that they will be of some importance as an cbject of
sport fishing as the Aretic continues to open up and become easier of access.



Greenland Halibut

This flounder is known along the Labrador, and the young have been taken
around Port Burwell, Studies on the feeding habits of the large colonies of
Murres on Akpatok Island in northwest Ungava Bay revealed that the nestlings
of these colonies are fed, among many other things, young Greenland halibut.
Stocksg are unknown. There is a great deal of exploratory fishing %o be done
before the economic potential of this fish can be established. There is hope
that there may be a usable supply off the east coast of Baffin Island., It is
a very useful fish, easy to smoke, fat and of excellent flavour. It is an
important item in the Greenland economy.

Greenland Shark

This shark is found all over the eastern Aretic with the probable exception
of Hudsoh Bay, especially in good sealing areas. It 1s very simple to catch on
long lines or hand lines, using seal fat as bait. It has never been used in
the Canadian north, but hes long been an important fish in Greenland. Its meat,
dried 'and mixed with seal oil can be used for dog-food, an important problem in
Arctic living. The skin, though difficult to tan, is very strong. The liver is
rich in oil and Vitamin A, Sizes of stocks are unknown, but the fish is available
and catchliable, and forms a resource of potential value,

Atlantic Salmon

Salmon were at one time fished commercially in the Koksoek and George
Rivers of Ungava Bay, but the take declined rapidly and the operation was
gtopped about 1934. Probably because of slow growth and low metabolism as in
the Aretic char, salmon cannot support heavy commercial exploitation at the
northerly limit of their range. But they (and also the lake trout and speckled
trout) offer opportunities for sport fishing in the north up to Hudson Strait.
With the increasing use of airecraft for private hunting and fishing expeditions,
this perhaps is not a negligible economic factor. There has been no recent
work done to establish the present stocks, and a sustained yield figure cannot
be estimated at present.

8peckled Trout and Whitefisghes

Speckled trout occur in rivers entering Hudson Bay and James Bay, south
of 58° latitude, approximately. Their habits in the larger rivers resembles
those of the arctic char to the northward: a summer feeding excursion in the
gea, followed by spawning and wintering in fresh water. ThHey are netted by
local populations, and also pursued for sport by occasional visitors,

Whitefishes of one species or another occur rather generally in Arctic and
Subarctic fresh waters. They run to brackish or salt water in such rivers as
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Nelson, Churchill, Winisk, Attawapiskat, etc., but the general distribution of
these anadromous stocks has not yet been mapped. Utilization is mainly by local
Indian or Eskimo villagers.




WESTERN ARCTIC FISHES

Whitefish -~ Coregonug spp.
Inconnu - Stenodus

Cisco or tullibee - Leucichthys
Loche or burbot - Lota
Jackfish or pike = Esgox

Suckers =.-Catostomus

Lake trout = Salvelilnus namaycush

Grayling = Thymallus

Capelin - Mallotus villosus

Cod - at leagt two species
Flatfishes— = Platichthys and at least—oneother

The Canadian western Arctic mainland coast, east to the Mackenzie delta
and somewhat beyond, has warmer water than the central area. The fisheries are
however mainly for species of typiecally freshwater aspect, which enter brackish
or salt water in summer. At low temperatures freshwater fish have a much greater
tolerance for salt water, which explains their frequent marine excursions in the
north.

Whitefish, incomnnu, lake herring, loche, jackfish, suckers, trout, grayling.
These species are caught and utilized in the lower Mackenzie River and its tri-
butaries, and are listed in order of importance. On the coast many of these
largely freshwater species persist since the fresh water of the Mackenzie strongly
influences adjacent coastal waters. '

In the region of Tuktoyaktuk, about 70 miles east of the Delta, "herring”
flatfish and smelt {(capelin) are taken in addition. The most common method of
fishing is by gill net. Some jigging and gill netting is carried on through
holes cut in the ice, and sweep nets are used on certain species.

The local people, mostly Eskimo and Indian, and their dogs depend to a
large degree on the fish in this region.for their food supply. An estimate of the
present utilization for the peoples of the coastal region and up the Mackenzie
River as far as Great Slave Lake is 3,000,000 fish annually {(about 6 million 1b,).
It appears that more fish could be taken, probably at least twice the present
catch, providing some changes in technique and use of additional gear can be in-
gbituted, ‘ o

Apart from greater production from the Mackenzie River, an increase in the
catch of marine smelt may be feasible, and there may be a considerable flatfish
stock offshore. HExploration is required to establish this point.



PLANKTON

The standing summer crop of plankton organisms is very heavy in northern
waters especially in the subarctic belt where both polar and Atlantic water are
found together., Efforts to make direct use of this enormous resource in wvarious
parts of the world havenot so far met with much success, because of the technolo-
gieal difficulties of harvesting the plankiton in large enocugh quantities to make
it econocmically workable. Methods of using algal material for food, however, have
already been devised and will no doubt improve, and there should be no great
difficulty in using the zooplankton, especially the crustacean elements which
are often taken in plankton nets to the exclusion of almost all else. The diffi-
culties are in the actual large-scale collection of the plankton, and since they
are purely technological problems, it seems reasonable to predict that the sub-
arctic plankton will one day make a valuable direct contribution to the northern

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr €CORomy-.

Utilization of plankton is more promising and more desirable in northern
seag than anywhere else. On the one hand, the cold water, slow growth and
scarcity of enemies permits the accumulation of dense plankton suspensions, so
that harvesting will be easier than in temperate waters. On the other hand, the
Arctic largely lacks the kinds of fish which, in other climates, convert plankton
to a form usable by man. In the long run this may even be an advantage, since
direct utilization of plankton should give us a much greater yield of protein and
oil.

INCREASED POPULATION AND ARCTIC RESOURCES

Air bases, weather gtations, radar stations and mining camps have increased
the "steady state"™ population of the north very greatly. In the present context
the following points can be made:

l. Egkimos are employed on many of these developments and become, at least for
a time, unskilled labour leading a non-Eskimo life. This is a matter of policy
about which there is much controversy. Presumably it relieves the hunting
pressure on local seal stocks, etec., to some extent.

2. Non-native personnel are not allowed to hunt sea mammals {with the exception
of beluga at. Churchill): but they may fish. OSuch sport fishing should not have
any significant effect on the stocks unless the number of fishermen were to in-
crease enormously over the present level.

3., Certain resources offer possibilities of supplying local fresh food for the
camp and station personnel, which is good for general health and alsc reduces
the ccst of the commissariat as a whole. Properly organized, the arctic char
could fill such a role as this, and a lucrative char fishery could be developed
for the natives. The Atlantic cod at Port Burwell could also be used in this
way to supply towns at iron ore development. In both cases, however, purposeful
organization and planning, and priming with capital in the beginning, would be
necessary.

4, The larger operations, such as air bases, create a disturbance lLarge enough to
alter the distribution of the sea mammals., This has happened, according to report, at
Thule in northwest Greenland. The Thule Eskimos have moved north, away from the base.
Bases in Canada are smaller than Thule, and it is doubtful if this has occurred in
this country as yet. The most likely point for such an effect would be Frobisher

Bay.
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INTRCDUCTION

No really comprehensive review of Canadian freshwater fisheries could be
attempted in the time avallable, mainly because their diversity makes it a
formidable task. The number of species 1s no greater than in the sea, but the
kinds and numbers of bodies of water involved is very great. In addition, fresh-
water fisheries administration is divided among even more suthorities than there
are political units involved, because of the separation of sport and commercial

fishing in some provinces.

Canada's Freshwater Area
One' of the moat informative ways to consider fish production is in relation
to the 4rea of the bodies of water in guestion. The freshwater area of Canada has

of courge not been determined with any precision:—We will use ma iniv’ffgur é’S’fg'i’ venw

in the Canada Year Book, 1951 edition, which include a total for each province and
estimates of the larger lakes separately. The total is apparently not meant %o
include running water, so 0.5 per cent of the land area of each province is added
to take care of that type of environment. (Much angling is done in streams: in
fact, they are probably better harvested than are lakes, on the whole.) For other
modifications, see under the separate provinces.

Commercial Fishing

Catch statistics of freshwater net fisheries are usually fairly well collected,
exceptions being the "subsistence” and "fur-farm®™ fishing in some provinces.
Statistics show the kinds of fish caught and to a large extent thelr origin, so that
posgible future yields can be projected upon a basis of knowledge of the past per-
formance of the bodies of water in question. There have also been individual studies
and summaries of statistics for special regions, notably the Great Lakes and Great
Slave Lake. '

Sport Fishing

It is impossible to colleet complete statistics of sport catches, and no
comprehensive sampling or "survey" estimates have been attempted in Canada, There
are two general approaches tp an estimate of yield. One is by reference to water
area and data on yield per unit area, The other is from local creel censuses show-
ing catch per angler, combined with information on number of anglers.

Half of the provineces of Canada do not require fishing licenses for residents,
but estimates of number of anglers over 18 years of age are shown in Table.A., In
most provinces the licences sold, or the estimate received, is not far from 10 per
cent of the population. [he principal exception is Quebec where resident licences
were so0ld to only 4.4 per cent of the population in 1954. TFor Alberta an estimate
.of 150,000 was received {apparently including anglers of all ages), or 17.2 per cent
of the 1949 census; we feel justified in reducing this to 80,000 anglers over age
18, for our purposes, by comparison with adjacent provinces,.



Table A, Estimates of number of freshwater anglers (only those over 18 years of
age, except for non-residents).

' Resident Egtimated Estimated
Province Population® licences resident Non-resident total anglers Year
(thousands) sold anglers licences sold (over 18 years)

British Columbia 1,114 91,155 oo . 28,495 119,650 1954
' Alberta 871 b 80,0004 b 95,000 1955‘
Saskatchewan 861 65,792 oo 69147 71,939 1954/5

Manitoba 778 54,000° ., 10,000° 64,000° 1955

Ontario 4,411 oo 450,000 366,100 816,120 L1954

Quebec 3,887 171,351 oo 44,170 215,521 1954

New Brunswick 516 .o 50,000 5,366, 55,366 1954

Nova Scotia 645 .o 60,000 1,653 61,653 1954

Prince Edward Island 94 oe 10,000 ? 10,000+ 19564

Newfoundland 348 e 25,000 268 25,268 1954

a1949 intercensus estimate (Canada Year Book).

Ppbout 30,000 licences were sold in 1955 to residents and non-residents; residents
require licences only when fishing for trout, etec.

CApproximate.

dEstimated by comparison with other provinces.
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BRITISH COLUMBIA

Present catch:

Subsistence 105,000 1b, (1954)
Sport 5,500,000 1b,
Catch. in. 1980;
Subsistence 100,000 1b.
Sport 11,000,000 1b,

The freshwater area of British Columbia given in the Ganada Year Book is
6,976 square miles, but this does not include smaller lakes, apparently. Another
estimate gives 2,576 square miles in lakes over 20 square miles in area and
6,250 square miles in smaller lakes, the latter estimate being from sample map
areas (1). We will use this total of 8,800 square miles for lakes. Adding
0.5 per cent of the land area (1,800 sq. mi.) for streams gives 10,600 square
miles of fresh water in all. ’

The eight largest lakes are Atlin (in B. C., 307 sq. mi.), Babine (194),
Kootenay (168), Stuart (139), Okenagan (136), Shuswap (120), Takla (102) and
Quesnel (100).

Subsistence Fishing

There is no regular commercial fishing in British Golumbia fresh waters,
Apart from the take of anadromous fish by the native population, subsistence
fishing consists of small-scale netting of some lakes and rivers by local
residents. In 1954/55 there were 12 lakes and 3 rivers for which licences were
issued and a catch reported. The total catch was estimated as 105,000 pounds
{(2). Largest poundages were for suckers, carp, kokanee and whitefish, in that
order.

British Columbia policy is not to actively promote netting of inland
waters, and where nets are used, to avold thelr taking trout or salmon as far
as possible. Thus no substantial increase in subsistence or commercial fishing
is likely in the foreseeable future.

Sport Fishing (see also under "Steelhead Trout®)

Present Status

In 1954 there were issued 91,155 resident and 28,495 non-resident sport
fishing licences, 119,650 in all. An additional 25,000 residents angled only
in tidal waters, where no licence is required (estimate based on a telephone
survey by the British Columbia Game Commission). These latter would take such
fish as sea-run cutthroat trout, as well as rock fish, sea perch and other
marine species.




Creel censuses have been conducted on a few waters: for example, the
trout teken annually from Paul Lake (1.5 sq. mi.) weighed 9,200-11,300 pounds
during 1933-36, and 11,100 pounds in 1949; the latter quantity is 1ll1.6 pounds
per acre (4)., A 6-year check of autumn anglers (Sept. 15-Dec. 15, 1949-54)
at Cache Creek, when returning south after a fishing or fishing-plus-hunting
excursion, showed catches per angler of 12 to 21 fish each, or 6,300 to 11,800
fish in all, almost wholly trout (6). At an average weight of 0.75 pound, this
is 9 to 16 pounds per angler. Preliminary records of catch per hour indicate
no significant difference in success between autumn and summer fishing, so
the very much larger number of anglers who fished during the summer were pre-
sumably rewarded equally in proportion to the (much longer) time they spent
fishing.

—An-unofficial estimate of total cateh, by the Game Commission, is 7.4
million fish or 5.5 million pounds, and an approximate breakdown is as
follows:

Number Pounds
Kamloops trout 6,000,000 4,500,000
Other trout 700,000 600,000
Kokanee 500,000 200,000
Others 200,000 200,000
Total 7,400,000 5,500,000

The "other trout™ are mainly cutthroat, rainbow and dolly varden; also a few
lake trout, eastern speckled trout and brown trout. ™Others™ include pike,
grayling and burbot in the north; the introduced perch, smallmouth bass,
largemouth bass, walleye, and & few crappies and sunfish in the south; and
rocky mountain whitefish everywhere. The predominance of kamloops trout
reflects the fact that it is the only important species, sometimes the only
species, inhabiting the productive interior lakes and rivers, where chemical
nutrients and fish populations are large (5).

Future Progpects

The present estimated sport catch is 46 pounds per licence. ZEven if
this were to prove somewhat too large an estimate, fishing success would
8till be very attractive for a predominantly trout fishery. A considerably
larger total yield can be taken from waters already accessible, as the
number of anglers increases, though catch per angler may decrease somewhat.
In addition, many more lakes and rivers will become accessible as time goes
on. The present estimated harvest is 0.8l pounds per acre of egtimated
water surface. This will probably at least double by 1980, and still leave
room for considerable increase.
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ALBERTA

Present catch:

Commercial 9,500,000 1b,

Sport 4,800,000 1b.
Cateh in 1980:

Commercial 15,000,000 1b,

Sport 10,000,000 1b,

The water area of Alberta is given as 6,485 square miles in the Canada
Year Book, and the estimated running water is 1,844 square miles; the total is
8,729 square miles. The largest lakes are Athabaska, Claire and Lesser Slave;
these plus 9 others larger than 50 square miles total 2,570 square miles (area
in Alberta only).

Commercial Figheries

History and Pregent Status

The recent catches are shown in Table A, Commercial fisghing was done on 65
~ lakes in the fiscal year 1954/55. The 1954/55 catches from three individual lakes
were as follows: '

Lake Ares Catch Catch

5Qq. mi. 1b, lb./acre

La Biche 94 238,680 3.97

Calling 55 172,476 4,90
Legser Slave 461 4,903,723 16.6

The Lesser Slave lake catch, which comprised more than half of the province's

total, included tullibee to the extent of two-thirds of its total, the remainder
mostly whitefish and pickerel. This high tullibee eatch is a result of unrestricted
fishing which was designed originally to reduce the abundance of tullibees and hence,
it was hoped, of the Triaenophorus parasite of tullibee and whitefish (1). However
the lake has been yielding 3 1/2 million pounds of tullibee yearly since 1946/47.,

Whitefish preoduction of Pigeon Lake has been discussed by Miller {2). This
lake, of 40 square miles, produced an average of 179,000 pounds or 7.0 pounds per
acre fairly steadily from 1918 to 1939. An attempt at more intensive utilization
subsequently produced an average of 251,000 pounds or 9.8 pounds per acre over 15
years, but with considerable fluctuations because of small year-classes, including
two years when fish were quite scarce and fishing was closed. ‘

Not all Alberta lakes are apt to prove as productive as the ones described
above, Some lie in the soft-water part of the country, others are so shallow
that they are regarded more as wild fowl areas than as fish producers. However the
general average for the province would be high,



Table A. Alberta commercial catches for the fiscal year ending March 31:
thousands of pounds.

the;’eafter° Unit:

averag

ss to 1950/51 by years

T

1936/37

1931/32 1941/42 '1946747
-1935/36 -1940/41 -1945/46 -1950/51 1951/52 1952/53 195%/54 1954/55
Whitefish 1,642 2,826 29499 2,033 2,745 3,113 3,161 3,471
Lake trout 146 51 35 32 8 11 6 35
Pickerel {yellow walleye) 711 486 641 354 224 142 408 719
Pike (Jmekfish) 674 754 534 514 513 475 503 395
Perch 60 116 128 113 59 193 151 217
Ciscoes (tullibee) 249 2,357 3,217 4,859 5,004 5,703 5,970 3,992
Suckers, ling, etc. 267 493 181 313 5567 298 661 393
Total 3,720 7,084 7,229 8,217 8,910 9,936 10,860 9,222




Future Prospects

Additional commercial production in Alberta will come from increased accessg-
ibility of northern and northeastern lakes, and from more intensive fishing of
accessible lakes. The latter will mean, principally, increased use of tullibees,
ling, suckers and other less-favoured species.

In the prairie provinces and much of northern Ontario ciscoes (tullibee) are
not utilized for human food to the extent they could be, because of the occurrence
of the tapeworm parasite Triaenophorus (3). Research currently in progress may.
eventually unearth a means of reducing or eliminating this nulsance, which affects
whitefish also; however there is no present indication of success. Meantime many
ciscoes are used for mink food,

Sport Fishing

Pregent Status

In 1955 about 30,000 sport fishing licences were ilssued to residents and
non-residents; however residents require a licence only to fish for trout, grayling
and rocky mountain whitefish. The total number of resident anglers is taken as
80,000, and of all anglers as 95,000,

The principal game fish taken are:

Pike or jackfish (Esox)

Pickerel (yellow walleye)

Trout {(rainbow, cutthroat, dolly varden, speckled brown)
Perch

Rocky mountain whitefish

Grayling (Thymallus)

Lake trout

Goldeye

No comprehensive cersel census information is available, but a catch of 50 pounds
per angler would yield 4,800,000 pounds. (N.B. The unofficial estimate received
from Alberta was 50,427,000 pounds, of which 40,000,000 pounds were pike; but
this seems much too high by comparizon with other provinces and by comparison
with the commercial yield.)

Futurs Prospects

“Increase in the sport fish yield can be expected, largely from increased
use of less-Tavoured species, and from opening up of unaccessible lakes. Trout
production may not increase: more fishing, improved management, and possible
incereasse of fish-culture may not do much more than offset losses from increased
use of mountain gtreams for power developments and for storing irrigation water,

The total yield, sport plus commercial, is probably about 14.5 million pounds
per year at present, or 2.6 pounds per acre of water estimated in the province,
An increase to 25,000,000 pounds by 1980 seems a conservative estimate, of which
about 15,000,000 pounds would be commercially caught.
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SASKATCHEWAN

Present catch:

Commercial and subsistence 12,800,000 1b,
Animal food ' 2,000,000 1b,
Sport fishery 3,600,000 lb,

Catch in 1980:
Commercial and subsistence 20,000,000 1lb,
Animal food up to 10,000,000 1b,
Sport fishery 7,000,000 1b,

Saskatchewan®s Canada Year Book water area is 13,725 square miles. Sixteen
large lakes, 90 square miles and up, account for 7,730 square miles of this, the
largest being Athabasgka (2,165 square mi. in Saskatchewan) and Reindeer (2,058 sq.
mi. in Saskatchewan)., We add only 1,200 square miles of running water, for a total
of 15,000, approximately.

While many lakes lie in the Precambrian Shield and so presumably are rather
low in productivity, much of Saskatchewan overlies sedimentary rocks and has waters
riech in dissolved substances (3).

Sagkatchewan's fisheries were recently the subject of a survey by a Royal
Commission (4),

Commercial, Subgistence and Fur Farm Fisheries

History and Present Status
Production in recent fiscal years (ending March 31) has been as follows,

" in thousands of pounds:

Animal
Commercial  Subsistence -~ food Total

1939/40-40/41 7,695 2,992 173 10,860
1941/42-45/46 10,101 2,44, 271 12,8153
1946/47-50/51 8,020 2,361 1,330 11,711
1951/528 11,513 2,525 1,548 15,586
1952/53 10,612 2,650 1,593 14,855
1953/54 8,481 2,426 25199 13,106
1954/55 10,500 oo oo oo

The principal species taken for human use are whitefish, trout, pickerel,
pike, ciscoes and suckers. Sturgeon are low in volume but high in value per pound.
Species composition of the 1953/54 catch was as follows:



Poundage

Species taken Lake value Market value
Whitefish 3,888,802 $303,857 .47 $ 689,445,.28
Trout 1,207,690 88,528,.95 245,035 .37
Pickerel 979,601 76,294 .28 178,356,19
Pike 869,504 31,064.29 64,371,95
Ciscoes 888,819 26,401 ,17 53,217 ,95
Suckers 179,839 1,942 .66 5,340,72
Sturgeon. 12,269 12,269.00 14,722 .80
Others 454 487 13,153,.61 30,5381 .64
Total 8,481,011 $553 ,511 .43 $1,281,021,90

The above catch is taken mainly from lakes, including 16 large lakes (90 sqg., mi,
and up) and 104 lakes of medium size. Small lakes are not fished commercially,
Sturgeon are taken partly in rivers.

The 1954/55 commercial catches per acre have been computed for a number of
lakes, "Normal" yield ranges from about 0.6 to 5.5 lb./mcre, with an average of
about 1.5. The largest is 13.2 lb./acre from Last Mountain lake, which represents
intensive fishing for the purpose of removal of "rough" fish (ciscoes, suckers,
redhorses ).

Most lakes at present have quotas on commercial production of whitefisgh,
trout and pickerel. Increased utilization in future will consist mainly of
(L) production from lakes now too remote from markets; (2) increased use of
ciscoes and coarse fish both for mink and for human food., As an example of the
potentialities, Churchill Lake (213 sq. mi.) already produces (1954/55) L.1l2 lb.facre
of fish commercially for human use and 9.2 lb./acre of mink food, plus some sport
catch. Nevertheless, it has "a very large resource of ciscoes which is not being
used”, and "only one-eighth of the shore line is at present being fished for pike"
(1), This is probably a richer lake than average. Sustained yield potential at
Lac la Ronge (450 sq. mi.) is tentatively estimated as 2 lb./acre, or 600,000 pounds
in all (2). Possible production of lake Athabaska has been estimated as at least
1.5 1b./acre or 3,000,000 1b, in all, most of it whitefish (4).

Though some trout, pickerel and pike stocks may be increasingly reserved
for anglers, we estimate that improved transportation and more use of less favoured
species will increase the commercial plus subsistence yield by 1980 to at least
20,000,000 pounds of human food, The mink-food fishery might take up to 10,000,000
pounds, if mink continue in demand.

Sport Fishing

Present Status
In 1954/55 there were 65,792 resident angling licences and 6,147 non-resident
licences issued. Favoured species are pike (jackfish), pickerel (walleye), lake
trout and grayling. No province-=wide estimates of take have been made, but there
have been local creel censuses. Number of anglers and fishing success at Lac la
Ronge in 1950-52 was as follows, from (2):
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——— Future—Prospects

Catch per

Anglers Catch angler
ib, ibs
1950 3,500 204,000 54 .4
1951 5,700 280,000 B2.D
1952 6,250 251,000 40,1

Though it is now accessible by road, lac la Ronge is somewhat remote and presumably
provides better than average fishing; on the other hand, some of the anglers above
stayed on the lake only a short time. If the province-wide average for a whole
year were 50 pounds per angler, the 1954/55 take becomes 3,600,000 pounds.

Number of licenced anglers is expected to increase steadily, and by 1980 it
may be up to 150,000, Fishing success may decline somewhat on individual lakes,
but is expected not to fall seriously for the province as a whole. This is because
additional lakes and streams will be fished, and because competing commercial
fisheries may be curtailed in places. The sport catch in 1980 1s estimated %o
become 7,000,000 pounds, and could go much higher.

The combined sport plus commercial yield predicted for 1980 is 37,000,000
pounds, or about 3.8 pounds per acre.
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MANTITOBA

Present catchs

Commercial 30,400,000 1b,

Sport 3,200,000 lb,
Catch in. 1980:

Commercial : 45,000,000 1b.

Sport 7,000,000 lb,

Manitoba's freshwater area in the Canada Year Book is 26,789 square miles,
but 20,492 s8q. miles are included in lakes 50 square miles or greater, 5incé most
of the province lies in the Canadian shield, where small lakes are abundant, we
estimate these to be about 10,000 square miles, and add another 1,100 sq. mi. for
running water, making nearly 31,000 sq. miles in all,

The three largest lakes--Winnipeg, Winnipegosis and Manitoba, comprising
13,403 square miles, all are fed mainly by rivers high in dissolved solids, which
come from agricultural regions characterized by drift overlying sedimentary rocks
(2). Hence they are rather fertile and, being shallow also, have supported good
fisheries. In the Precambrian area the largest lake is Southern Indian (1,200 sq.
mi.):; there are four which range between 375 and 560 square miles, about 200 that
average 50 gquare miles, and a multitude of smaller ones. Most of these must tend
tg be low in nutrients, and hence lower inh potential productivity than the big
three.

Commercial and Subsistence Fisheries

History and Present Status

About 200 Manitoba lakes are or have been of importance in commercial and
subgistence fishing, though less than half of them are fished in any given year.
Recent commercial production is shown in Tables A and B, The take has averaged
29 million pounds over the past 25 years, varying from 17 million (1931/32) to 39
million (1940/41). Earlier yields of whitefish are discussed by Bajkov (3). Yield
from the big three averaged 2.8 pounds per acre over 4 years, whereas for Southern
Indian Lake in northern Manitoba it was 0.8 pounds per acre in 1953/54 (the only
year available).

Future Prospects

{a) Big three. The yields of the three largest lakes over 25 years were

summarized by Rewson (5), as follows: Lake Winnipeg, 2.66 lb./acre; Lake Winnipegoesis,

3.88 1b./acre, and Lake Manitoba, 4.75 lb./acre. These are large yields, but not
exceptionally large for fertile shallow lakes., All seem agreed the utilization of "coarse
fish from these and similar (smaller) lakes could be Gonsiderably increased, especially
of suckers, ciscoes, burbot (maria) and carp. Utilization of burbot for humen food
requires “onliy" the overcoming of public prejudice against its appearance., Ciscoes
would automatically become more acceptable if their Triaenophorus infestation could

be reduced, but that is not yet in sight. Possibly 6 million additional pounds of
coarse species will be harvested in 1980,




Table.A., Manitoba fish production in thousands of pounds. Data from (1),
Year Lake Lake L, Winni= Southern Northern® Total
Winnipeg Manitoba pegosis ~ Indisn L, lakes
1950/51 18,329 3,209 4,361 oo 4,529 31,468
1951/52 18,770 5,080 4,477 oo 5,926 35,458
1952/53 16,625 4,448 4,029 oo 5,382 31,338
1953/54 11,829 2,769 3,740 604 4,195 23,360
4-yT. AV 16,388 5,876 4,152 5,008 30,406
Area in square miles 2,500 lJBliﬁ; ,,,,,,,,,,, 2,086 1,200 oo oo
Ib./mi% {1953/54 ) 1,240 1,530 1,790 503 .o .o
Lb./acre ® W 1.94 2.39 2,80 0,83 oo oo
2
Ib./mi s (4-yr. av.) 1,730 2,130 1,990 oo oa oo
Lb./acre v " 2,70 3 .33 3.11 oo oo oo

81ncludes Southern Indian Lake

Table B, RQuantity and value of the Manitoba commercial fishery for 1953/54, by

gspecies. From (1).

Poundage taken

Species (dressed wt, ) Landed value Market value
Pickerel (walleye) 9,585,400 $1,444 063 $2,405, 751
Whitefish 4,538,900 690,094 1,271,146
Pike 2,813,800 157,173 297,601
Sauger 2,412,800 244,146 414,377
Suckers 1,440,300 18,136 51,681
Tullibee (ciscoes) 867,600 29,565 53,269
Perch 610,200 50,628 93,864
Sheepshead ("bass") 414,000 11,888 32,862
Bullheads 318,900 16,630 62,302
Lake trout 150,600 19,992 43,335
Goldeyes 83,400 15,400 25,318
Sturgeon 45,700 36,560 61,695
Carp 50,100 1,198 2,834
Burbot (maria) 18,200 187 349
Channel catfish 9,300 1,116 1,860




The gituation in respect to the favoured species is less clear. In this
category we have included goldeye, whitefish, pickerel and sauger. 1. Goldeye,
once moderately numerous in the Red River delta area of Lake Winnipeg, are no
longer important commercially. 2. Kennedy's (4) review of the Lake Winnipeg
whitefish situation suggested that some degree of under-utilization may exist
at present, and hence that greater yields would be possgible in future. On the
other hand, whitefish have almost disappeared from the shallow southern part of
Lake Winnipeg, and from lLakes Manitoba and Winnipegosis, where they were formerly
abundant--perhaps because they could not stand up to fishing in what seems to be
a marginal habitat. 3. The well-adapted yellow pickerel (walleye) and sauger are
to-day the major commercial speecles in all three lakes. On ILake Erie, more inten-
give fishing harvests a considerably larger poundage per acre of fish of these types.
On the other hand, longer winters and cooler summers in Manitoba suggests a smaller

e -rate—of basie produetion-than—inlLake HErie.  For the 1980 -prediction, the moderate —

increase of 2,700,000 pounds of the "favoured™ species 1s postulated.

(b) Smaller lakes., Most of the remaining lakes are in the northern part of
the province. The area of those likely to be commercially fished is about 7000
square miles, so the potential commercial and subsistence catch, of all species,
would be about 21,000,000 pounds at the rather conservative rate of 3 pounds per
acre--ag compared with 6,000,000 pounds at present., Better transportation by 1980
will open many of these lakes to fishing, or to more consistent fishing, but their
full utilization is unlikely to come within that period. An actual harvest of
12,000,000 pounds may be a good guess for 25 years hence. About two-thirds of it
would comsist of the currently favoured species mainly lake trout, whitefish and
yellow pickerel,

Sport Fishing

Present Status

‘ Angling licences for regidents were introduced in Manitoba in 1955, when
about 54,000 resident and 10,000 non-resident licences were sold. Species taken
include pike, pickerel (walleye), perch, sauger, lake trout, speckled trout,
rainbow trout, grayling, goldeye, mooneye, bass, sheepshead, charnel catfish and
bullhead; rarely whitefish and arctic char. No creel census data are available,
Using the 50 pounds per angler basis (see under Saskatchewan) gives a figure of
3,800,000 pounds for the sport catch,

Future Prospects

‘ Number of licenced anglers is expected to at least be doubled by 1980,
Their individual fishing success will probably be no less than at present, because
of greater accessibility of fishing waters, and greater utilization of species like
‘pike which are not in high favour to-day. The 1980 sport catch is tentatively
estimated as 7,000,000 pounds. Sport fishing competes very little with commercial
operatlons, since a great part of it is done on small lakes and rivers whers
commercial fishermen do not operate.

A summary of the present situation and future expectations 1s as follows:
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Catch in thousands of 1lb,

Present 1980
r—qnmrc::ﬂm
Commercial (3 large lakes)
Favoured species 15,340 18,000
"Coarse" species 9,076 15,000
Commercial (other lakes)
. Favoured species 4,740 8,000
"Coarse™ species : 1,250 4,000
Bport fishery
All species 3,200 7,000
Total 33,606 52,000

The total catch predicted for 1980==52 million pounds-=is 2.5 pounds per acre of
total water surface estimated for the province.

Menitoba's Hudson Bay fisheries and beluga industry are discussed in the

"Aretic™ section.
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ONTARIO

Present catch:

Commercial 40,000,000 1b,

Sport 10,000,000 1b.
Catch in 1980:

Commercial 50,000,000 lb,.

Sport 15,000,000 1b.

Ontario's water area as shown in the Canada Year Book is 49,300 square
miles, but this is almost certainly too small a figure for our purposes. The
Canadian portions of the Great Lakes (including St. Clair) comprise 33,966 square
miles, and there are 25 fairly large lakes, from about 50 to 1,870 square miles,
whose combined extent is 6,377 square miles. Lakes between 100 acres and 50 square
miles must number at least 50,000, and at an average area of half a square mile
would comprise 25,000 square miles. Smaller lskes must comprise at least 5,000
square miles, and if the stream total is estimated as 0.5 per cent of the land area,
that adds 2,000 square miles. The total on this basis is about 72,000 square miles,
or 17 per cent of the total area of the province. Though this may seem high, there
are extengive parts of the province where aserial inspection shows small lakes to be
o numerous that there is more water than land on the terrain below.

Commercial Fishing

Total landings for recent years are as follows:

Av. landings

(thousands of Value in thousands of dollars

pounds ) Landed Marketed
1936-40 33,413 2,756 3,245
1941-45 29,846 4,436 5,029
1946-50 30,767 5,565 6,263
1951 30,969 7,035 7,925
1952 38,044 7,417 8,344
1953 44,836 7,027 7,916
1954 : 47,679 7,013 oo

Present landings are apparently about as high as at any earlier time in the history
of the province. However there have been considerable variations in the kinds of
fish taken, and in the amounts taken from different waters. The 1954 breakdown by
species is shown in Table A,

(a) Great lakes {(including St. Clair). Great Lakes fishing has a long
history, whose statistics were summarized up to 1940 by an International Board of
Enquiry (5). Canadian landings have been summarized to 1953 (6):; the 1954 landings
are shown in Table A, While the total take from the various lakes has been reason-
ably stable, the catch of individusl species has fluctuated. Catch and catch per



Table A. Statistics of the fishing industry in the public waters of Ontarioc, for the year ending December 31, 1904,
Qﬁantities of fish taken, in pounds; values in thousands of dollars. .

‘ ~Landed
Northern in- Lake Lake Iake Lake Iake =~ Southern in- value({tho
land waters Superior Huron St., Clair 1IBrie Ontario land weaters Total sands of
dollars
Sturgeon 79,790 4,643 39,707 10,551 6,856 9,925 20,371 171,843 114
Caviar 816 681 294 87 266 2,144 8
Lake trout 120,093 1,266,237 168,360 13 7,219 1,561,922 515
Whitefish 1,673,795 328,254 4,057,711 556,281 227,599 6,843,640 2,290
Ciscoes 287,492 1,010,939 635,717 280,845 79,966 2,294,959 253
Menominee 5,643 6,655 405 12,703 1
{round whitefish)
Gold syes 87,076 87,076 17
Smelt 5,000 100 7,638 1,265,584 264,601 7,000 1,549,923 93
Perch 8,950 3,455 334,038 23,458 7,748,641 80,425 3,620 8,202,567 653
Yellow pickerel 1,567,580 134,905 383,905 70,935 2,925,004 113,604 5,195,933 1,003
Blue pickerel 8,150,937 58,893 8,209,830 1,231
Saugers 36,631 72,397 2,164 14,203 87,004 212,399 27
White bass 3,628 10,508 24,665 6,152,850 8,085 2,499 6,202,235 373
Sunfish . 3,337 35,374 29,743 172,533 135,439 376,426 3L
Northern pike 1,008 450 5,023 87,626 18,599 2,736 23,119 2,563 1,148,116 9L
Rock bass & crappies 8,583 164 16,580 15,708 18,337 6,499 65,871 7
Sheepshead 37,030 5,407 35,306 773,245 710 1,796 853 ;494 17
Suckers 679,233 48,645 287,743 137,487 219,911 68,744 102,931 1,484,694 3%
Carp 3258 120,158 522,788 263,592 308,989 211,941 1,427,787 78
Catfish 6 296 40,769 74,085 172,175 31,940 12,516 331,787 53
Bullheads 87,408 3,031 15,498 194,812 344 132 191,762 836,643 110
Ling 386,452 9,667 14,168 345 13,625 1,981 426,228 3
Eels 4 36 77,676 2,399 80,115 8
Dogfish, gar & 1,851 420 20,442 52,371 17,251 8,233 100,568 3
alewlves
Tatal" 6,080,193 2,890,194 6,149,901 1,020,590 28,912,056 1,914,153 711,816 47,678,903
Landed value (thou- : ‘ :
. sands of dollars) 789 565 1,822 88 3,407 268 74




unit of fishing effort show that there has been a tendency for many of the more
valuable species to decrease in abundance. For example, the Atlantic salmon of
Lake'Ontario was exterminated by about 1870. In Lake Erie, sturgeon and muskellunge
practically disappeared from the catches early in the present century, the northern
pike and the never-abundant lake trout followed them during the 1920's, and to-day
ciscoes have reached a very low ebb. The catch has been maintained mostly by spiny
rayed species like perch, yellow pickerel, blue pickerel and white bass.

Has the abundance of these latter species actually increased, or are they
merely better utilized since the formerly abundant species declined? What share
of responsibility for the shift in species caught should be asgsigned to selective
fishing, what share to climatic change, and what share to increaged sediment and
nutrients from intensified agriculture and from urban sewage? These are questions
on which varying opinions exist. 4

Two newcomers have profoundly affected some Great Lakes figheries. The smelt
has recently become a fairly important commercial species, especlally in Lakes Erie
and Huron., The "sea®™ lamprey, which ascended above Nlagara in the 1920%s, became
abundant in lLake Huron during the late 1930°s and early 1940's, and is now invading
Lake Superior. Its arrival hag been followed by collapse of lake trout fisheries
everywhere, and in some cases by increases in deepwater "chubs®™ on which the trout
feed., The lamprey attacks other fish besides trout, but its effects on them are
less easy to assess. A decrease in Lake Huron whitefish production during the
1940's might possible be connected with lampreys, but it was followed by an in-
crease: the Georgian Bay whitefish catch rose from a few hundred thousand pounds per
year up to 7 million pounds in 1953 and 4 million im. 1954,

Fish productions of large lakes have been considered in relation to their
area and depth, by Rawson (7). Gross production of the Canadian portions of the
Great Lakes is related to their area as follows:

Area Canadian catch in 1954 &B-year average
square Thousands ILb. per Lb, per {whole lake, from (7))
Lake miles of pounds 8q. mi, acre 1b./acre
Superior 11,200 2,890 258 0,40 0.83
Huron 13,675 6,150 450 0,70 1.38
St. Clair 270 1,021 3,780 5,92 5.72
Erie 5,094 28,912 5,670 8,86 7030
Ontario 3,727 1,914 513 0.80 0.99

The superior productions of Erie and St. Clair are presumably meinly a result of
thelr shallowness or high temperature, or both: since lake Ontario, with water of
much the same mineral content, produces far less. lake Superior water has a
lower mineral content than the lower lakes, is deeper, and is more difficult to
fish,

(b) Other lakes., Other lakes commercially fished are divided in Table A
into a northern and a southern group, the latter having much less area and pro-
duction, though probably a greater yield per sqguare mile. However commerecial
fishing in the north is often restricted by inaccessibility of the lakes, and in
both regions by a deglre to minimize competition with sport fishermen.
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Separate 1954 productions for a few of the larger "inland™ lakes are as
follows:

Area (in Catch in 1954
Ontario only) Thousands Lb., per Lb, per
Take gquare miles of pounds 8q. mi, acre
Nipissing 330 110 332 0,52
Nipigon 1,870 715 383 0.60
Seul 416 467 1,123 1.76
Rainy 292 889 3,050 4,76
Miille Lacs 102 76 743 l.1é
Lake of the Woods 1,127 1,632 1,458 2036
Sand and Finger 270 76 282 0odd

Future Prosgpects

A rather conservative prediction for overall landings in 1980 is perhaps 50
million pounds--a quarter larger than the 1951=54 average of 40 ™million pounds.
The increase might stem partly from increased fishing in the less accessible north-
ern lakes (perhaps 2,000,000 1b.), partly from international cooperation in manage-
ment of the Great lakes (3,000,000 1lb.), and partly from increased utilization
of less desirable or unused species (e.g., gizzard shad), especially on lake Erie
(5,000,000 1b. ).

The influence of possible international regulation upon the Great lakes
fisheries may prove to be not so much an increase in total yield, as a shift
back to greater landings of the more favoured species., 3Success in lamprey control
should permit trout production in the upper lakes to return to the level of (say)
the 1930's, while selective management may permit greater yields of whitefish in
all lakes,

Sport Fishing

Pregent Status

Ontario non-resident angling licences numbered 366,150 in 1954, and an
estimate of the number of resident anglers over 18 years of age is 400,000-500,000
total anglers, about 800,000,

Only a few local creel censuses have been published for Ontario. Yearly
take of speckled trout in a series of 4 hard-water ponds (8.l acres in all) in
1922=31 averaged 1,112 fish, or possibly 370 pounds, which comes to 4.6 pounds per
acre (8), TFry (2) gives statistics of the lake trout catch in Lake Opeonge (20,1
gquare miles) for the years 19%36-47, showing an average catch of 1,425 fish or
4,170 pounds, which is 0.3 pound per acre. For smaller Algonquin Park lakes,
trout yields of 1.3-2.8 pounds pe. acre are given (4). Another lake trout harvest,
for South Bay, Manitoulin Island, gave an average catch of 1,350 trout for 1948-49
(3)s At an estimated 3 pounds average weight, this is 4,050 pounds or 0.21 pound
per acre. However this census occurred after the smea lamprey had damaged the lLaks
Huron trout fishery; lamprey activities were evident in South Bay during the above
jearsg and subgequently its trout fishery collapsed. The smallmouth bass taken
in. the same bay averaged 1,680 pounds per year during 1947-52, or 0.09 pound per
acre (1). '
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Though the censuses above usually suggest rather small harvest per unit area,
most of them include only the larger and more prized fishes in the waters concerned.
None of the good pickerel or pike fishing waters of the province have been censused.

The estimated yields given below are based on unofficisl estimates from
Ontario, but are considerably increased in categories other than trout and various
‘rare species., (The figures as submitted come to 3.8 million pounds for major game
gpecies, say 5 million in all, or only 6 pounds per angler: this seems too low
for catches consisting predominantly of warm-water species. In fact, our augmented
estimates may still be too low,)

Estimated - Gatch
numbers pdunds
Bpeckled trout 200,000 200,000
Rainbow and kamloops trout 15,000 8,000
Brown trout 5,000 3,000
Lake trout 25,000 100,000
Smallmouth bass 500,000 1,000,000
Largemouth bass 10,000 25,000
Yellow pickerel 3,000,000 6,000,000
Blue pickerel 30,000 25,000
Maskinonge 5,000 75,000
Pike (northern pike) 500,000 1,500,000
Whitefish 20,000 40,000
Ciscoes 100,000 40,000
Smelt 2,000,000 400,000 .
Perch 1,000,000 250,000
Others® 1,000,000 500,000
Total BQVlOﬂOQO 10,166,000

®Tncludes rock bass, pumpkinseed sunfish, bullheads, channel catfish,
.sheepshead, white bass, carp, suckers, etc. '

The total poundage above comes to about 13 pounds for each of the estimated 800,000
anglers. This i1s a much lower figure than the 50 pounds per licenced angler used
for the prairie provinces. Western fishing is probably better because of the
sparser population, and non-residents who travel long distances from United States
centers of population to fish in northern Saskatchewan or Manitoba probably angle
more agsiduously than the wery much larger number who are gussts of nearby Ontario.
Nevertheless, we would be prepared to find that better methods of estimation would
show a smallér difference in individual return.

Future Prospects _

There is little question that the number of anglers in Ontario will increase,
possibly to 1,200,000 by 1980, The catch per angler may fall scmewhat, but not
seriously, with the increased fishing pressure., Estimating the 1980 teke as 12.5
pounds per angler gives a total sport catch of 15,000,000 pounds.

The combined estimate of 65 million pounds of fish taken by all methods in
1980 is 1.4 1b. per acre of estimated water surface.
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QUEBEC

Present Eatch:

Commercial 3,000,000 lb.

Sport 4,300,000 1b,
Catch in 1980:

Commercisal 2,000,000 1lb.

Sport A 12,000,000 1b,

The Canada Year Book's freshwater area of Quebec is 71,000 square miles,
out of a total of 594,860 square miles, Thirty-seven large lakes (50 sq. mi.
and up) account for 5,900 square miles of water. The largest is Mistassini,
with 840 square miles. Most of the water area consists of medium and small
lakes, which are very numerous becatse most of Qusbec lies on the Laurentian
shield. Adding 2,600 square miles of running water brings the total close to
74,000 square miles, Even though nearly all lakes are in the Precambrian area
and hence poor in nutrients, much greater utilization would be possible if
better transportation were available. Lakes and rivers out of reach of road
or railway can support fisheries only for high-priced species, especially
sturgson,

The St. Lawrence River and associated lakes (St. Francis, St. Louis,
St . Peter) are exceptions to the above; they have a high mineral- content and,
being shallow, have a potential productivity somewhat similar to Lake Erie.
There is however a region of pollution below the city of Montreal.,

Commercial Fishing

Commercial fishing is carried on in most counties, in the larger lakes and
in the St. Lawrence River. Recent total landings and values are given as
follows:

Landings in Landed

poundsg value
1936=40 7,640,000 $513,000
1941-45 5,426,000 403%,000
1946-50 3,146,000 401,000
1951 2,911,000 505,000
1952 3,043,000 449,000
1953 3,324,000 534,000

The above figures are from the 1955 Canadian Fisheries Annual. A break—
down by species for "interlor waters", supplied by the Quebec Department of
Fish and Geme, includes some anadromous species, but shows a smaller total
than those just quoted:



English name

French name

Landings in thous-
ands of pounds
1952 1953 1954

Shad, alewives Alose 24 19 25
Eel Anguille 54 91 24
White bass Bar 5 4 2
Pike Brochet 131 155 107
Carp, buffalo, redhorses, suckers Carpse 295 345 319
Pickerel or walleye Dord 197 220 171
{including sauger)
Smelt Bperlan 2 9 coe
Sturgeon BEsturgeon 97 194 157
Whitefish, ciscoes Poisson blane 40 30 14
Bullheads, catfish Barbotte 403 351 322
Sunfishes, rock bass, crappies Crapet 70 114 58
Perch Perchaude 161 170 130
2 Vairons 189 245 213
Others Divers 23 59 20
Total Total 1699 2008 1628

In the future, freshwater commercial fishing in Quebec will probably not
change greatly in total poundage taken. New fisheries may be established, or
0ld ones intensified, as interior lakes become more accessible. However thers
will probably also be some tendency to restrict netting in favour of sport fish=
ing. For the 1980 yield we estimate 2,000,000 pounds (Department of Fisheries
basis) or 3,300,000 pounds (Fisheries Annual basis),

Sport Fishing (other than for Sea-Run Salmon)

Quebec issued 171,351 resident fishing licences in 1954, also 44,170 for
non-residents, 215,521 in all. As no creel-censuses are available, we have
estimated the catch as 20 pounds per angler, or about 4,300,000 pounds in all.

The more favored kinds of fish taken, more or less in order of importance,
are:

Speckled trout
Smallmouth bass
Yellow walleye
Pike

Lake trout
Rainbow trout
Maskinonge
Landlocked salmen
Brown trout
Quebec red trout
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Sea-run Atlantic salmon taken by sportsmen are treated elsewhere. Other species
taken on a sporting or semi-subsistence basis include suckers, carp, sunfish,
crappies.

Future prospects are that sport fishing will increase, pogsibly to 3 times
the present number of fishermen by 1980. Catch per fisherman should not change
significantly, as many new waters will become accessible and more attention will
be given to the less valued species. A sport catch of 12 million pounds in
1980 is predicted.

Even by 1980, many or even most Quebec waters are likely to be fished
lightly or not at all. The total estimated yield--commercial plus sport—=-in
1980 is about 15 million pounds, as compared with a water area of 74,000
square miles: this is an overall yield of only 0.3 pound per acre, and
indicates the possibilities of further expansion,



NEW BRUNSWICK, NOVA SCOTIA and PRINCE EDWARD ISLAND

Present catch {snadromous salmon excluded):
Sport fishing 427,000 1b,
Catch in 1980:
Sport fishing 770,000 1lb.
A summary of freshwater areas in the three provinces is as follows, in
square miles:

N.B, N.S. P.E.I,

"Year-book" water area 512 325 0
Estimated lake and pond area 512 500 2
Estimated stream area 140 106 11
Total estimated water area 652 606 35

New Brunswick's largest lakes are Grand (65 sq. mi.), Northwest Oromocto

(16 sq. mi.) and Magaguadavie (1l sq. mi.). It has an additional 332 lakes
larger than about 100 acres, and possibly 1,000 smaller. Nova Scotia’s Bras
d'0r Lakes (360 sg. mi.) are tidal and fairly salt, so are not included in the
fresh waters. It has about 3,000 smaller lakes. There are few or no natural
lakes or ponds on Frince Edward Island, but a number of mill ponds and fishing
ponds have been constructed,

The waters of the three provinces divide rather sharply into two types.
Soft waters draining from poor soils over hard rock formation cccupy south-
western and central New Brunswick, and the western part of Nova Scotia. These
are the principal lake districts. ZHXlsewhere there are hard waters from sedi-
mentary rocks and usually richer soils, sspecially along the Gulf of St.
Lawrence coast and in Prince Edward Island. In these areas stream productivity
is much greater, as is that of lakes insofar as they occur.

Commercial Fishing

Nova Scotia and Prince Edward Island apparently have no commercial fresh-
water fisheries. New Brunswick has a catch listed in the Canadian Fisheries
Annual; as follows:

.Catch in pounds Landed value

1936-40 603,000 $ 25,000
194145 652,000 29,000
1946~50 649,000 36,000
1951 1,629,000 62,000
1952 5,193,000 93,000

1953 8,655,000 146,000



No information on the species involved is at hand; possibly they are anadromous
forms that have been considered elsewhere.

Freshwater Sport Fishing (other than for Sea-Run Salmon)

Present Status

In 1954 New Brunswick had 5,366 non-resident licenced anglers and an estim-
ated 50,000 resident anglers over 18 years old. 1In Nova Scotia the figures are
1,653 non-resident and an estimate of 60,000 resident. In Prince Edward Island
10,000 resident anglers are estimated. The estimated catch of various fish in
1954 is shown in Table A, ‘

Table A, Estimated catches of Maritime Provinces freshwater sport fishing, other
than for anadromous salmon (from Department of Fisheries, Halifax Office).

Prince Edward

New Brunswick Nova Scotia Island
No, Pounds No. Pounds No. Pounds
Speckled trout 455,000 175,000 250,000 135,000 65,000 21,720
{Salvelinus fontinalis)
Rainbow trout 1,600 610 1,390 2,140 600 200
{Salmo gairdneri)
Brown trout 2,100 970 1,740 3,560 0 0
{Salmo trutta)
Laks trout {togue) 45 102 790 1,840 0 0
(Salvelinus namaycush)
Landlocked salmon 1,000 2,000 1,000 2,000 0 0
(Salmon salar)
Smallmouth bass 10,050 22,200 330 640 0 0
(Migropterus salmoides)
Total 201,000 165,000 22,000

Another estimator puts the Prince Edward Island trout catech much higher: 300,000
trout weighing 60,000 pounds. We have used the latter figure, sinece it amounts
to only 3.3 pounds per acre if our water area estimate 1s at all reasonable,

and Prince Edward Island trout waters are among the most productive anywhere.

In Nova Scotia there are also some striped bass caught in fresh water, espec=
ially in the Shubenacadie River system (2},

Other species taken in one or both of the mainland provinces include white
perch {(Morone americana), vellow perch {Perca flavescens), arctic char (Salve-
linus alpinus), chain pickerel {(Esox niger)9 pumpkinseed sunfish (Lepomis gibbosus).
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Some of these species are abundant and could support large fisheries, espéc=
ially white and yellow parch. The yellow walleye, sauger and northern piks
are also known from New Brunswick (1),

The present estimated cateh is 3.4 pounds per estimated angler, but of
course salmon add considerably to the total sport-fish take. BEven so, the
yvield is low; it reflects mainly the scarcity of warm-water fishes and the pre-
ocecupation with trout.

Future Prospects

l. In the soft-water region, the yield of trout from lakes under natural
conditions is usually low==1 or 2 pounds per acre--though considerable increases
are possible using a combination of artificial stocking, fertilization and
predator control (3). Poisoning of the shallows has also been used experiment -
ally to increase trout production (4).

Another development which may increase trout stocks and catches consider-~
ably, especially on large rivers like the Miramichi, is the increased use of
merganser control as a means of improving salmon production., This has been
shown to increase stocks of trout and other fish, as well as the output of
salmon smolts.

Over the next 25 years, increase in game fish utilization will come from
some extension of methods such as are outlined above, also from introduction
of smallmouth bass to waters marginal for trout, from greater utilization of
less favored specles like perch, and from greater accessibility of some lakes.
Little increase is expected in the catch of lake trout, landlocked salmon, or
arctic char.

2. In hard-water areas, characterized by few lakes and mostly stream fish-
ing, considerable increase in the speckled trout harvest is possible. This is
especially true of Prince Edward Island, where not only are stream-raised fish
available, but there are large sea-run specimens which spend the summer in
creeks while ocean temperatures are high (5), Small fishing ponds are increas-
ingly being built on Prince Edward Island streams, and are very productive of
trout: 22-44 pounds per acre per year were taken over 8 years from a representa-
tive 23-acre pond (6).

The rainbow trout, which is inereasing in Prince Bdward Island, may

partially or wholly replace speckled trout in some streams,

A summary of possible 1980 catches of the more important species in the
three provinces is as follows:



Soft-water Hard-water

areas areas Total
ib, ib. - 1b,

Speckled trout 156,000 500,000 700,000
Rainbow trout 0 5,000 5,000
Other trout and lavdlocked salmon 12,000 1,000 13,000
Smallmouth bass : 35,000 0 35,000
Others 50,000 20,000 70,000
Total 2477 ,000 526,000 773,000

This total is 1.6 pounds per acre, as compared with the estimated 0.5 pound per
acre at preseni.
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NEWFOUNDLAND

Present yield (excluding sea-run salmon and arctic char):

Island 250,000 1b,

Labrador 1,000 1b.
Yield in 1980:

Island 1,000,000 1b,

Labrador 100,000 1b.

The Canada Year Book gives 5,721 square miles as the water area of the
Island of Newfoundland; to which we add 185 square miles (0.5% of the land
area) for streams, or 5,906 square miles in all. No estimate is given of the
water included in the (much larger) expanse of the Newfoundland Labrador:
10,000 square miles does not seem extravagant (about 1/11 of its total area).

There are no freshwater commercial fisheries in Newfoundland, though

small subsistence fisheries exist along the Labrador coast and in remote areas
generally.

Sport Fishing (other than for Anadromous Salmon)

Pregsent Status

The sport fishing most in the public eye--for sea-run salmon--is treated
separately. A few landlocked salmon are taken, but the great bulk of the
remaining sport fishing is for trout (Salvelinus fontinalis). No resident
licence is required for trout. About 25,000 anglers older than 18 years is
estimated, and there were 268 non-resident licenced trout anglers in 1954,

The trout catch is estimated as about 250,000 pounds,; or 10 pounds per
adult angler. A few streams on the Avalon Peninsula have brown trout, which
are at least partly anadromous. However the brown trout catch is inconseguen=
tial. Rainbow trout occur rarely. lake salmon are much less common than
trout.

Future Prospects

Restricted communications are the principal limiting factor in holding
catches to present levels. Improvements over 25 years will probably raise the
cateh to 1,000,000 pounds on the island, which is 0.25 pounds per acre of
water--still a very low figure. Ilabrador development will presumably come more
slowly, and emphasis will for long be on salmon fishing. Up to 100,000 pounds
of trout per year is predicted for the Labrador in 1980,




YUKON, MACKENZIE, KEEWATIN and FRANKLIN

Pregsent catches:

Subsistence 11,000,000 1b,

Commercial 9,000,000 1b.

Sport 20,000 1b,
Catch in 1980:

Subsistence 13,000,000 1b.

Commercial 12,000,000 1b.

Sport 500,000 1b.

The Canada Year-Book's freshwater area for the above is 53,195 square
miles, most of it in Mackenzie. The largest lakes are Great Bear (12,000 sq.
mi.) and Great Slave (11,170 sq., mi.). The total of these and 33 other lakes
{(nearly all over 100 sq. mi.) is 33,882 square miles.

Best information on arctic fresh waters in general is given in the
report of surveys conducted by the Fisheries Research Board in 1944-45 (1),

Subsistence, Dog=food and Fur-Farm Fishing
The line between subsistence and commercial fishing cannot be too sharply
drawn, but the former is the prevailing type in the north.

Yukon. In 1945 most fishing was done in the larger lakes: Teslin, Tagish,
Marsh, Lebarge, Ethel, Tatlmain, Kathleen, Dezadeash and Klusne (1). Formerly
(1925-35) there were many fur ranches, which used "some thousands of pounds a
week®™ of fish, but most of these closed down when fish became scarcer (prior to
1945). The 1945 estimated subsistence catch included only 10,000 pounds of
freshwater species, but this may be low. The total was as follows:

Chinook (king) salmon 25,000 1b,
Chum (dog) salmon 10,000
Other salmon 10,000
Whitefish 4,000
Cisco 4,000
Others 2,000

Mackenzie. Egtimates of subsistence catch are as follows, in pounds
round weight:



Great

Mackenzie Great Bear Slave Lake

River-1944 Lake-1945 (1954-55) Elgewhere
Whitefish 2,000,000 1,700,000 400,000 2,500,000
Cisco 1,000,000 300,000 2,000 oo
Inconnu 500,000 few 50,000 coo
Trout few 200,000 10,000 oo
Pike 500,000 Tew 150,000 coa
Others 500,000 10,000 3,000 abo
Not clagsified oo aoo P 1,500,000
Total 4,500,000 2,210,000 615,000 3,000,000

Keewatin and Franklin. ©Subsistence fishing in Keewatin probably takes
at leagt 1,000,000 pounds per year, but no definite information is available.
The inland waters of Franklin are fished locally by HEskimos, but only in very
few places,

Commercial Fishing

The principal commercial fishery in the north is in Great Blave Lake. It
began in 1945, and has been studied continuously (3). Catches have been as
follows, in thousands of pounds round weight:

Trout Whitefish Others

1065

1945 502 oo
1946 1617 1255 oo
1947 1665 1984 oo
1948 2187 4831 oo
1949 4015 5430 oo
1950 2546 5737 oo
1951 2769 4208 oo
1952 3274 3993 oo
1953 2434 3352 oo
1954 2389 4490 2030
Av. 4 2396 3578 1290
Lb./mi./fyr. 229 343 123

»Others™ in 1954 included: inconnu (335,000 1lb.), cisco (381,000 1b,), burbet
(734,000 1lb.), pike (135,000 1lb.), suckers (435,000 1lb.), walleye (9,000 1lb,)
and grayling (1,000 1b.). However not much fish of these species is actually
sold.,

The lO-year average catch per acre has been 0.36 pound of trout, 0.54
pound of whitefish and 0.09 pound of other gspecies. Total yield in recent
years {1951-54), including about 600,000 pounds subsistence catch, is close to
8.7 million pounds, or 1.19 pounds per acre.

-2 -



The lake is still in an early stage of exploitation, in the sense that the
trout and whitefish taken to date are almost all from year-classes spawned
before the commercial fishery started. It is still too soon to have information
on possible change in the recruitment, but most of the trout and whitefish eggs
have always been produced by fish smaller than present commercial sizes (4, 5),
hence spawning has been little affected. Growth rates show little change.

Commercial fisheries on a much smaller scale exist in four lakes, whose
1955 catches were, in pounds round weight:

Lake Trout Whitefish Walleye
Kekisa 0 0 30,000
MeDonald 9,648 29,100 0
Nonacho 1,760 2,960 Q
Thuban 18,086 32,704 0

Qutside the district of Mackenzie, the only true commercial production has been
from Nueltin Lake, on the Keewatin-Manitoba border, where 8,300 pounds of trout
and whitefish were shipped in 1950,

Future Prospects

Obviously there is a large unused fish potential in the north, but it lies
mostly in inaccessible places, and development of communications is bound to be
slow.,

Great Slave Lake's present yield is good for a cool northern body of water,
even one with a fairly high mineral content. A cautious policy is likely to
permit a slow increase in yield. The fish must remain sbundant enough to be
caught eagily, so that transportation charges on the long haul to market can be
met; hence the practicable yield may be considerably less than what is bio-
logically possible. With this in mind, we predict only a small increase, to
12,000,000 pounds per year of all species in 1980,

Great Bear Lake is very poor in nutrients and the present subsistence fish-
ery may not be too far from meximum sustained yield (1)}, We estimate 3,000,000
pounds a year in 1980. The upper Mackenzie River fisheries also seem relatively
well developed. Downriver, considerable expansion may be possible, but probably
mainly for local use because of remoteness.

Lakes not now fished for export may provide up to 3 million extra pounds
per year by 1980, but this would depend on their being made accessible by roads
built primarily for other commercial development. The potential gsupply is much
greater,

Sport Fighing

Sport fishing licences sold in the northwest territories are only a few
hundred a year, and catches may be no more than 20,000 pounds per year. However
gport and "subsistence™ fishing grade into one another. Favoured species are
leke trout, walleye, grayling and arctic char.




A very considerable increase in sport fishing, by tourists and others,
should occur by 1980, but the total take will probably be less than 500,000
pounds, ’
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Northern Affairs request about sea mammals [-IEBFQIXFQH’

I am answering this request as if it were phrased more or
less so: "What increase in utilisation ean be expected from the
various species of sea mammals in the next 10 years, so as to pro-
duce a yield sustained in perpetuo at this level of hunting". This
presupposes not only a knowledge of stocks, but also some idea of
what exploitation is intended. I think we have improved ideas on
both points since 1955, but we can still use the Royal Commission
Regort on Canada's Economic Future, which demanded prophecy up to
1960 (or for 25 years) as a basis.

A.W.M.

Atlantic walrus

The first six lines of the R.C. report can stand. I would
amend the remainder as follows: On present results the northern
Hudson Bay 8tock is estimated at about 3000 animals. The average
annual kill in this area is about 200 animals and this appears to
be a full utilisation. In Foxe Basing the reproductive potential
appears to be much greater in spite of an average annual kill of
400, and the herds there are probably in no danger of depletion at
the present level of hunting. There is little utilisation of the
stocks on the Canadian side in northern Baffin Bay, Lancaster and
Jones sounds and Davis Strait, and the annual kill probably could
be considerably enlarged. However all these areas act as natural
reservoirs for the species, and in time surplus populations will
develop. Then the walrus may become re-established over much of its
former range. No great increase over the average annual Canadian
kill of 1600 animals should be contemplated if the stocks are to in-
crease,

As the initial step in any program of walrus management,
the natives should be educated in better hunting practices, since
wastage in some areas is high,

DES .

Ringed Seal \;ﬁ
ko

In I. A, McLaren's absence, I woyld think his summary in
the R. C. Report still holds, and is well lified by his new Circular
on"the Economics of Seals in the eastern Canadian Arctic". N'n Affairs
should be directed to the summary of this Circular(pp. 1-3) and to
. the worked examples (pp. 76-83) if they are too busy to read the whole
report.
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We should also direct our thinking and perhaps that of our
Department to the question of obtaining more accurate statistics of
kill of ringed seals. RCMP game reports should be a good start.
Perhaps I. A. McLaren could work at this in the spring and indicate
area by area what in all probability is the catch level in relation
to the order of stock size.

DES

Bearded seal

The R. C. Report had nothing on this species. My second
paragraph above holds true here too. In the report I. A. McLaren
suggests that the total stock of Pojuk in the Eastern Canadian Arctic
might be 185,000 animals. What is the order of catch, overall? 1In
what areas is the catch probably at a maximum? negligible?

DES
White whale

The catch at Churchill has not increased since 1955
(1956~ 421 animals, 1957- 517, 1958- 338 up to Aug. 26, final statis-
tics not yet available). I think that unless capital is ploughed in
to enlarge and modernise the factory, few more whales could be caught,
bedause production is limited by the 2 month season (if 30 or more
whales are caught in a day, there is a glut). Hence I do not expect
an increase, and if it should occur the 800 (?900) whale quota already
limits it.

At the Tha-Anne River, Edwards' report (Arctic Division,
Dec. 1958) indicates that few more whales could be taken than the
present level of 65 (1957) or 43 (1958) because this type of small
estuary is too rocky and tidal for easy boat operation.

There should thus be considerable room for further ex-
ploitation around Mavani, if that is what N'n Affairs envisages. We
should have enough knowledge to advise on a total take for W'n
Hudson Bay in a year or two, assuming that this is a distinet popula-
tion (which the small size of the animals suggests), We expect to
gain information on numbers from our aerial survey this summer, and
on local movements etc. from the projected visit of the "Calanus" to
this area in 1960.

All that I can say about the stocks of white whales in Baffin Bay,
Lancaster Sound and Smith Sound is that they are probably large and
presently almost unexploited. They are reinforced by stocks of
narwhals which penetrate somewhat further to the north and west.
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As to exploitation of the small whales, I think that the
Churchill factory, tho' its machinery is outdated, is well laid
out and could profitably be closely examined if there is any thought
of industrial hunting (with dried meat meal or refrigerated meat as
a product) elsewhere. The small whalers now operated by the Dept.
of Fisheries and Co-operatives of the Province of Newfoundland
might also be examined. It seems to me unlikely that hand harpooning
from canoes or Peterheads, or netting, could catch enough small
whales for an industrial fishery. The use of harpoon guns from a
relatively fast boat, such as a well powered Peterhead or a Norwegian
type small catcher might, however, just be warranted for beluga where
found in good numbers. More important, development of a small whaling
factory supplied by powered catchers would be essential for re-opening
- the catching of:

Bowhead or Greenland Whale

Reports of this species in the western arctic are now so
numerous that thoughts of a fishery seem in order. There is no point
in suggesting a detailed suvey by us as the Bowhead is too oceanic a
species to be counted, except possibly where it passes close between
ice and shore at Point Barrow, but this is in Alaska of course. We
might just as well recommend N'n Affairs to try out an industrial hunt
with small whale catchers, keeping statistics for our Dept. and letting
us examine the catch. But International whaling Regulations would
have to be changed if anything more is contemplated than native hunting
and locally used products. This would be for the Dept. of Fisheries
to take action for Canada.

In the Eastern Arctic, Greenland whales seem to be
recovering more slowly, with most frequent reports from Cumberland
Sound.
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