- Original from
D d by
iitized by (( ;(}Ogle UNIVERSITY OF CALIFORNIA



- Original from
D d by
iitized by (( ;(}Ogle UNIVERSITY OF CALIFORNIA



- Original from
D d by
iitized by (( ;(}Ogle UNIVERSITY OF CALIFORNIA



- Original from
D d by
iitized by (( ;(}Ogle UNIVERSITY OF CALIFORNIA



4] A CRISIS IN THE HADDOCK FISHERY 3

cipal factors controlling the productivity of the haddock fishery.
This is available from the extensive research program carried on by
the former Bureau of Fisheries and the Fish and Wildlife Service,
United States Department of the Interior, during the past 10 years.
In this program the fishermen and the fishing industry have cooper-
ated wholeheartedly. Without their help in obtaining the necessary
observations and records, these results could not have been secured.
The data have been collected and analyzed by the author, assisted at
different times by John R. Webster, Henry M. Bearse; Mildred S.
Moses, and others. W. P. A. workers assisted in part of the com-
pilation and preliminary analysis. The calculation of the abundance
index for years since 1937 was made by Dr. George A. Rounsefell, in
conjunction with a general study of groundfish abundance.

CHANGES IN THE HADDOCK CATCH

Of all the haddock grounds, the most productive has been the South
Channel-Georges Bank area. This area comprises about 20,000 square
miles of fishing ground and has yielded an annual catch that reached
a peak of nearly 230,000,000 pounds (gutited weight) in 1929, and
then declined to approximately 105,000,000 pounds in 1939 and
93,000,000 pounds in 1940. A record of the annual haddock landings
from this area over the past 27 years is shown in figure 2.

The fluctuations in catch shown in figure 2A have been due mainly
to two factors: (1), Changes in the amount of fishing; and (2), changes
in the abundance of haddock. '

The amount of fishing in the South Channel-Georges Bank area
has varied a great deal during the 27 years the records cover. From
1914-27 it was relatively low; then increased about five times to a
peak in 1930; dropped rapidly to a low level in 1934; and finally in-
creased once more to a relatively high level in 1938-39. In order to
show these changes in amount of fishing in an understandable man-
ner, the operations of all forms of gear, including line trawls, draggers,
and large otter trawls, have been reduced to a common basis. Thus
it is possible to determine the total number of days’ fishing it would
have taken boats of the Notre Dame, Maine, and Ebb size and type
(length about 122 ft. and 500-550 hp.), with the same gear and
methods used by these boats in 19832-37 to take the entire catch landed
by all kinds and sizes of boats. This is shown in figure 2B as total
theoretical number of fishing days. The rapid increase in the amount
of fishing from 1928-30 was due to the recommissioning of trawlers
built during the World War, construction of new boats, and the more
continuous operation of old boats. The rapid decline from 1931-34
was caused by the tying up of many steamers and the diversion of
most of the other large trawlers to the Nova Scotian banks. Partial
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4] A CRISIS IN THE HADDOCK FISHERY 5

FLUCTUATIONS IN ABUNDANCE OF HADDOCK

Changes since 1914 in the abundance of haddock are shown as an
“abundance index” in figure 2C. The curves represent the average
catch per day’s fishing by large otter trawlers, after adjusting the
catches in the early years for differences between the catching capacity
of the boats and gear used at that time and that for modern boats of
the Notre Dame, Maine, and Ebb type. The curves are based upon
actual performance records of most of the regularly operated large
otter trawlers in the fleet, as shown by company records and radio re-
ports for the Bay State and Portland Trawling Co. fleets, Bureau of
Fisheries and Fish and Wildlife Service records, Boston Fish Ex-
change records, installation and operation records from the Radio
Corporation of America, Vigneron Dahl Co., and Submarine Signal
Co., and data obtained by personal interview from captains or mates
for nearly all fishing trips since 1932. The effect of increases in the
size and power of the boats, use of wireless, fathometer, Vigneron-
Dahl gear, and increase in gear competition has been calculated and
adjusted for in this curve. In short, the curve represents the very
best measure that can be worked out at present for the relative abun-
dance of haddock over the 27-year period.

From abundance records and data on growth rate and migrations,
it is possible to calculate the approximate number of marketable-sized
haddock in the South Channel-Georges Bank area. In 1927, the
year of maximum abundance, the number was approximately
300,000,000 to 350,000,000 individuals, while in 1931, the year of mini-
mum abundance, it was approximately 65,000,000. If these fish were
distributed evenly over the 13,000,000 acres of the bank, they would
have averaged about 25 fish per acre in 1927 and about 5 fish per acre
in 1931. .

The most striking features of the abundance curves shown in figure
2C are the cycles during the 1914-31 period and the continued low
level since the latter year. The increases and declines in total had-
dock are due to changes in scrod abundance, for in each instance
increases in total haddock occur in the years following big catches
of scrod, while declines in total haddock follow years of small scrod
catches. This fact indicates simply that increases in abundance can
occur only following years in which large numbers of young were
produced, and that following years of poor production of young the
total abundance must decline as the result of losses due to natural
mortality and the commercial fishery. It should be noted, however,
that following 1931 total haddock abundance did not increase ma-
terially in spite of the fact that there was a considerable abundance
of scrod. The reasons for this failure to respond as in previous in-
stances will be discussed later.
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6 ‘ FISH AND WILDLIFE SERVICE [CIRCULAR
CAUSES OF FLUCTUATIONS IN ABUNDANCE

Since it is evident that the principal fluctuations in the abundance
of marketable haddock are due directly to changes in scrod abun-
dance, the problem now resolves into a determination of the factors
responsible for variations in the abundance of scrod. The most
probable factors have been studied carefully, and it has been found
that the most important are the size of the spawning stock and com-
petition between adults and young—presumably competition for food,
since haddock are not known to be cannibals. The controlling in-
fluence of these factors is shown clearly by the following data.

From extensive biological studies we know that most South Chan-
nel-Georges Bank scrod are 8 years old; that is, from 3 up to, but
not including, 4 years old. In the fall and winter the scrod catches
include considerable numbers of younger haddock which will be 38
years old the following spring, but during the spring and early sum-
mer the main part of the scrod catch, except for baby scrod, is made
up of 3-year-old haddock; for at that time most 4-year-old fish are
included with large haddock, while 2-year-old fish average about 1
pound and until 1941 were not landed in appreciable quantities.
Consequently, the abundance of scrod during the spring and early
summer constitutes a good measure of the relative numbers of had-
dock reaching marketable size from the spawning season 3 years
earlier.

Studies of the quantities of eggs produced by fish of different sizes
have shown that the number is roughly proportional to the weight
of the fish. Furthermore, examination of thousands of haddock
during the spawning season has shown that most of those of scrod
size or larger are mature. Consequently the total number of eggs
spawned during any season is approximately proportional to the
abundance of marketable haddock during the winter and spring of
that year.

The size of the spawning stock and number of young produced
from it, measured as described above, has been compared for each
of the years covered by the data for 1914-40. The results demon-
strate that as the spawning stock increased, the number of young
produced also increased until the spawning abundance reached a
level corresponding to a yearly average catch per day of 20,000 to
25,000 pounds. With further increases above that abundance level,
the production of young declined irregularly. Since this decline in
production of young must have been due to competition with the
adults as they became very numerous, a second comparison has been
made between the abundance of adults during the winter months
and the number of young which survived through that winter from
the previous spawning season. This comparison disclosed a high
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4] A CRISIS IN THE HADDOCK FISHERY 7

negative relationship, showing that during winters when the adults
were most numerous few young haddock survived.

The combined influence of the two factors just mentioned is illus-
trated by the composite graph in figure 3. The relationship, at
medium and low levels of abundance, between the adult haddock dur-
ing the spawning season and the numbers of young produced from
that spawning is shown in the left-hand section of the graph. This
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months. Directly below each is the relative number of young from the
preceding spawning season that survived through that winter.

demonstrates that the production of young increases as the spawn-
ing stock becomes larger, until an abundance level is reached corre-
sponding to average catches of 20,000 to 25,000 pounds a day.

The relationship at high levels of abundance between the adults
during the winter and the numbers of young surviving is shown in
the right-hand section of figure 3. When adult haddock were ex-
tremely abundant the survival of young was reduced to practically
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8 FISH AND WILDLIFE SERVICE [CircULAR

nothing, apparently due to the fact that when the adults become
sufficiently numerous the young cannot compete successfully with
them for food.

The degree of competition between adults and young of different
ages was studied and was found to be most severe when the young
are in their first winter, during which season the adults are most
widely dispersed over the fishing grounds. Studies of the distribu-
tion of haddock over the bank during the year, based on extensive
data from the fishing fleet and research-vessel surveys, show that
during years of high abundance the adults overrun the nursery
grounds during the winter and spring months, while in years of
low abundance they do so only to a limited extent.

On the basis of the above evidence, it is apparent that at low and
medium levels of abundance the production of young is controlled
principally by the size of the spawning stock; that is, the more
spawners, the more young fish. From medium to very high levels of
abundance the production of young is controlled principally by the
abundance of adults during the winter months; that is, the greater
the numbers of adults, the smaller the number of young that survive.
Other environmental factors, such as temperature, probably affect
spawning success to some extent and undoubtedly account for some
of the deviations of the observed values from the smoothed line in
figure 3, lower graph. ‘

CAUSES OF LOW ABUNDANCE IN RECENT YEARS

With an understanding of the major factors that control the
production and survival of young haddock, the catch records again
may be examined to determine the reasons for the continued low
abundance and low catch in recent years. This can best be done
by reference to specific examples.

In 1925-26 the annual haddock catch from the South Channel-
Georges Bank area averaged about 95,000,000 pounds; but, in spite
of this heavy drain on the supply, the abundance of haddock on
the banks continued to increase rapidly. Since 1931 the total catch
in the same area has averaged well below the 1925-26 figure, but not-
withstanding this apparently smaller drain on the supply, the had-
dock stock has not increased in abundance as it did in 1925-26.
There are two important reasons for this failure to increase.

First of all, the spawning stock since 1929 has been far below its
most productive level (fig. 83). According to the data, the relative
abundance of adults during these years has averaged but 12,000
pounds per day. The number of young produced at this low level
of abundance has been limited and corresponds to an average catch
of less than 1,900 scrod per day. In 1922-24, the years during which
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4] A CRISIS IN THE HADDOCK FISHERY 9

the great numbers of young haddock were spawned which were
responsible for the rapidly increasing catches in 1925-26, the abun-
dance of adults averaged over 23,000 pounds per day. This doubling
of the spawning stock increased the numbers of young produced
to an average of nearly 4,500 scrod per day. Thus, the evidence in-
dicates that the abundance of young in recent years would have been
more than doubled if the spawning stock had been built up to a
level corresponding to that in 1922-24. That by itself would have
greatly increased the annual yield.

The second reason for the continued low abundance is that the
fishery now is taking haddock at a much smaller size than in former
years. During 1925-28 the fleet landed only 12 percent as much
scrod as large haddock, while in 1937-40 it landed nearly 60 percent
as much scrod as large. This increase in the proportion of scrod
represents the general trend toward capture of smaller haddock. We
have no detailed data for 1925-27, but a large series of measurements
made in 1928 showed that the average size of haddock landed in
that year was about 3.4 pounds. Ten years later, in 1938, the aver-
age size was 2.4 pounds.

Extensive age and growth studies made during this investigation
show that on Georges Bank 2-year-old haddock, if left on the bank
another year, will about double in weight; and similarly, 3-year-old
fish will increase in weight by 30 to 40 percent. Since this weight
increase is a great deal more than the decrease in numbers through
natural death (our data indicate that natural mortality probably
is about 10 percent), it follows that when haddock are caught young
the number of pounds available to the fishermen is considerably
reduced. Taking a specific instance: In 1938, if the approximately
18,000,000 haddock weighing less than 2 pounds had been left in
the water until they reached the average size of haddock landed in
1928 they would have provided an additional 15,000,000 to 25,000,000
pounds for the fishermen, and in addition they would have increased
the spawning stock in 1939, 1940, and 1941 so that more young would
have been produced fcr future years.

From this evidence it is clear that the failure of the haddock popula-
tion in the South Channel-Georges Bank area to build up to a more
productive level since 1931 is due principally to the following two
causes: (1), The fishery is taking smaller fish than formerly, with the
result that although the annual catch in pounds of fish since 1931
averaged considerably smaller than the average for 1925-26, the catch
in number of fish averaged nearly 35 percent greater than for 1925-26.
If the fishery in recent years had been restricted to the larger haddock,
a considerably larger poundage would have been available from the
same number of fish; and (2), the very intensive fishery in 1929-31 re-
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10 FISH AND WILDLIFE SERVICE [CIRCULAR

duced the spawning stock to less than one-half of its most productive
level. Consequently, even though the fishing intensity on Georges
Bank since 1931 has averaged little more than half that in 1929-31, the
number of haddock has not increased materially because of the reduced

supply of young.
EFFECT OF THE NEW FISHERY FOR BABY HADDOCK

In view of the above evidence, it is clear that the rapidly growing
fishery for baby haddock threatens the future productivity of the had-
dock industry. The increase in landings of baby haddock is illus-
trated by figure 4, which shows the approximate numbers of haddock
of each size landed from the South Channel-Georges Bank area during
January and February in 1928,1938, and 1941. A trend toward smaller
fish is shown from 1928-38, but the big change occurs in 1941 when well
over 2,000,000 haddock weighing less than 114 pounds were landed.
These fish were but 2 years old, and if left on the fishing grounds they
would have doubled in weight in another year.

If this practice is continued it will further reduce the size of had-
dock from the average of 2.4 pounds in 1938 to perhaps 1.7 pounds or
less within the next few years. With the same average number of
yvoung produced as during 1932-40, the total annual catch that could
be obtained regularly from this area would drop from the present
90,000,000- to 100,000,000-pound level to about 60,000,000 to 70,000,000
pounds, representing a loss to the fishermen of more than $1,000,000
(based on 1940 prices). Furthermore, the data show that the pro-
duction of young will decrease proportionately if the spawning stock
is reduced further by the capture of small, immature haddock. This
trend, combined with the lower average size of market fish, must cause
the total yield from the South Channel-Georges Bank area to drop
considerably below the 60,000,000- to 70,000,000-pound level. The
result will be smaller trips, much higher production costs, greatly
reduced supplies for the market, fewer and smaller fish for filleting,
and fewer jobs for fishermen and shore crews. In addition, the de-
creased supplies and higher costs will result in loss of markets to
other kinds of fish and other foodstuffs.

MEASURES NECESSARY TO MAINTAIN AND IMPROVE
FISHING

On the basis of the evidence thus far presented, it is possible to state
definitely that under adequate and practical management measures
which would protect young haddock until their rapid growth is com-
pleted, and which would build up the spawning stock to the most
productive level, annual production from the South Channel-Georges
Bank area not only can be maintained but can be increased greatly—
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F1eUure 5.—The relative sizes of the haddock shown in the above charts are based
on the average sizes of large, scrod, and baby haddock landed on the Boston
Fish Pier in January-February 1941. To make up a 100,000-pound trip re-
quired 28,000 large, 48,000 scrod, or 90,000 baby haddock. It is easy to see that
a catch of small haddock not only reduces the population left in the sea to grow
and spawn, but it also requires several times as much labor to handle.
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4] A CRISIS IN THE HADDOCK FISHERY 13

possibly to double its recent level; that is, to nearly 200,000,000
pounds. Certainly it can be increased to 150,000,000 pounds. With
such an incentive, the various groups of producers and marketers
should find it well worth while to assist in developing and applying
practical management measures which will make this goal possible.

Measures which will be of material help in producing the desired
results, and are practical to apply, are limited in number. The most
promising appear to be: (1) Require all boats fishing for haddock to
use a mesh of such size that most of the haddock below 2 pounds will
escape.? (2) Establish closed areas to protect the principal nursery
grounds. (3) Prohibit the sale of haddock below 2 pounds in weight.

On the basis of past experience with measures of this kind, it
appears certain that to make them effective they must be backed
by Federal legislation or international treaty. For Georges Bank,
which during the last 10 or 15 years has been fished only by United
States boats, probably Federal legislation would be sufficient. To ex-
tend the regulations to the Nova Scotian banks, however, international
action might prove desirable; although at the present time the Cana-
dian fleet includes no otter trawlers. The effect of the line-trawl
fishery is not important, for as a general rule these boats catch few
haddock below 2 pounds.

ALTERNATIVES FACING THE INDUSTRY

The above measures may appear drastic to those accustomed to
thinking of the fishing industry in terms of wholly unrestricted op-
erations. When the alternatives are considered, however, it should be
obvious that some definite action of the kind suggested must be taken.
If the fishery continues its present course without hindrance, and
the taking of small haddock continues and increases, the tremendous
production of the haddock fishery in the South Channel-Georges
Bank area will decrease in both quantity and quality until the annual
catch is reduced to less than 50,000,000 to 60,000,000 pounds and is
made up principally of scrod haddock and baby haddock—fish weigh-
ing less than 214 pounds each. Such a decrease will occur within the
next few years, not 15 or 20 years from now. On the other hand, if
adequate remedial measures are adopted in the near future, not only
will a drastic decline in Phe catch be prevented but actually an in-
crease of at least 50 percent will result. This increase represents a
difference in yield of 100,000,000 pounds or more, which at 1940 prices
would bring the fishermen about $4,000,000. The proposed measures
will be of major assistance in achieving this result.

2 This suggestion will require a mesh with an inside stretched diameter of about 4 inches,
after shrinkage; or a diameter of about 514 inches between knot centers, new netting.
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