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ABSTRACT

This study of the whitefish fishery of Lakes Huron and Michigan includes: (1) a review of
the available statistics of production, 1879-1942; (2) a detailed analysis of the annual fluctua-
tions in the production and abundance of whitefish and in the intensity of the whitefish fishery
in the State of Michigan waters of the lakes, 1929-1942, with special reference to the effects of
fishing with deep trap nets; (3) an account of the bathymetric distribution and vertical move-
ments of whitefish and certain other species; and (4) a report of field observations made in
1931 and 1932, as related particularly to.the destruction of undersized whitefish by pound nets
and deep trap nets. The main body of the manuscript and appendices A, B, and C, completed '
in March 1942, contain statistics through the year 1939. Since that time, records for the
years 1940-1942 have become available. Because these additional data did not alter any of the
conclusions of the manuscript but actually strengthened them, it was not deemed justifiable to
expend the considerable amount of time and money that would be required to revise the study.
The 1940-1942 records are therefore presented in appendix D.

From a relatively high production in the earlier years of the period, 1879 to 1942, the yield
of whitefish declined to a lower level about which the catch fluctuated until the Iate 1920’s and
early 1930’s when a general increase in production occurred. This recent increase was higher
and the subsequent decline more severe in the Michigan waters of Lake Huron than in other
areas.
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GENERAL INTRODUCTION

The great economic value of the whitefish (Coregonus clupeaformis) and the wide-
spread demand for it by the general public combine to make conservation of this species
a matter of primary importance. Accordingly, conservation officials were gravely dis-
turbed by the numerous reports and complaints of commercial fishermen in 1928, 1929,
and 1930 concerning the operation of a new type of gear—the deep trap net—in the
waters of Lake Huron off Alpena, Mich. These nets, the complainants contended,
took whitefish literally by the tons, threatening the immediate extinction of the com-
mercial stock. They held further that the deep trap net not only took legal-sized white-
fish in unreasonable quantities but that it was also highly destructive to immature fish.

Gill-net fishermen stated that they were forced to suspend operations in areas in
which deep trap nets were fished because of the thousands of rotting, undersized white-
fish that drifted into their nets. These fish, they believed, had been destroyed in the
deep-trap-net fishery. They charged specifically that young whitefish were killed by
confinement in deep trap nets, by gilling in the trap-net meshes, by the rapid change
of pressure when the nets were lifted, and by excessive and rough handling in the sort-
ing of the catch. They charged further that deep-trap-net fishermen habitually
dumped the dead, undersized whitefish overboard, and thus ruined the best whitefish
grounds by pollutmg the bottom and driving away the fish.

Operators of both gill nets and pound nets objected to allegedly unfair tactics of
deep-trap-net fishermen. Gill-netters stated that deep-trap-netters had usurped the
traditional gill-net grounds and even had deliberately set deep trap nets across
strings of gill nets. Pound-netters asserted that deep trap nets were set offshore
in such positions as to block the passage of whitefish to the inshore pound-net grounds.

Both groups of fishermen complained that the high production by deep trap nets
had glutted the market and depressed prices, making operations with other gears un-
profitable.

The extent to which the many accusations leveled against deep trap nets and their
operators were just could not be determined without extensive field observations. Pre-
liminary inquiries, nevertheless, revealed that the deep trap net constituted an un-
deniably serious threat to the whitefish fishery. It was in recognition of this menace
that the Michigan Department of Conservation and the United States Bureau of
Fisheries (now the Fish and Wildlife Service) agreed to carry out cooperatively a
program of field observation, in order first, to determine the effects of the deep trap net
on the whitefish fishery, and second, to obtain information on which to base recom-
mendations for sound regulation of the gear.

By 1931, the first year of the cooperative field investigations, the deep-trap-net
fishery had e\panded so rapidly that in a number of locahtles the net had become the
dominant gear for the catching of whitefish. These nets were then being fished ex-
tensively in the State of Michigan waters of Lake Huron as far south as the “Middle
Grounds” off the mouth of Saginaw Bay and had spread also into Lake Michigan where
they were used in Green Bay and in northern Lake Michigan, out of Manistique and
especially out of ports of the north channel area (region north of the Beaver Islands).
In 1931 deep trap nets were fished also in the waters of Door County, Wisconsin. (For
a condensed report of the brief survey of these waters in 1931 consult appendix C.)

The Michigan Department of Conservation’s Patrol Boat No. 1 was placed at the
service of the United States Bureau of Fisheries investigators from July 22 to 27, 1931,
when a general survey of the deep-trap-net grounds of northern Lake Michigan and of
Lake Huron was made. For the conduct of the later routine field observations, the
Department of Conservation assigned one field assistant and paid the operating expenses
of one automobile from August 1 to October 21, 1931, and during the month of May 1932.
Beginning June 1, 1932, and extending into October, when the field work was discon-
tinued, the Michigan Department of Conservation furnished three field assistants and
paid the operating expenses of two automobiles. This increase of the staff made it
possible to conduct the investigation simultaneously on both northern I.ake Michigan
and Lake Huron. The fishermen were practically all willing to cooperate by allowing
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the investigators to go aboard their boats, by giving specifie information requested, and
by discussing frankly problems econcerning the fishing industry on the Great Lakes.

The research staff of the U.S. Fisheries Vessel Fulmar obtained data in 1932 on
some of the deep trap nets and pound nets fishing in Green Bay and around Gull Istand
in northern Lake Michigan.

The general procedure in the field investigation was to observe the lifting of the
deep trap nets, to make counts of all fish in the net, and to take notes both from
observation and interviews with the fishermen.

Certain data were, of necessity, obtained from the fishermen. They were: distance
and direetion from port or from some charted landmark; depth of water in which
the net was set; size of mesh (as manufactured) in the lifting pot; depth of lead; and
the dimensions of the net.

Other data were recorded as observed. These included: size of mesh (as found
in use) in the lifting pot; preservative with which the twine was treated; numbers of
legal- and illegal-sized fish, and of dead, bloated, and gilled fish of each species.
Gilled whitefish were measured and weighed whenever possible. When it was impos-
sible to measure or weigh the gilled fish, an estimate was made of the numbers that
were of legal or illegal size. Lengths, weights, and scales were procured from samples
of the catches of whitefish when possible. Few data could be obtained on the sex and
maturity of the legal-sized whitefish beeause praetieally all were sold in the round.

The procedure for the study of pound nets was the same as that for the deep trap
nets. As these two types of gear are of such similar eonstruction, it has been possible
in eertain phases of the study to combine the data eollected from both.

The data collected during the course of the 1931-1932 field investigations form the
basis of parts III and IV of the present report.

Statistieal investigations also have been made an integral part of the present study
of the whitefish fishery of Lakes Huron and Michigan. In order to provide a better
background for the understanding of conditions in the recent eritical years, a compi-
lation was made of all available statisties of production in the United States waters of
the two lakes and of produetion in the Ontario waters of Lake Huron, beginning in
1879. These data are presented in part 1.

Detailed statistical analyses have been made of local fluctuations in the produe-
tion and abundance of whitefish and in the intensity of the whitefish fishery in the
State of Michigan waters of Lakes Huron and Miehigan over the period, 1929-1939
(part II). These analyses, which were based on eommercial fishing reports supplied
by the Michigan Department of Conservation, have eontributed greatly to the under-
standing of the effects of extensive deep-trap-net operations on the general conditions of
the fishery.

The deep trap net, with the effeet of which on the course of the whitefish fishery this
report is primarily eoneerned, was developed by the late John H. Howard at Cape
Vineent, N.Y., and was first used by him in Lake Ontario in 1924. By experimenta-
tion Mr. Howard discovered that “the bigger the trap the bigger was the cateh of fish
taken.”? Aeeordingly, he built larger trap nets, using his Lake Erie type of trap nets
as a pattern, and incrcased their depth from about 12 fect to as much as 30 feet. This
type of net soon was adopted by other fishermen in the vicinity of Cape Vineent, but
apparently did not spread to other ports on Lake Ontario.

The deep trap net was introduced into Lake Huron July 12, 1928, when John H.
Howard and his brother, D. C. Howard, set five nets in Thunder Bay off Alpena, Mich
Deep-trap-net opcrations were confined to the Alpena region in 1928 and 1929. In
1930, however, an expansion of the fishery got under way, that ultimately carried the
deep trap net to all parts of the United States waters of Lake Huron and to most of
the important whitefish grounds of Lakes Alichican and Superior.

In all three of these lakes the deep-trap-net fishery was confined to, or underwent
its principal development in, the State of Michigan. Sinee deep trap nets were never
permitted in the Province of Ontario or introduced into the Minnesota and Wisconsin

2 We are indebted to the late John H. Howard and to ). P. Snyder, former Superintendent of the Federal Fish Hatchery, Cape Vincent, N. Y.,
for information on the deep trap net in Lake Ontario.
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waters of Lake Superior, operations with the gear in Lakes Huron and Superior were
limited to Michigan waters. Deep trap nets were fished in Lake Superior as far west
as Ontonagon but were most abundant in Whitefish Bay at the eastern end of the lake.
The use of deep trap nets became illegal in the Miehigan waters of Lake Superior, July
1, 1936. The most extensive deep-trap-net fisheries of Lake Miehigan were developed
in the State of Michigan waters of Green Bay and of the northeastern seetion of the
lake. Relatively limited operations were earried on also in Miehigan waters off Grand
Haven (chiefly in 1934), in the Wisconsin waters off Door County (1931-1935), and
in Indiana (June 1935-July 1, 1936). The u=e of deep trap nets became illegal in the
Miehigan and Wiseonsin waters of Lake Michigan after the 1935 season and in Indiana,
effective July 1, 1936. This type of gear was never ysed in Illinois. The deep trap net,
may now be legally operated in the Great Lukes only in Lake Huron (Miehigan waters)
and Lake Ontario (New York waters).
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Figure 1.—The deep trap net.

The deep trap net (fig. 1) eonsists of the leader, hearts, hood or breast, tunnel, and
lifting pot or crib.

The lifting pot or crib of the deep trap net is covered with webbing, whereas that
of the pound net is open at the top. Deep trap nets are held in position by means of
anchors and buoys while pound nets are generally held in position by stakes driven in
the lake bottom. Aside from these two differences, deep trap nets and pound nets are
of similar eonstruction. In fact, during the earlier years of the deep-trap-net fishery
the gear frequently was termed a ‘“submarine pound net.”

In the nets observed,® the anehors were 2-point hook anchors weighing about 35
pounds eaeh except the “king” anchor which weighed about 60 pounds. The smaller
anehors (usually numbering 12 to 16) were attached to lines that varied from 400 to 600
feet in length; the “king” line attaehed to the back of the erib was about 1,800 feet long.
The leader was from 40 to 80 rods long, from 20 to 471 feet deep, and had meshes of
7 to 9 inehes. (All mesh sizes in this description are extension measure as manufac-
tured.)

The hearts had the same depth as the leader. The sizc of mesh in the hearts was
reported to have ranged from 5 to 7 inches. The hearts were about 45 feet long with a
spread of approximately 100 feet between the tips. In some nets the outside walls of
the hearts were extended forward about 24 feet as single thieknesses of netting known
as wings. The hood or breast, whieh connects the hearts and the tunnel, varied from
24 to 27 feet in length.

The tunnel, the length of which varied from about 45 ta 75 feet, tapered from a depth
equal to that of the hearts to form a 3-foot square opening inside the pot. Meshes in the
part of the tunnel outside the pot varied from 5 to 7 inches, but meshes as small as
2 inches were reported for the tunnel inside the pot. Variations reported in the length

3 The dimensions given in this description were obtained from the fishermen and based on those nets observed in the field and possibly may not

?nvea the full range of variation in the gize of deep trap nets. It was, for example, reported to us that one fisherman operated a net that was 75
eet deep.
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and depth of the lifting pot were: depth—18 to 474 feet; length—30 to 40 feet. The
lifting pot usually tapered from front to rear so that the width in a single net varied
from about 24 to 20 feet. Mesh sizes in the pots ranged from 3% to 5 inches as manu-
factured* except that the front side of the net (the side tlirough which the tunnel enters)
eontained meshes measuring not more than 31 inches. In some nets this small mesh
was extended along the sides and bottom of the net, but for a distance of not more
than one third the length of the pot.

The lifting methods employed varied considerably, the most general method being
that in which the net was brought to the surface by means of a lifting line attached to
the “king” anchor line 75 to 150 feet from the back of the pot. When the net was
brought to the surface, the boat was pulled under the anehor line and worked forward
until it was under the pot of the net. The fish were shoaled on the front or tunnel
side of the net and removed through laced openings. After the fish were removed, the
boat was worked back to the point where the lifting line was attached, the lines were
allowed to slip into the water, and the net was permitted to settle to the bottom.
The average time required to lift a deep trap net was approximately one hour. Num-
erous mechanieal devices have been developed to reduee the amount of labor involved
and several types of power lifting machines are now in use. Some fishermen released
the tension on the back anchor line and handled the net alongside the boat in a way
similar to that employed for lifting pound nets.

4 The present minimum size of mesh permitted in the pots of deep trap nets operated in the Michigan waters of Lake Huron is 414 inches as found
in use; provision is made for a section of netting the meshes of which may not be more than 334 inches on which the fish may be shoaled.



PART 1
PRODUCTION OF WHITEFISH IN LAKES HURON
AND MICHIGAN, 1879-1939
LAKE HURON

Because of defects in the data on the catch of whitefish in the United States (State
of Michigan) waters of Lake Huron in certain of the earlier years, the graphical repre-
sentation (fig. 2) of the production history of the lake (table 1) begins with the year
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Figuae 2.—Commercial produetioa of whitefish in Lake Horon, 1880-1939. = Lower solid line, Ontario waters of Huron proper; short dashes, North
«afi Chaonel aod Georgian Bay; long dashes, State of Michigan waters; upper solid lie, entire lake.

1889.5 1t is true that data are available for Ontario waters of Lake Huron for years
prior to 1889. However, it is with the course of production in the State of Michigan
waters that the present study is most concerned.

Despite the known inclusion of the catch of Menominee whitefish or pilots® in the
data for 1879, 1885, and 1890, the recorded production of whitefish in the State of
Michigan waters of Lake Huron exceeded 2 million pounds in only 2 of the 4 earliest
vears for which records are available (1879 and 1889) and was less than 114 million
pounds in 1885 and 1890 (only slightly above a million in the latter year).

The production of whitefish in the State of Michigan waters of Lake Huron was
well over 2 million pounds in 1889, the first year for which acceptable data are avail-
able. In 1891, the second year for which presumably usable statistics are available,
this yield was somewhat above 114 million pounds. The next several years saw an
irregular but distinet downward trend. The average production for the years, 1889

& See appendix A for a listing of the sources of the statistical data of table 1 and statemeats concerning their limitations in certain years. Also
see appendix D for the 1940-1942 records.

¢ Although there can be no certainty concerning the production of Menominee whitefish in the early years of the fishery, it is not believed that
catches of that species made np a great part of the reported production of whitefish in years earlier than 1891. Consequently, the catch for 1890
was graphed in figure 2 although the yield for that year was exclnded from the computation of uverages. The catch of Menominee whitefish in the
State of Michigan waters of Lake Huron exceeded 100,000 pounds oaly fi times in the 32 years for which data are available within the period, 1893-
1939, aad frequently was less thaa 50,000 pounds.

302
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and 1891-1896 (1896 was the last of the earlier vears in which the catch exceeded a
million pounds), was 1,464,000 pounds. (In the discussion of this section, yields will
be given to the nearest thousand pounds.) The period, 1897-1921, was one of rather
consistently low output, the catch of whitefish exceeding a million pounds in only
4 isolated years of the 22 for which there are records. The average annual yield for
this period was 885,000 pounds.

TaBLE 1.—Production of whitefish in pounds in Lakes Michigan and Huron, 1879-1939

[See appendix A for list nf sources of the data)

Lake Michigan Lake Huron
Year
Qatarin Oatario
Wisconsin Michigaa Eatire lake! Michigan Huroo proper Georgian Bay Eatire lake
L
1879 (.. 212,030,400 32,700,778 726,600
3TV O IR PRI - 762,800
1881 |__ 907,000
1882 (.. 836,500
LR ||oococomanaccanac| |t comasana| lnooaatao R oot 620,000
1884 cocoocoier it | Boco 701,750 1
1885 28,652,986 757,100 1
1S | N | A | I S e || S s 557,000 1
1887 325,600 2
1888 e 236,550 4 .
1889 481,955 5,004,641 5,523,971 2,391,503 210,219 5,003,259 7,604,981
1890 187,442 24,281,921 4,056,841 1,033,158 442,020 5,495,800 36,973,978
1891 | oo 2,404,571 | oo 1,624,860 267,900 4,236,880 6,129,640
1892 334,080 2,522,402 2,856,482 1,486,183 578,050 5,630,106 7,694,339
1893 470,325 1,975,800 2,446,125 1,577,600 226,000 3,645,800 5,449,400
1894 417,100 1,295,805 1,712,905 1,218,250 187,600 2,509,436 3,915,286
1895 520,325 1,022,740 1,543,065 045,867 58,230 1,355,275 2,359,372
1896 553,000 1,447,300 2,000,300 1,005,735 168,520 1,408,180 2,672,435
1897 £86,358 2,418,953 3,345,071 865,960 172,570 910,466 1,948,996
1898 2,3 592,750 249,340 968,590 1,810,680
1899 1,6 645,580 28,074 1,651,086 2,324,740
1900 1,6 555,420 26,154 1,503,101 2,084,675
1901 2,0 788,245 23,606 1,413,239 2,225,090
1902 2,7 913,530 17,018 1,621,540 2,552,088
1903 2,2 937,460 19,630 1,279,060 2,236,150
1904 2,5 787,360 16,500 2
1905 2,5 674,860 78,980 1
1906 2 791,720 45,300 2
1907 1,132,972 82,020 2
1908 973,905 875,292 3
1909 | 133,233 || eme e 354,405
1910 77,561 coced | [eeooeccaasacaco 92,332
1911 124,519 1,305,447 1,420,966 (... oo _____._. 70,352
1912 180,283 1,157,510 1,337,793 781,739 38,738
1913 117,925 1,202,299 1,320,224 787,101 39,017 ¥
1914 40,665 1,331,364 1,372,020 1,393,139 69,608 1,211,499 2,674,246
1915 120,916 1,358,838 1,479,754 812,286 56,859 1,335,484 2,204,629
1916 108‘,221 1,521,107 1,629,328 1,919,369 77,160 1,944,109 3,940,638
1917 126,933 2,458,084 2,022,767 588,977 76,535 1,144,620
1918 254,079 2,092,334 2,316,413 1,101,948 65,668 1,123,608
1919 202,119 1,286,601 1,488,720 727,194 97,419 1,200,842
1920 131,433 805,558 936,991 646,696 83,004 1,354,506
1921 362,415 958,709 1,321,124 757,616 76,493 1,222,676
1922 163,201 1,151,250 1,335,251 1,401,347 68,111 1,323,390
1923 442,923 1,061,701 1,504,624 1,198,971 128,909 1,390,021
1924 247,104 1,149,683 1,396,787 1,381,694 193,122 1,282,569
1925 242,379 1,405,028 1,652,000 1,203,149 121,524 1,495,881
1926 325,420 1,537,554 1,875,068 1,722,757 155,351 1,365,055
1927 314,232 2,254,623 2,591,291 1,676,875 191,494 1,773,983
1928 554,067 2,956,146 3,525,667 1,468,801 224,262 1,568,267
1929 644,489 4,287,869 965,733 1,456,368 204,761 1,385,316
1930 550,028 4,812,825 440 246,551 1,186,319
1931 841,539 3,823,908 4,675, 245,157 1,214,918
1932 491,606 3,332,284 3,836, 21927 1,362,809
1933 332,000 2,235,840 2,574,440 309,519 1,733,056
1934 246,000 1,932,178 2,182,778 308,939 1,635,832
1935 263,900 1,431,724 1,697,124 340,327 1,596,312
1936 142,600 £76,411 1,025,511 235,304 1,244,030
1937 122,300 946,867 1,072,967 286,981 1,377,130
1938 141,800 1,117,079 1,258,879 205,230 1,381,841
1939 110,700 839,856 950,556 255,183 115,061 1,275,255 1,645,499

1 See appendix A for list of years ia which the Lake Michigan tntal includea the catchesia the waters nf Illinois aad ladiana.

2 Ineludes blackfins, longjaws, and pilots (Menominee whitefish); the total for the lake ia 1890 does not include the catch of these three species
3 Includes pilots; the totals for the lake include only the pilots from the State of Michigan waters.

4 Accuracy considered questionahble; see p. 381.
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The production of whitefish in the State of Michigan waters of Lake Huron rose
to a higher level in 1922 and was consistently between 1 and 2 million pounds through
the period, 1922-1929. The average catch for the 8 years was 1,439,000 pounds, prac-
tically the same as that for 1889 and 1891-1896.

In 1930, the whitefish fishery entered a period of chaotic change. The production
of 2,879,000 pounds in this year was nearly double that of 1929 and was greater than
that of any previous year. A further increase carried the yield of whitefish to an
all-time high of 4,140,000 pounds in 1931. The 1932 output (4,050,000 pounds) was
only a little below the record cateh. TIn the years following 1932, whitefish produetion
declined rapidly. This deecline culminated in a 1939 yield of only 255,000 pounds, less
than half the lowest production recorded for any previous vear (555,000 in 1900).
Detailed treatment of the violent fluctuations in the eateh of whitefish in the State of
Michigan waters of Lake Huron over the period, 1930-1939, is given on pp. 317-333.
There evidenee is presented that the high production in the earlier years of the period
was made possible in large measure by the use of deep trap nets, and that this excessive
yvield in turn brought about a depletion of the stoek that was responsible for the great
severity of the subsequent decline.

The history of production of whitefish in the State of Michigan waters of Lake
Huron may be summarized as follows. An early period of relatively high but decreasing
vield (1889-1896) was followed by a long period (1897-1921) over which the cateh was
fairly stable at a rather low level. Production was stable in the years, 1922-1929, also,
but the level of the take was considerably higher than that of the period, 1897-1921.
The most recent period of the fishery (1930-1939) was one of violent fluctuations.
Production rose suddenly to an all-time peak in 1931 of more than 4 million pounds
only to decline to an all-time low in 1939 of 14 million pounds. The normal annual take
may be estimated as 1,114,000 pounds, the average cateh per vear for the period, 1889-
1929.

The early yield of whitefish was high in the Ontario waters of Lake Huron proper:”
the average was 759,000 pounds for the 7 vears, 1879-1885. The annual cateh varied
erratically but averaged much lower (283,000 pounds) in the period, 1886-1898. The
vear 1899 was the first in a long period of low production. With the exception of 1908
and 1909, for which years the aceuraey of the statisties is open to question (appendix
A}, the take of whitefish did not exeeed 100,000 pounds at any tine in the years, 1899-
1922 (average, 57,000 pounds). These vears of low output nearly eoincided with a
similar period in Michigan (1897-1921). The increase to a higher level of production
in 1923 in Ontario resembles the increase that oecurred in the State of Michigan waters
of the lake a year earlier, in 1922. The significance of the increase in 1923 is made
questionable by the fact that additional waters were included under Huron proper in
1922 and later years (sce footnote 7). Tt should be pointed out, however, that this
extension of Huron proper was not accompanied by an increase in the recorded catch in
1922. Furthermore, comparisons may be made among the years, 1922-1939. Within
this period the yield increased irregularly through 1935 and thereafter dropped rapidly.
The take exceeded 300,000 pounds in each of the vears, 1933-1935. The relatively high
vields of these years were still eonsiderably less than those of the early period (1879-
1886) even though the recent figures covered more territory. Although production
declined in the Ontario waters of Lake Huron proper after 1935, it was still above
100,000 pounds in 1939,

The eateh of whitefish in Georgian Bay® increased from an average of 1,622,000
pounds per year in 1879-1886 to an average of 4,267,000 pounds in 1887-1894. The
decrease that began toward the close of the latter period brought the production of
whitefish in 1895 approximately to the level about which the yield fluctuated during
the 45 vears, 1895-1939. The relative stability of the take in 1895-1939 is brought out
by the fact that production exceeded 2 million pounds only once (1904) and fell below
'*1 7 Production listed in table 1 under this heading for the vears, 1879-1921, is for the shore of Lake Huron from Cape Hurd at the tip of the

Saugeen Peninsula to the extreme southern end of the lake. Beginning in 1922, however, more northerly localities (islands of the open lake acd the
westerly shore of Maaitoulin Island) were included in “Huron proper.”

8 Production listed in table 1 under this heading includes the eatches from the eatire North Chacoel and Manitoutia Island regions except in 1922
and later years. (See footnote 7.)
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one million pounds only 5 times (1897, 1898, 1905, 1909, and 1912) during the 45 years.
The average annual production of 1895-1939 was 1,333,000 pounds. This average
may be aecepted as an estimate of normal production in Georgian Bay. The relatively
good yields of 1933-1935 suggest an increase comparable (but less pronounced) to that
which took place in the same years in the Ontario waters of Lake Huron proper. Again
it may be observed that the change in the territory covered by the statistics collected
after 1921 showed no effeet on the figures of yield. ]

It may be noted here that the periods of deeline and of inerease in the produetion
of whitefish in the Michigan waters were followed a year or two later by similar periods
in the Ontario waters of Lake Huron. This eorrespondence suggests that the annual
fluetuations in ecological econditions on the two sides of the lake may be similar. The
changes in take in the Georgian Bay waters, however, showed no similarity with those
in Lake Huron proper.

The totals for the entire lake indicate that the earlier years of the fishery were the
years of the heaviest yields. Especially noteworthy was the high produetion in the
period, 1889-1894, when the average annual eateh was 6,295,000 pounds.” Subscquent
to 1894 the production of whitefish was relatively stable over a long period. The catel
rose above 3 million pounds only once (1916) in the period, 1895-1925,"° and dropped
below 2 million pounds only 5 times (1897, 1898, 1905, 1912, and 1913). The average
production in this period (with the catch for 1908 omitted) was 2,351,000 pounds, which
vield may be accepted as the normal for the entire lake. Good catches in both Cana-
dian and United States waters made possible vields that were eonsistently above 3
million pounds in the years, 1926-1929 (average, 3,298,000 pounds). It was in the
period, 1930-1934, however, that the production of the modern fishery reached its greatest
heights. The take was greater than 4 million pounds in all 5 years and excceded 5
million pounds in 3 years. The average was 5,087,000 pounds. The most recent of
the carhier vears with ecomparable production was 1893. It is to be noted that Canadian
waters were largely responsible for the high production of the early years (1893 and
earlier), whereas in 1930-1934 United States wuaters accounted for the bulk of the
cateh. In fact, the Canadian production exceeded that of the United States in every
year exeept 1914, 1922, 1926, and the years, 1930-1934. By reason of a continuous
deerease in produetion the average yield for 1935-1939 was only 2,645,000 pounds. The
cateh of 1,645,000 pounds in 1939 was the lowest for whieh there is a record. The sinall
vield in that year can be attributed in large measure to the collapse of the fishery in
United States waters.

LAKE MICHIGAN .

The first aceeptable records of the production of whitefish in Lake Michigan
(table 1), as in the United States waters of Lake Huron, begin with the year 1889.
(The 1890 record for the State of Michigan ineludes speeies other than whitefish.)!
Attention will be given first to the produetion in the State of Michigan waters, the
area with which the present report is most concerned. It is true also that the data
are more eomplete for the State of Miechigan waters than for other regions of the lake
and that the production in these waters dominates the catech in the entire lake.

The produetion of whitefish in the State of Michigan waters of Lake Miehigan
was between 2 and 3 million pounds in 10 of the 19 years, 1889 and 1891-1908.
(See fig. 3.) The catch was less than 2 million pounds in 6 years (less than 1%
million pounds in the 3 years, 1894-1896) and was mmore than 3 million pounds in only
3 years (1889, 1907, and 1908). The 1889 vield of 5,005,000 pounds was the highest
for which there is a dependable record. The average for the period was 2,370,000
pounds. Produetion tended to decrease in the earlier span of vears but to inerease in
the later part of the period.

9 It is nnlikely that the inclusion of the catch of pilots in the production figures of whitefish in State of Michigan waters in 1890 affected this
average materially.

19 No data for 1909-1911; the produotion of 3,060,000 pounds in 1908 may he discounted becanse of the questionable acenracy of the data for
the Ontario waters of Huron proper in that year (p. 381).

1 See appendix A for a discussion of the defe-ts in the statistics for 1879 and 1885 and for the State of Michigan waters in 1890 aud appendix D
for the 1940-1942 records.
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Tieure 3.—Commercial productioo of whitefish in Lake Michigan, 1890-1939. Short dashes, State of Wisconsin waters; loog dashes, State of
Michigan waters; solid line, entire lake.

The general level of the yield was lower over the period, 1911-1926, than in 1889
and 1891-1908; the 1911-1926 average was only 1,361,000 pounds. The catch was
between 1 and 14 million pounds in 10 of the 16 years. Four years (1916, 1917,
1918, and 1926) had productions of more than 114 million pounds (more than 2 mil-
lion pounds in 1917 and 1918) and two years (1920 and 1921) had yields of less than
a million pounds.

An increase in production that got under way as early as 1924 and proceeded
slowly in the years, 1924-1926, became sufficiently rapid in 1927 to raise the cateh
above 2 million pounds. The catch continued to increase rapidly until a maximum
of 4,813,000 pounds was reached in 1930. The subsequent decline did not carry
the take of whitefish below 2 million pounds until 1934. The average yield for the
7 years, 1927-1933, was 3,386,000 pounds. This average was greater than the largest
yield reported for any single year earlier than 1929 with the exception of 1889 and
possibly of some other years prior to 1891—years for which accurate statistics are
lacking.

The average production of whitefish in the most reeent period, 1934-1939, was
1,191,000 pounds. The yield exceeded 114 million pounds in only one year (1934),
and in two vears (1936 and 1939) it was not far above the lowest catch recorded for
any previous year (806,000 pounds in 1920).

The history of the production of whitefish in the State of Michigan waters of
Lake Michigan may be summarized as follows. The eateh fluctuated about a level of
somewhat more than 214 million pounds during the earliest period (1889 and 1891-
1908) for which reliable statisties are- available; the annual yields tended to be below
average and to decrease in the earlier yvears and to be above average and to inerease
in the later years of this period. The level of produetion was relatively low in the
vears, 1911-1926, with the catch exceeding 1!4 million pounds in only 4 of the 16
years. The grand average of 1,909,000 pounds covering both periods (1889-1926) may
perhaps be accepted as the normal yield in these Michigan waters. The years, 1927-
1939, constituted a period of wide fluetuations in production that resembled the varia-
tions that took place in the State of Michigan waters of Lake Huron at about the
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same time (1930-1939). Further considerations of these more recent fluetuations
will be found in the next section.

The take of whitefish was relatively high in the Wisconsin waters of Lake Mich-
igan'? in most of the earlier years for which reeords are available. The catch aver-
aged 181,000 pounds for the years, 1889-1897, and was less than 300,000 pounds in
only 1 of 8 years (1890). The yield of 886,000 pounds in 1897 was the highest for
whieh there is a record. (The statistics for 1885 include species other than white-
fish.)

Statistics of the production of whitefish in the Wisconsin waters of Lake Mich-
igan are available for only 2 of the 10 years, 1898-1907. The catches of both 1899
and 1903 were a little above 100,000 pounds and at approximately the level of produc-
tion for 1908-1917. The average annual take for 12 yvears within the 20-year period.
1898-1917 was 116,000 pounds. In these 12 vears the production exceeded 150,000
pounds only once (1912) and was less than 100,000 pounds twice (1910 and 1914).

An inerease oceurred in 1918 in the general level of production. The average
cateh of the 8 years, 1918-1925, was 256,000 pounds. Production within the period
was variable and ranged from 131,000 pounds in 1920 to 443,000 pounds in 1923.

The vear 1926 was the first in an 8-yvear period during whieh the output of
whitefish in the Wisconsin waters of Lake Michigan did not fall below 300,000 pounds.
The average 1926-1933 yield was 508,000 pounds, the maximum of 842,000 pounds in
1931 constituting the highest production since 1897. The increased eateh in Wisconsin
waters of Lake Michigan in 1926-1933 corresponds to the high production in the State
of Michigan waters of Lakes Michigan and Huron in approximately the same gen-
eral period.

The peak Wisconsin yield of 1931 was followed by a rapid if irregular decrease.
The average annual production of the most reeent 6-year period, 1934-1939, was
171,000 pounds. The cateh of 111,000 pounds in 1939 was the lowest since 1916.
Production was below the 1939 level in only 3 years (1910, 1914, and 1916) of the
42 vears for which there are records in the period. 1889-1939. Probably the best esti-
mate of the normal take of whitefish for these Wisconsin waters is the grand average
for all years (1889-1939), namely, 295,000 pounds.

Despite defects (inelusion of the eatches of blackfins, longjaws, and Menominee
whitefish) in the whitefish statisties for the whole of Lake Michigan in 1879 and
1885 (in 1890 a separation of the eatehes of whitefish and of blackfins, longjaws, and
pilots was possible for the entire lake but not for Miehigan waters; Wisconsin data
were taken from State sources) the data provide evidence, nevertheless, that the level
of production of whitefish in the earlier years was considerably higher than in later
vears. The only information on the extent to which the whitefish statisties for
Lake Miehigan may have been distorted by the inclusion of the cateches of blackfins,
longjaws, and Menominee whitefish is provided by the data for 1890. In that year,
aceording to the Report of the United States Commissioner of Fisheries, the eateh of
these three species made up 1,398,238 pounds of the reported whitefish take of
5,455,079 pounds in’ the entire lake. (Data were not given on the production of the
speeies named, in the waters of the individual States.) The cateh of whitefish alone
(4,056,841 pounds), therefore, made up 74.4 pereent of the combined output of white-
fish, blackfins, longjaws, and Menominee whitefish.

If it is assumed that whitefish made up the same pereentage of the reported
cateh in Lake Michigan in 1879 and 1885 as in 1890, -the following estimates of
produetion in these vears are obtained: 1879, 8.951,000 pounds; 1885, 6,438,000 pounds.
To be sure, the use of the percentage derived from statistical data for 1890 for the
estimation of the catch of whitefish in carlier vears is open to severe criticism.
Undoubtedly, the relative abundance of whitefish and of blackfins, longjaws, and
Menominee whitefish in the eatch varied from vear to vear. Nevertheless, the pre-
ceding estiinates, inexaet as they may be, together with records for 1889 and 1890
provide strong evidence in support of the belief that production of whitefish in the

12 For a discussion of Wisconsin’s whitefish production in Green Bay and Lake Michigan proper separately, see appendix C.
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earlier years of the fishery was greater than in 1891 and subsequent years. The
normal annual output of these earlier years most probably excceded 5 million pounds.

The description of the fluctuations in the production of whitefish in the entire
lake before 1911 is made difficult by the lack of complete information in a number of
vears.’® Records of the total yield are available for only 11 years of the period, 1889-
1910. These catches exhibited considerable vaviation. The production was less than
2 million pounds in 3 years (1894, 1895, and 1899), ranged between 2 and 3 million
pounds in 4 years (1892, 1893, 1896, and 1903}, fell between 3 and 4 million pounds
in 2 years (1897 and 1908), and exceeded 4 million pounds in 1889 and 1890, the
earliest years of the period. The average for the 11 years was 2,813,000 pounds.

The level of whitefish production for the entire lake was considerably lower in
the years, 1911-1926. The catch was greater than 2 million pounds in only 2 years
(1917 and 1918) of the 16, and in 10 yvears production was below 114 million pounds.
The 16-year average was 1,566,000 pounds.

Improved catches in both Wisconsin and Michigan waters were responsible for an
uninterrupted period of 8 vears, 1927-1934, in which the total cateh of whitefish in
Lake Michigan did not fall below 2 million pounds. The production was more than
3 million pounds in 5 of these years (1928-1932), was above 4 million pounds in 3
vears (1929-1931), and exceeded 5 million pounds in 1930. The average for the 8-year
period was 3,717,000 pounds. The production in cach of the 3 years, 1929-1931, was
greater than that recorded for any year of the period, 1890-1928, although a higher
vield was recorded for 1889 and there is evidenee that the cateh of whitefish in certain
vears prior to 1889 may have been cven greater.

The average annual production of whitefish in Lake Michigan in the most recent
5-year period, 1935-1939, was 1,201,000 pounds. The catches in 1936, 1937, and 1939
were all below the smallest yield recorded for any year prior to 1936 except 1920; the
1939 record provides the second report of a total whitefish catch in Lake Michigan of
less than a million pounds.

The grand average of 2,074,000 pounds for the years, 1889-1926, may perhaps
be accepted as the normal yield of whitefish for the cntire lake.

RECENT LARGE INCREASE IN THE PRODUCTION OF WHITEFISH
IN GREAT LAKES WATERS

The preceding pages were devoted exclusively to a deseription of fluctuations in the
production of whitefish in the various waters of Lakes Huron and Michigan. A dis-
cussion of these fluctuations in terms of variations in the abundance of whitefish has
been avoided deliberately because of the many disturbing factors that render such in-
terpretations exceedingly unreliable. ‘

A fundamental difficulty in the use of the statistical data of the type given in
table 1 for estimations of fluctuations in the abundance of fish lies in the lack of
adequate information on the intensity of the fishery. It is known that in general
the fishing intensity of the early fishery was far less than that of the modern fishery—
that with the passage of the years the number of men and boats engaged in commer-
cial operations increased greatly. It is known too that certain technical develop-
ments such as the invention of power lifters, improvements in the efficiency of nets,
and the construction of faster and more cheaply operated craft, permitted an expan-
sion of fishing aetivity out of proportion to the mere increase in men and boats.
Becausc of the known increase in fishing intensity a given annual cateh in the earlier
vears of the fishery may be held to indicate a greater abundance of fish than an
equally large production a number of wears later.

Changes in fishery regulations also may affect production significantly. Increases
or decreascs in the minimum legal mesh size, the imposition of a closed scason, the
cstablishment or abandonment of a fishery for spawn, the closure of grounds or the
restriction of operations in certain areas, changes in the size limit of fish—all thesc

1 Totals were omitted for all years in which records ware lacking for either the State of Michigan or the State of Wisconsin waters. Certain of

the totals listed for Lake Michigan in tahle 1 do not include the production in lllinois and Indiana waters, but the omission of these catches most
probahly had little effect on the values of the totals. (See appendix A.)
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and other changes in fishery regulations can have a profound if undeterminable effect
on total yields.

Production may vary according to general cconomic conditions. In periods of
depression low prices may render operations unprofitable and thus bring about a
curtailment of fishing activities. On the other hand, an economic depression has
been obscrved in at least one industrial district to have the reverse effect of stimulat-
ing fishing intensity. Here numbers of unemployed turned to small-scale fishing as
an cmergency source of income—meager, to be sure, but preferable to none at all.

Other factors, such as weather conditions, might be listed which cause fluctuations
in production that are independent of the level of abundance of the stock. However,
those mentioned are sufficient to bring out the difficultics inherent in the use of catch
statistics for the estimation of changes in the abundance of fish, particularly over
long periods of time.

Despite the limitations just outlined, there i= good reason to believe that under
normal conditions (without disruption in the methods or regulations of the fishery).
over limited arcas, and for short perieds of years, large increases or decreases of
production may serve as reliable indicators of inereases or decreases in the abundance
of fish on the grounds. The changes in annual yields do not measure the change-
in abundance, hut merely indicate their occurrcnee. This view concerning the general
relationship between the production and abundance of fish has grown from the care-
ful examination of records that have been maiutained, beginning in 1929, of the
annual fluctuations in the cateh and abundance of fish on the grounds and in the
intensity of the fishery for all commercially important species in 21 fishing areas of
the State of Michigan waters of the Great ILakes.

Ordinarily fluctuations in production excecd those in abundance; that is, the
increases in the catch tend to be relatively greater than the increases in abundance
when the latter rises above the average, and conversely, the decreases in the yields
tend to be greater than the decreases in abundance when the latter falls below the
average. As a result the curves of production often are “exaggerations” of the curves
of abundance. This general relationship between abundance and catch has its origin
in the circumstance that fishing intensity tends to be above average when abundance
is above average and below when ahundance is below. Of course, exceptions occur
in the relationships outlined above but tlicse cxceptions do not affect the general
validity of the statements.!4

Among the increases in production that =afely may be held to reflect (but not
measure) a greater abundance of fish on the grounds are those that occurred in the
catch of whitefish in Great Lakes waters near the beginning of the 1930’s. Although
the actual years of high vields varied somewhat in the different waters, an increase
occurred in every important center of production. The increase in the catch was rela-
tively greater in the State of Michigan waters of LLake Huron than in other arcas.

The extent to which the recent increase in production was relatively greater in
the State of Michigan waters of Lake Huron than in other areas may be brought out
by ecomparisons of the take in the 2 or 3 recent years of greatest yield with the
average catch over a period of earlier years. The gverage production in the peak
vears, 1931 and 1932, was 3.67 times the average for the vears 1889 and 1891-1929.
This value is considerably higher than the ratios for other areas as the following
tabnlation shows:

Years of Years of Ratio of
Area early receut recent to early

period period production
Huron (State of Michigan)_ . . ... . _ ., .... 1889, 1891-1929 1931-1932 3.67
Huron (Proviace of Ontario-Huron proper) .. . . 1893-1932 1933-1935 2.86
Huron (Province of Ontario-Georgian Bay, North Channel - 1895-1932 1933-1935 1.26
Michigan (State of Michigan).. ... . . ____________ - 1889, 1891-1926 1929-1930 2.38
Michigan (State of Wisconsin)_ ____._ _ 1889-1927 1929-1931 2.58
Superior (State of Michigan).._. - 1911-1930 1931-1933 1.97
Erie (entirelake). ._.._..._ ... SN _ S 1921-1927 1929-1931 1.68

1 See part 11 for a di ion of the relationships among the fluctuations in the production and abundance of whitefish aud in the intensity of

the whitefish fishery in Lakes Huroo and Michigan.
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Although the selections of the periods for the preceding comparisons, based on the
examination of the statistical data, were to a certain extent arbitrary, reasonable
changes in the years included in these periods would not affect the validity of the
general conclusion that the increase in the production of whitefish was greater in
the State of Michigan waters of Lake Huron than in other Great Lakes areas.

Despite the known risks involved in the estimation of changes in abundance from
changes in production, the ratios of the preceding paragraph would suggest the possi-
bility that the recent increase in the abundance of whitefish may have been somewhat
higher in the Michigan waters of Lake Huron than in other Great Lakes areas.
Information from other sources, however, proves that such an assumption would be
utterly invalid. The higher production in the Michigan waters of Lake Huron (as
compared to other waters) was made possible by the introduction of a new and marvel-
ously efficient gear, the deep trap net. The use of this net made possible a tremen-
dous increase in fishing intensity. No doubt an inerease in catch swould have
taken place without the use of deep trap nets; however, it was deep-trap-net opera-
tions that accounted for the relatively greater heights of production attained in the
Michigan waters of Lake Huron.

The description of the annual fluctuations in the yields and abundance of white-
fish and in the intensity of the whitefish fishery in the Michigan waters of Lakes Huron
and Michigan, 1929-1939, presented in part II, is concerned largely with the effects
of deep-trap-net operations on the fishery. It is shown that the widespread use of
deep trap nets in Lake Huron (the gear was fished much less extensively in Lake
Michigan) led to a multiplication of fishing intensity that raised production far beyvond
a reasonable level and was responsible for the subsequent collapse of the fishery.



PART I1

FLUCTUATIONS IN THE PRODUCTION AND ABUNDANCE OF WHITEFISH
AND IN THE INTENSITY OF THE WHITEFISH FISHERY IN THE STATE
OF MICHIGAN WATERS OF LAKES HURON AND
MICHIGAN, 1929-1939

INTRODUCTION

In the proper administration of commereial fisheries it is of primary importance
to have at hand statistical data that afford a reliable indication of changes in the
abundance of the commercially available stocks of the leading species. These data
must include a record not only of the quantity of fish taken, but also of the extent of
the fishing operations that led to the reported catch. Obviously, a decrease in pro-
duction cannot be held with certainty to represent a depletion of the stock unless it
can be demonstrated that this lowered vield has not resulted from a reduction of
fishing intensity. On the other hand, an increase in catch with its suggested danger
of possible overfishing may not be the result of an expansion of fishing activities but
may originate in an increase in the abundance of fish on the grounds. Nor can it be
said that a sustained production over a period of years demonstrates a corresponding
stability of abundance, for abundance may deeline or inerease greatly while compen-
sating fluetuations of fishing intensity hold the total eatch at a nearly constant level.
The true condition of the fisheries, therefore, cannot be measured aecurately by statis-
tics of cateh alone, but should be expressed in terms of production in relation to fishing
intensity, that is, cateh per unit of fishing effort. ;

It wag with a view toward obtaining complete and reliable information on the
fisheries of the Great Lakes waters under the jurisdiction of the State of Michigan that
the senior author devised and recommended to the Michigan Department of Conservation
the monthly report system now in effect. Under this system all licensed commercial
fishermen must submit each month a complete record of their daily fishing activities.
The required data on each day’s fishing include: fishing locality; kind and amount of
gear fished; the length of time (number of night< out) stationary gear fished before
it was lifted; and the cateh in pounds of ecach species taken. From these data it is
possible to determine both the yield and the intensity of the fishery.

The law requiring the submission of monthly reports became effective in September
1927. The early returns were incomplete and the individual reports were often faulty.
By the beginning of 1929, however, the fishermen had obtained sufficient experience in
making out their reports so that almost all returns contained the complete data neces-
sary for statistical analysis. These records for the 11-year period, 1929-1939, comprise
the basic materials on which part Il of this paper is founded.

METHODS OF ANALYSIS

Methods proposed for the analysis of Great Lakes fishery statisties were deseribed
by Hile and Duden (1933).1* 1In general, the procedure outlined in this publication has
proved satisfactory, although subsequent experience has shown certain simplifications
of the original methods to be valid. (See discussion under “Units of Fishing Effort” in
this section.) As an addition to the original procedure, methods have been devised for
a more precisc statement of changes in abundance and fishing intensity.

STATISTICAL DISTRICTS

Statistical tabulations and analyses have been made separately for six areas in
Lake Huron and eight in Lake Michigan. (The boundaries of the different districts
are indicated in the accompanying chart, fig. 4.) It was attempted to make these dis-

15 Hile, Ralph and William R. Duden. Methods for the lovestigation of the Statistics of the Commercial Fisheries of the Great Lakes. Trans.
Am. Fish. Soc., vol. 63, 1933, pp. 292-305.
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Froure 4.—Map showing the statistical districts of the State of Michigan waters of Lakes Huron and Michigan.

triets natural divisions from the standpoint of both fishing grounds and fishing opera-
tions.'® For some purposes the data for the separate districts have been combined to
provide more general information for different regions of the lakes and for the entire
lakes. For convenience, the districts will be designated in later discussions by the
initial letter of the lake and the number of the district. For example, the third district
of Lake Huron will be termed H-3, the fifth district of Lake Michigan, M-5***.

PRODUCTION

The production was tabulated according to gear for each month. The only im-
portant gears used for the taking of whitefish are the large-mesh gill net (4% inches
or larger, stretched measure), the deep trap net, and the pound net. The discussion in
this paper will be concerned chiefly with annual totals of the catch of the different gears
and of all of them combined. Data on monthly yields will be confined to the discussion

16 Hile and Duden (lac. cit.) stated that Lake Michigan had baen divided into 11 statjsticv.\l districts. Experience revealed, however, that certain

of the original tentative divisions were not practical. Changes of boundaries and combinations of areas have reduced the number of statistical dis-
tricts in Lake Michigan ta eight. The six statistical districts of Lake Huron all proved satisfactory as originally defined.
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of the effeets of the deep trap net on the seasonal trend of produetion in Lake Huron
(p. 332).

UNITS OF FISHING EFFORT

The units of fishing effort employed in this paper are:

Gill nets.—The lift of 10,000 linear feet of net (10,000 foot-lifts).1?
Impounding nets (deep trap nets and pound nets)—The lift of one net (1 net-
lift). -

Fishing effort may be expressed as total effort and as effective effort (with respect
to a given species). In large-mesh gill nets, for example, the total effort for a given
area over a certain interval of time is the total number of units of 1,000 feet (see foot-
note 17) of net lifted. The effective effort with respeet to whitefish is the number of
units of gill net lifted that aetually took this species. Corresponding definitions of
total and effective cffort apply to the pound net. A distinetion between total and
effective effort is necessary because both large-mesh gill nets and pound nets are fished
for other species on grounds where whitefish do not occur. In the deep trap net, which
was designed and operated primarily for the capture of whitefish, the total fishing
effort and the effective effort with respect to this speeies may be considered identical.
All tabulations of cateh per lift in this paper are based on effective fishing effort.

In addition to the above “units of effort,” the methods proposed by Hile and Duden
defined “units of intensity” which included a consideration of fishing time (nights out).
The intensity unit for gill nets was defined as the fishing effort of 1,000 feet of gill net
over a period of one day, and for impounding nets as the fishing effort of one net over
a period of one day. The basis for these definitions of intensity units was the assump-
tion that the amount of fishing done by stationary gear varies directly swith the time
out. This assumption holds, for example, that a net whieh is out three nights may be
expeeted to take three times as many fish as the same net in one night.

Subsequent detailed analyses of hundreds of fisherinen’s reports made by Hile and
deseribed briefly by him in 1935'® and by Van Oosten (1935)1° have proved this pre-
liminary assumption to be erroneous. Although the eatelies of both gill nets and im-
pounding nets, on the average, become larger with inerease in fishing time, the improve-
ment in the catch is far less than might be expected on theoretical grounds. A summary
of the data on the aetual relationship between fishing time and the average size of the
lift in the gears most important in the whitefish fishery appears in table 2. In this
table all catches are expressed as percentages of the cateh of nets one night out.
Although the data for the three gears disagree somewhat as to the relationship between
the actual size of the eatch and the number of nights out, these small diserepancies lose
significanee in the face of the large deviations that all the actual catehes show with
respect to the theoretical catches. For example, the largest inerease in nets 2 nights out
over nets 1 night out (pound nets) was only 16 percent of the expeeted inerement of
100. Similarly, the largest inerease in the cateh of nets 5 nights out over 1 night out
(54 in pound nets) was only 13.5 percent of the expeeted inerement of 400. It is obvi-
ous, therefore, that only small inecreases in the cateh ean be expected as the time between
lifts is increased. Consequently, the use of the cateh per net per night as a measure
of abundance is not valid. The strietly valid unit for the measure of abundance i~
neither the cateh per lift nor the cateh per night, but is rather the catch per lift, cor-
reeted for fishing time (from empirieal data of the type contained in table 2).

The necessity for eonsidering fishing time in the computation of annual fluetua-
tions in abundance depends, of course, on the cxistenee of annual variations in the
average number of nights out. Annual variations in fishing time oecur in all areas and
for all stationary gears, but for a single area and a single type of gear these variations
have a limited and characteristic range. The limited range of variation in the average
number of nights out, together with the fact that a change in fishing time affects the

1 The unit of effort was defined originally as the lift of 1,000 fect of gill nets. In the present study, however, the cateh of gill nets has been
recorded in terms of the vield per 10,000 foot-lifts (tables 11 and 17) in order to obtain values more nearly comparable with the catch per unit of
effort of pound nets and deep trap nets.

18 Tbe Fisherman, vol. 4, no. 12, pp. 1 and 2, 1935.

¥ Van Qosten, John. Logieally Justified Deductions Concerning the Great Lakes Fisheries Exploded by Scientific Research. Trans. Am.
Fish. Sac., vol. 65, 1935, pp. 71-75. :
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TABLE 2.—Relationship between fishing time and the average size of the lift

[T [Io order that the data for the differeat gears may be comparable, the catch per lift at one aight ont is set at 100 and all other catches

J expressed as perceatages of this value. 1n parentheses, the number of fishermen's reports npon which determination was based]
Nuomber of aights ont
Item
1 2 3 4 5

Theoretical eateh . ____._ 100 200 300 400 500
Large-mesh gill nets 100 111 120 133 150

(304) (430) (1403) (278)

Actunaleateh.____________________________ Deep trap nets_____ 100 115 116 128 1126
(157) (228) (272) (197)

{Pound nets________ 100 116 138 141 154

@53 | 48 (306) am

1Less than preceding catch.

size of the cateh only slightly, suggested the possibility that abundance curves calculated
from the average catch per lift without refercnce to time might differ only slightly from
curves calculated from the average catch per lift, corrected for time. To test this possi-
bility a series of abundance curves for the period, 1929-1934, was computed by each of
the two methods, covering all types of stationary gear and a variety of species and fish-
ing areas. For each gear particular care was taken to select the statistical district with
the widest annual variation in the average fishing time. Despite this selection, in each
example the two curves resembled each other so closely that the same conclusions con-
cerning the annual changes in abundance would have been drawn from either of them.
As the neglect of the time element does not affect the results materially, all computa-
tions of abundance have been based on the cateh per lift, without reference to time.

ESTIMATION OF ABUNDANCE AND FISHING INTENSITY

The method employed for the estimation of the abundance of species of fish in the
State of Michigan waters of the Great Lakes in different calendar years was outlined
by Hile (1937).2° The definition of fishing intensity was given by Hile and Jobes
(1941).2 The steps in the determination of the general abundance of a species within
a fishing area (statistical distriet) in a particular calendar year are:

(1) The “expected catch” of each important gear is determined as the product of
known fishing intensity (number of impounding nets or thousands of feet of gill nets,
that took the species, lifted within the district during the entire 12 months) and the
average catch of that species per unit of fishing effort over a period of years.

(2) The expected catches as determined individually for the important gears are
added to obtain the “total expected catch.”

(3) The “general abundance” is the actual catch of the mmportant gears expressed
as a percentage of the total expected catch of the same gears.

As the average catch per unit of effort is constant in all of the computations of
expected catch for a single type of gear, annual fluctuations in the expected catch by
each gear and hence for all gears combined depend only on the amount of gear lifted.
Consequently, the total expected catch of any single vear, expressed as a percentage of
the average total expected cateh over a period of years, provides a measure of the relative
intensity of the fishery in that particular year.

The above procedures make it possible to combine the data for all gears important
for the capture of a particular species in such a way as to obtain estimates of the “gen-
eral” abundance and of the total fishing intensity.

Originally all estimates of abundance and fishing intensity were made with reference
to average conditions over the 6-vear period, 1929-1934. Later, the percentages were
adjusted to describe deviations about the mean for the 11 years, 1929-1939.

20 Hile, Ralph. The Inereasein the Abundance of the Yellow Pike-Perch, Stizostedion vitreum (Mitchill), in Lakes Huron and Michigaa, in Rela-
tion to the Artificial Propagation of the Species. Trans. Am. Fish. Soc., vol. 66, (1936) 1937, pp. 143-159.

21 Hile, Ralph and Frank W. Jobes. Age, Growth, and Production of the Yellow Perch, Perca flarescens (Mitchill), of Saginaw Bay. Trans-
Am. Fish. Soc., vel. 70, (1940) 1941, pp. 102-122,
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GENERAL REMARKS

It does not come within the province of this paper to undertake a detailed criticism
of the statistical methods employed here, to discuss at length possible sources of system-
atic errors, to attempt to estimate the degree of reliability of certain necessary approx-
imations, or to explain the basis for the selection of methods followed over possible
alternative procedures. It can be said only that the methods employed for the analysis
of the statisties of the commercial fisheries of the Great Lakes have been developed
gradually from a careful study of extensive data covering all the commercially more
important species over a period of years and in a large number of different localities.
These methods have been adapted specifically to conditions in the Great Lakes. An out-
standing feature of the Great Lakes fisheries is that most species are taken in quantity
by several types of gear and that most types of gear take several species (usually simul-
taneously). These circumstances add greatly to the complexity of the problem of
analysis.

No claims are advanced for the indexes of abundance and fishing intensity as
“precision measures” of the changes that occurred in the fishery. On the other hand, we
believe them to be sufficiently sensitive to bring out all changes of significant magnitude.
This belief is supported by the consistency with which conclusions based entirely on our
statistical data have been corroborated by reliable evidence gained independently from
other sources (interviews with fishermen; observations of field workers).

Although, as stated previously, a general criticism of our methods of analysis will
not be undertaken, it does appear desirable to eall attention to certain difficulties of in-
terpretation peculiar to the statistics of the whitefish fishery.

It is indced unfortunate that the statistical data on the commercial fishery for
whitefish are less satisfactory than those for any other important commercial species.
The invention and rapid expansion in the use of that tremendously efficient gear, the
decp trap net, brought about, particularly in Lake Huron, an almost immediate threat
of depletion or commercial extinction to the whitefish stocks of the arcas in which the
net was fished. In this critical situation the need for dependable statistical measures
of abundance was most pressing. However, the very eircumstances that made the nced
for adequate statistical data so urgent also made the interpretation of these data difficult.
The chief obstacles to appraising the statistical data on the whitefish over the period,
1929-1939, are: lack of information concerning normal conditions, inaccurate data on
the deep-trap-net fishery, and the difficulty of bridging the transition to a fishery domi-
nated by this gear.

As stated earlier (p. 314), in the statistical study of the important commercial
species in the State of Michigan waters of the Great Lakes, the average conditions of
production, abundance, and fishing intensity during the 6-year period, 1929-1934, were
employed tentatively as the point of reference for the study of fluctuations. The
fisheries for most species appeared to be approximately normal (with reference to
modern conditions) during this period; consequently the 6-vear averages may be ex-
peeted to provide a fairly reliable basis for estimating chianges in the condition of the
fisheries, not only in that period but in subsequent vears as well.

The whitefish fishery, however, was not normal in the years, 1929-1934, nor can
the average conditions in the longer period, 1929-1939, he held to provide a satisfactory
noint of reference. It is recognized generally that whitefish were abnormally abundant
at the heginning of these periods. The peak of abundance probably was reached in
Lake Michigan in 1929 and in Lake Huron a year or so later. The high abundance in
turn stimulated fishing intensity. As a result, production, abundance, and fishing in-
tensity were all doubtless far above normal in the earlier years of the period for which
detailed statisties are available. Tt should then be kept in mind throughout the discus-
sion of the following seetions that all fluctuations are described with reference to aver-
aces the relationship of whieh to the normal is not known.

The interpretation of the Lake Huron data is made even more difficult bv the
disturhing effects of the use of the deep trap net. This gear, which became the domi-
nant one for the capture of whitefish as early as 1931, raised production to excessive
heights and disrupted completelv the ordinary course of return to normal conditions.
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The fact that in all districts but H-2 the deep trap net was not fished through-
out the entire “period of reference” (1929-1934) introduced certain difficulties into the
estimation of abundance. For example, the deep trap net was operated in H-1 during
only 5 years (1930-1934) of this 6-year period. The average catch of whitefish per
lift of deep trap nets in the years, 1930-1934, was 111.08 pounds. However, the data
for large-mesh gill nets and pound nets indicated that the 1930-1934 abundance aver-
aged only 99.12 percent of the 1929-1934 mean. Consequently, the average catch per
lift of deep trap nets would have been higher had the gear been fished in 1929 also. 1t
was necessary, therefore, to base the computations of the expected cateh (p. 314) of deep
trap nets on the “corrected” catch per lift, 111.08/0.9912=112.07 pounds.

Although this method of “correcting” the average catch per lift of deep trap nets
(In some districts the data for pound nets had to be treated similarly) is sound logically,
the actual reliability of the results 1s open to question in some districts in which the rise
of the deep-trap-net fishery was accompanied by the practical extinction of the gill-net
and pound-net fisheries (for whitefish). The correction was based, for example, on the
data for only 3 vears in H-3 and H-5 and for 2 vears in H-6. The difficulties involved
in following annual changes in abundance in areas in which the deep trap net replaced
other types of gears completely or nearly completely will be mentioned again on page 328.

The deep trap net was important also in Green Bay and northern Lake Michigan,
but the disturbance of the fishery was not as severe as in Lake Huron.

Although the greatest need for dependable statistical data existed with respect to
those districts in which the deep trap net became almost the only gear that produced
whitefish, it was for precisely these areas that the original data were least trustworthy.
This lack of dependability had its origin in the extensive inaccuracies and misstatements
of fact known to have occurred in the reports of numerous deep-trap-net fishermen.
This observation is not intended as an indictment of any fisherman or group of fisher-
men. Nevertheless, the fact that these inaccuracies existed cannot well be ignored.
To discuss changes in abundance computed from deep-trap-net data without giving some
idea as to their degree of dependability would be misleading. Misstatements were found
in the reports of deep-trap-net fishermen as to the type of gear fished, the numbers
of nets lifted, and the size of the catch.

Numerous deep-trap-net reports were indicated erroneously to be reports of pound-
net operations. Most of the errors of this type were made by operators in the Saginaw
Bay region in 1931 and in both the Saginaw Bay and Harbor Beach regions in 1932. In
other years and in other districts the designation of deep trap nets as pound nets was
much less frequent. Without naming sources of information or explaining the pro-
cedure followed, it may be stated that we are certain that we have detected and cor-
rected practically all, if not all, of the misstatements as to the type of gear. Conse-
quently, this originally serious source of error does not affect materially the data of this
paper.

It has not been possible to correct the inaccuracies of data as to the number of nets
lifted and the size of the catch, nor is there any basis for a good estimate of the extent
of these inaccuracies. Where there was opportunity of comparing actual and reported
data the discrepancies were sometimes appalling. Some fishermen not only reported
incorrectly the number of nets lifted but gave dates of lifting that did not coincide with
the dates on which they actually left port. The reported catches were often understate-
ments. The extreme in this type of misrepresentation is offered by the report of an
operator who is known to have taken more fich in a single day than he reported for the
entire month. It must be considered highly probable that the actual total production of
whitefish in deep trap nets was far above that recorded in this study.

In calling attention to the defects in the decp-trap-net data it is not intended to
imply that all operators of deep trap nets submitted erroneous and carelessly prepared
reports. There 1s good evidence that many of them prepared serupulously accurate ac-
counts of operation and of eateh. Although the munber of inaccurate reports may be
sufficient to invalidate the deep-trap-net data as deseriptive of details, these data still
serve satisfactorily to indicate the trends of the fisheries in the different districts. This
view finds support in the fact that for the whitefish as well as for other species there
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was good agreement between conclusions as to the course of the fishery based on statis-
tical data and on the testimony of the fishermen themselves.

WHITEFISH FISHERY OF LAKE HURON, 1929-1939

In part I attention was called to the general increase in the abundance and pro-
duction of whitefish that occurred in the waters of the Great Lakes in the late 1920’s
and early 1930's. Emphasis was placed on the fact that the increase in yield in Michi-
gan waters of Lake Huron was relatively much higher than in other waters. The
average Michigan catch in Lake Huron in the two peak years, 1931 and 1932, was 3.67
times the average annual production over a period of carlier years, and the years 1930,
1933, 1934, and 1935 had yields well above normal, whereas in other waters the average
annual productions during the recent maximum were only 1.26 to 2.86 times the earlier
averages (p. 309). The excessive catch in Lake Huron was attributed to the widespread
use of the deep trap net in that lake. The detailed data that will be presented for the
six statistical districts in the State of Michigan waters of Lake Huron fully support this
earlier position. In fact, the origin and expansion of the deep-trap-net fishery dominate
the recent history of Michigan’s whitefish fishery of Lake Huron so completely that a
summary of the 1929-1939 statistics constitutes in reality little more than a study of
the effects of this new gear.

The deep trap net was introduced into Lake Huron off Alpena, Mich., in district
H-2 in July 1928, and continued to be fished in the same area in 1929. The rapid
expansion of the deep-trap-net fishery got under way in 1930. In this year the net was
fished extensively not only in the neighborhood of Alpena but also in H-1 (especially
in Hammond Bay) and in H-3 (mostly from Au Sable-Oscoda); a few deep trap nets
were used also in 1930 on the “Middle Grounds” off Saginaw Bay (H-4). No new sta-
tistical districts were added to the deep-trap-net grounds until 1932, in the latter part
of which season the net was introduced into the waters of southern Lake Huron off
Harbor Beach (H-5). The expansion into H-6 in 1933 completed the coverage of the
Michigan waters of the Jake. This sequence makes the history of the deep-trap-net
fishery, in a sense, discontinuous as the major “scene of action” shifted from year to
vear.

FLUCTUATIONS IN THE PRODUCTION OF WHITEFIS1I
IN LAKE HURON

The production of whitefish in Lake Huron?® increased phenomenally in 1930 and
1931 (table 3). The catch of 2,879,000 pounds in 1930 was nearly twice the 1929 vield
of 1,456,000 pounds. and the 1931 production of 4,140,000 pounds represented an addi-
tional increase of 1,260,000 pounds above the 1930 level. The decline from the 1931
vield was relatively insignificant in 1932 (decrease of 89,000 pounds). The reduction in
the cateh was large, however, in the succeeding vears, averaging 719,000 pounds per vear
for the 3 years, 1933-1935, 446,000 pounds for the 3 years, 1936-1938, and 303,000
pounds in 1939. Despite these large decreases the catch did not return to an approxi-
mately normal level until 1936. The subsequent declines carried the production far
below normal. The 1938 vield of 558,000 pounds was only a little above the lowest
cateh recorded for any previous year (555,000 pounds in 1900), and the 1939 production
of only 255,000 pounds was less than half the previous all-time low. The 11-vear
period (1929-1939) saw, therefore, a remarkable cycle in the yield of whitefish in Lake
Huron. From a nearly normal level in 1929 the catch increased suddenly to the un-
precedented height of more than 4 million pounds in 1931 and 1932 only to decline
rapidly to an unprecedented low yield in 1939.

Much of the increase to the 1931-1932 peak and of the high production in 1933-1935
can be traced to the new gear, the deep trap nct. The catch by this gear jumped from
87.000 pounds in 1929 to 871.000 pounds in 1930 (a ten-fold increase). 2,080,000 pounds
in 1931, and 2.764,000 pounds (the peak production for the gear) in 1932. The catch
of deep trap nets did not fall below 2 million pounds in the 4 years, 1931-1934.

22 1n this sud the following section the terms, “Lake Huron" and “the entire lake,” refer to the State of Michigan waters only.
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TaBLE 3.—Production of whitefish in pounds according to gear in the State of Michigan waters of

Lake Huron, 1929-1939

{Percentages of annual yield in parentheses]

Production in gear
- Total locrease
Gty annual or
Large-mesh Deep trap Pound Other production decrease
gill net net net &

1920 ... { 489,961 87,121 823,696 55,590 1,456,368 —12,433
(33.6) (6.0) (56.6) 3.3)

1930 ... 613,752 871,321 1,302,586 91,781 2,879,440 1,423,072
(21.3) (30.3) (45.2) (3.2

1931 . ___ I 619,515 2,079,596 910,940 1529,721 4,139,772 1,260,332
i L (15.0) (50.2) (22.0) (12.8)

1932 oo 385,566 2,764,317 569,698 1330,753 4,050,334 —89,438
4 (9.5) (68.2) (14.1) (3.2

1933 .. [ 269,271 2,704,576 305,229 54,825 3,333,901 —716,433
1 (8.1) (81.1) (9.2) (1.6)

1934 ____ { 189,701 2,061,483 258,207 58,842 2,568,233 : —765,663
| (74) (80.3) (10.0) 2.3)

1935 oo ',f 132,789 1,487,342 172,280 102,396 1,894,807 —673,426
1[ (7.0) (78.5) (9.1) 5.4)

1936 ... f 88,951 1,166,707 127,100 59,411 1,442,169 —152,638
1 6.2) (80.9) (8.8) (4.1)

1937 .. [ 49,937 834,164 107,221 27,259 1,018,681 —423 488
1 (4.9) (51.9) (10.5) (2.7)

1938 ... [ 55,677 423,073 58,813 20,406 557,969 —160,712
(10.0) (75.8) (10.5) 3.7

1939 _ 41,072 178,517 28,911 6,633 255,183 —302,786

B ‘(1_6.1) ) (70.0) (11.3) (2.6) o
Average. ____.____ 266,927 1,232,565 424,062 121,615 2,145,169 | ___ . ...
(12.4) | (62.1) (19.8) (6.7)
|

1 A considerable portion of this eatch, entered in the original records nnder the heading, “Gear unknown," was taken by decp trap nets.

It cannot be concluded that all of the produetion of deep trap nets represented

additional demands on the whitefish stock of Lake Huron or that an increase in yield
would not have taken place after 1929 without the operation of this gear. Substantial
inereases oceurred in the produetion of whitefish by both gill-nets and pound nets in
1930, and the 1931 eateh in these gears was above the 1929 level. Unquestionably the
output of gill nets and pound nets would have been even higher in 1930 and 1931 and
the subsequent decline in production in those two gears would have beeh less rapid had
not considerable numbers of fishermen abandoned the use of gill nets and pound nets
in favor of the muel more efficient deep trap net. On the other hand, the fact that
deep trap nets produced more whitefish in every vear of the 5-year period, 1931-1935,
than did all gears combined in 1929, and did so, as will be shown later (p. 330) in the
face of a rapid decline in abundance after 1931, suggests that this gear possesses capabil-
ities for the eapture of whitefish far greater than can be attributed to either gill nets
or pound nets. (Superiority of deep trap nets over pound nets is due largely to the
greater range of fishing depths of the former. See pp. 331 and 332.) Although the
deep trap net cannot be held to be solely responsible for the inerease in production that
took place after 1929, the conclusion is justified, nevertheless, that the increase would
have been much smaller had this gear not been fished.

The superiority of the deep trap net for the eapture of whitefish is indicated
strongly by the speed with which it replaced other gears. In 1929 deep trap nets ac-
counted for only 6.0 pereent of the total yield of whitefish in Lake Huron. Two years
later in 1931 they took more than half the total and by 1933 were responsible for more
than 80 percent of the catch. Deep-trap-net production as a pereentage of the total
vield fluetuated about the 80-percent level for 5 vears (1933-1937) and deelined only
with the virtual eollapse of the fishery in 1938 and 1939.

The deep trap net became at some time the dominant gear for the capture of
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whitefish in every statistical district of Lake Huron (table 4 and appendix B). With
the increase in the use of deep trap nets the operations with pound nets and gill nets
declined in most districts to the point of insignificance. Only in H-1 did the deep
trap net fail to become established as the overwhelmingly dominant gear. The per-
centage of the total production of whitefish taken by deep trap nets was not greater
than 38 percent in that district before 1935, and exceeded 50 percent in only 3 years
(1936, 1937, and 1939). In other districts the deep trap net accounted for more than
50 percent of the total catch of whitefish in the first or second year of operation (pos-
sible exception in H—4 where considerable quantities of whitefish taken by deep trap
nets in 1931 are included in the catches for which the records of gear were not available)
and maintained a dominant position with great consistency throughout the later years.
This statement is true especially for southern Lake Huron (H-5 and H-6 combined)
where the deep trap net was responsible for more than 90 percent of the total yield in
every year after 1932 and for more than 95 percent in every year after 1935.

TaBLE 4.—Production of whilefish in pounds in deep trap nets in Lake Huron, 19291939

{In parentheses, the deep-trap-nct production expressed as a percentage of the total whitefish productioo]

Production of whitefish ia deep trap aets in year

District or area Total

1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939
¥ i
Hl 286,453 375,122 170,313 64,251)  104,699| 163,465 346,621 236,196 73,184 73,406/ 1,803,910
(37.9) (38.0) (27.3) (17.6) | (27.7) (43.8) | (64.1) (73.2) (40.6) (52.0) (37.2)
H-2o.o ... [ 87,121 358,872 376,887 94,527, 28,540 44,153 94584 46,602 14,000 34,315 41,980/ 1,221,590
\ BLY) (60.4) (78.7) (80.5) (50.3) (47.4) (50.0) (83.8) " (67.3) (83.0) (99.3) (64.5)

Northern Lake i —| i
Huron (H-1 and A o . | | . ~
H-2) .. _...___. 87,121 645,325 752,009 264,840 92,791) 148,852 258,049 393,423 250,205 107,499 115,386 3,115,500

{ (134) (47.8) (51.3 (35.7) (22.0) (31.6) (52.5) (65.9) (63.4) (48.5) | (62.9) (44.6)

HI23 N | R | { 157,245 3952300 85,236 9,912 1255  7.964, 7,567 1,934  8.910) 277 656,836
(63.5) | (34.0) | (62.0) | (o) | 672 | (0d) | (045) | (60.D) | 07D) | (9q) | (679)

|
S 68,745 1032,357(11,934,325 620,125 116,840 138,446 75435 121706 38,224 18,785 4,065,093
©6) | @i | @85 | GLD | 600 | @) | 686 | @83 | (84) | G24) | (53§)

Huron (H-3 and |
H-4

) ISR | I——— 225,996/ 1,327,587, 2,019,561, 630,037 129,407 146,410/ 83,005 123,730 47,124 19,062 4,751,929
(17.5) (54.9) | (71.7) (81.2) (61.8) (68.1) | (60.7) | (78.4) (72.5) (o KD (55.4)

H-5 || [ 479,916 1,658,753 783,606 272,746[ 119,103 66,658 41,832 12,247 3,434,801
\ (¥3.5) (98.9) (99.9) (99.8) | (100.0) | (99.%: (99.8) | (100.0) (92.4)

)2 & S I IO R [ 322,005 990,618 810,137

571,176/ 393,541 226,608 31,822 3,355,807
| (70.3) (90.6) (89.1)

! (96.9) | (98.5) (98.7) (96.1) (77.79)

|
........................................ i 479,916/ 1,981,745 l.783.224l 1,082,883 690,279 460,229 268,440, 44,069 6,790,788
(67.7) { (92.8) (94.5) ‘ (91 (97.4) (98.7) (98.9) | (972 (84.5)

{

Lake Huroa (all 6 I | |
districts)_.__.__. 87,121 871,321/ 2,079,596] 2,704.317' 2,704,576 2,061,483) 1,487,342 1,166,707 834,164] 423,073 178,517(14,658,217
(6.0) (30.3) (50.2) | (65.2) (81.1) (80.3) (78.5) | (80.9) | (81.9) (73.8) (70.0) (62.1)
1 Pounds and the corresponding percentage are too low; the total production in H-4 in 1931 aad 1932 included considerable quantitica of white-

Gish for which records of the gear of capture were lackiug, but a large part of which came from deep trap nets. Other totals and percentagea ia the
computation of which these figures were involved were affected relatively leas aeverely.

A peculiar feature of the production of whitefish in Lake Huron, 1930-1935, lay
in the circumstance that a high level of yield was maintained by a successive rather
than a simultaneous exploitation of the stocks in the various portions of the lake (table
5 and appendix B). In each area the catech of whitefish followed a typical cycle after
the introduction of the deep trap net. Production was raised to tremendous heights
for about 2 years, only to fall away sharply. Since the use of the deep trap net spread
gradually throughout the lake, first one arca and then another bore the burden of
heavy fishing.

Although the deep trap net was fished in H-2 in 1929 (in 1928 also), it did not
produce large quantities of fish until 1930. In this same year the net was employed
extensively in H-1 and H-3 also and was introduced into H4. In 1931 high yields
were obtained in each of these first four districts. Thus it was possible for the pro-
duction of whitefish in Lake Huron to increase phenomenally in 1930 and attain an
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TaBLE 5.—Total annual production of whitefish in pounds in the different districts and areas of the
State of Michigan waters of Lake Huron, 1929-1939

[Each total is expressed also as the percentage (in parentheses) of the production of the entire lake]

" Total whitefish production in year

District or area 1 Average
1929 1930 1931 1932 ‘ 1933 1934 1935 1936 1937 1938 1939
’ \
el e [ 375,577 12755,362) 2987466 623,670; 364,683 378,105 272,874 541,392 373,753 180,127 141,051) 463,187
i (25.8) (26.2) (23.8) (15.4) (11.0) (14.7) (19.7y (37.5) (36.7) (32.3) (55.3) (21.6)
H2. . __._____|[1274,640 394,526 478,969 117432 36,745 93,116 118,287 55,606 20,813 41,363 42,285 172,162

| (18.9) (20.7) (11.6) (2.9) (1.7) (3.6) (6.2) (3.9) (2.0) (7.4) (16.5) (8.0)

Northern Lake
Huron (H-1 and

HY . [ 650,217| 1,349,888) 1,466,435 741,102 422,428 471,221 491,161 596,998 394,563 221490, 183,336 635,349
| (44.7) | (469) | (35.4) [ (18.3) | (12.7) | (183) | (25.9) | 14} | (387) | (39.) | (71.8) | (29.6)
H3... .. ... | 08,818 12247572 270,422 137,463 14,130, 14,399 8,907 8,006, 2,798 9,163/ 557 92,021
1 (6.8) 8.6 | (11.4) (3.4) 0.4 (0.6) (0.5) 0.6) i (0.3) (1.7) (0.2) (4.3)
|
Hed oo [ 571,603 1,043,39521,948,08522,462,958| 761,562/ 194,943 212,513} 128,717 135,091 55885 25943 687,337
i\ (39.2) (36.2) (47.0) (60.8) (22.8) (7.6) (11.2) | (8.9 (15.2) (10.0) (10.2) (32.0)

Central Lake | IR

____________ | 670,427 1,200,967 2,418,508 2,600,421 775,692 200,344 221,420 136,723 157,889 65,043  26,502) 779,358
1 (46.0) | (448) | (384) | (642) | (23.2) |\ B | (LD | 95 | (1535 | (LD | (104) | (363)

H-5 . [ 62,987 901493 74,038 1513,40021,676,432) 784,215 273,421 j 119,140 66,525 74[,915 12,247 337,830
1 43) (3.2) (1.8) (12.7) (30.3) (30.5) (14.4) (3.3) (6.6) (7.5) (4.8) (15.8)

H-6. . [ 72,741 147,002 180,791 195,402 1459,319/21,103,453 2908,805 55‘9,'%0.3‘1 399,399 229,516 33,008 392,632
| 5.0 (5.1) (4.4) (4.8) (13.8) (43.0) (48.0) (40.8) (39.2) (41.1) (13.0) (13.3)

Southern Lake o - R
Huran (H-5 and !
H-6 [ 135,728) 238,583 254,829| 708,811f 2,135,781 1,887,668| 1,182,226| 708,445 406,224, 271,431 45,345, 730,462

‘\ (9.3) (8.3) (6.2) (17.5) (64.1) (73.5) (62.4) (49.1) (45.8) (48.6) (17.8) (34.1)

Lake Huron (all 6

districts) .. ... __| 1,456,368 2,879,440| 4,139,772 4,050,334 3,333,901 2,568,233/ 1,804,807 1,442,169 1,013,681 557,969 235,183 2,145,169
Percentage of | |

average . ......., ! 68 134 193 189 ] 135 120 88 67 48 26 ) 12 SIS

! Year of introduction nf deep trap net.
2Years of heaviest production of whitefish in deep trap nets.

all-time high in 1931 without the benefit of a really significant contribution from the
southern region of the lake (H-5 and H-6) where the increase from 1929 to 1931
amounted to only 119,000 pounds.

In 1932 the first three distriets, H-1, H-2, and H-3, after 2 peak years, suffered a
severe decline in production. The combined decrease amounted to more than a million
pounds. This reduction was compensated to a large extent by further increases
in H—4, the center of the deep-trap-net fishery in 1932, and by the phenomenal rise in
output in H-5, into which district deep trap nets were introduced for the first time.
As a result, the total catch for the lake fell only slightly from the 1931 maximum.

After 2 years of extremely high production the cateh of whitefish in H—4 decreased
1,701,000 pounds in 1933. The yield in the first four districts combined dropped
from 3,342,000 pounds in 1932 to 1,198,000 pounds in 1933, a decrease of 2,144,000
pounds. It was hardly to be expected that this large decline in the first four districts
could be compensated fully by a rise in production in southern Lake Huron, a region
that produced only 136,000 pounds of whitefish in 1929. The increase in.catch in
southern Lake Huron was nevertheless enormous—1,163,000 pounds in H-5, 264,000
pounds in H-6, and 1,427,000 pounds in the two districts combined. In H-5 the
1933 production was 26.6 times the yield in 1929; for H-5 and H-6 combined the 1933
catch was 15.7 times that of 1929. The production in the entire lake, however, de-
creased in 1933 by 716,000 pounds.

The output of whitefish increased markedly in H-6 in 1934 (increase of 644,000
pounds), but the larger decrease of 892,000 pounds in H-5 led to a drop of 248,000
pounds in southern Lake Huron. Increases ranging from an insignificant recovery
in H-3 to a sharp rise in H-2 occurred in the first three districts. In H—4, however,
the catch dropped 567,000 pounds (from 762,000 pounds in 1933 to 195,000 pounds in
1934). The decrease for all six districts waz 766,000 pounds.
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The increases in the catch of whitefish in H-2 and H4 in 1935 exceeded the
decreases in H-1 and H-3; consequently, the totals increased slightly in both northern
and central Lake Huron. However, the large dccreases in H-5 and H-6 (705,000
pounds for the two districts) caused the yield of the entire lake to decline 673,000
pounds.

With the onset of the decline in production in H-6 in 1935 the cycle of exploitation
of the stocks of Lake Huron whitefish by means of the deep trap net was approaching
its final stages. As the fishery failed in other areas deep-trap-net fishermen had
moved on to new grounds. H-6, however, had provided the last unexploited fishing area
available. The lack of new grounds may account for the fact that large numbers
of deep-trap-net fishermen remained longer in H-6 than they had in any other district.
H-6, despite a continued decline in the catch, maintained first rank among the dis-
tricts in the production of whitefish during the 5-vear period. 1934-1938, relinquishing
this position only with the almost complete collapsc of the fishery in 1939.

It is true that in some districts the general decline during the later years of the
fishery was interrupted by temporary increases as fishermen returned to glean a scant
harvest from their former grounds. The most noteworthy recovery occurred in H-1,
where in 1936 the production of whitefish rose above a half million pounds. However,
the deep-trap-net operations in H-1 in 1936 were not centered in the southeastern part
of the district (especially in Hammond Bay) as in earlier years but were carried on
chiefly in the northwestern end (Cheboygan-St. Ignace) in an area that formerly had
been exploited only moderately. These temporary increases in certain districts were
insufficient by far to halt the general downward trend of the catch in the lake as a whole.

An outstanding feature of the statistical data discussed in the preceding pages was
the shift from year to year in the center of production of whitefish. The output fluc-
tuated over a wide range in all districts. Especially striking, however, were the in-
creascs in southern Lake Huron which accounted for only 9.3 percent of the 1929
production but viclded more than 60 percent of the total for the lake in 1933, 1934,
and 1935 (73.5 percent in 1934).

These violent fluctuations in production uand shifts in the center of operations
suggest distinctly abnormal conditions in the fishery. The belief that conditions were
abnormal in the years following 1929 finds support in the data on the catch of white-
fish in the various districts in the earlier period of the fishery, 1891-1908 (table 6).
Although a certain amount of shifting did occur in the relative importance of the
several districts for the production of whitefish, these changes were insignificant in
comparison with the tremendous fluctuations that took place during the recent years,
1930-1939 (table 5). In the earlier period, for example, H-1 and H—4 held first or
second rank in every year except 1891 when the second highest yield was made in
H-2 (H-1 in first position and H—4 in the third). Third and fourth rankings usually
were held by H-2 and H-3 (characteristically in that order) while H-6 commonly
ranked fifth and H-5 was normally sixth (only one exception). The limited extent
of the fluctuations in the rankings of the districts with respect to the production of
whitefish in 1891-1908 is brought out by the following tabulation (left half) which
shows the number of vears each position was held by cach district. The right half of
the tabulation brings out the sharp contrast in yield with that for the period of the
deep-trap-net fishery, 1930-1939:

Rank (1891-1903) | Rank (1930-1939)
District ‘ District
iP5 6 | 1 ‘ 2 l 3 1 ‘ 5 \ 8
t !
]
. | 1
- . H-l oo .. 1 5 1 TR i
2 . H2 - 1 2 - 6 1
2 | . |{H3 = . o 2 1 7
IR H-t . 3 1 3 3 . )
L |y HS. ... 1 1 2 3 1 2
13 : 1 H6 . . _ ... 5 . 2 1 2 .
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The range of rank was the greater in the more recent period in each district except
H-3, a region in which the whitefish fishery was unimportant after 1932. The great-
est increase in range occurred in H-5 which held every position from first to sixth
although this area had ranked sixth 17 times (fifth in the remaining year) in the
period, 1891-1908, and had not yielded more than 7,500 pounds in any onc of the 18
years.

It should be noted further that with only one exception (the rank of 5) each of the
rankings from 1 to 6 occurred in more districts in 1930-1939 than in 1891-1908. For
example, first position was held in four distriets (all but H-2 and H-3) in the more
recent period as compared with only two (H-1 and H-4) in the earlier years, second
rank was held by four districts in 1930-1939 as compared with three in 1891-1908,***.

The actual figures of catch of tables 5 and 6 support the observations based on
the rankings, for the yields of the individual districts were in general far less variable
in the early than in the recent period.

TABLE 6.—Production of whitefish in pounds in Lake Huron according to stotisticel districts, 1891-1908

Statistical district
Year ) T Total
H-1 H-2 H-3 H-4 H-5 H-6
! i |
1,304,220 133,000 58,500 91,540 | 6,000 | 31,600 1,624,360
1,150,933 44,000 29,200 160,450 | 3,500 48,100 1,486,183
1,204,400 12,000 131,500 199,960 | 2,000 | 27,800 1,577,600
930,250 91,600 61,500 116,550 ] 1,000 ‘ 8,350 1 21\,200
614,830 75,550 39,500 203,687 1,500 10,800 945,867
440,600 115,616 167,300 264,119 500 14,600 | 1,005,735
392,100 141,555 38,300 285,200 4,000 4,805 865,960
239,800 59,500 38,500 249,050 1,500 4,400 592,750
201,600 96,000 36,100 306,560 1,800 3,520 645,580
152,400 104,000 99,500 191,520 4,500 3,500 555,420
219,025 137,000 154,300 263,720 5,000 9,200 788,245
307,000 137,500 122,000 331,930 600 14,500 913,530
312,700 106,100 70,700 436,360 400 11,200 937,460
328,000 54,000 85,000 303,860 1,000 15,500 787,360
381,200 30,300 29,800 208,260 3,500 21,500 674,560
492,300 38,500 25,600 19Q.220 | 5|000 32,100 791,720
658,500 45,000 64,600 AEID 3 300 75,800 1,132,972
578,915 45,963 41,666 270,832 l 7,500 26,029 973,905
— = =— ‘
Average. _____________ 530,987 84,621 71,865 242,474 l PR 20,367 973,236
Percentage _________ - 56.6 8.7 T4 249 0.3 21 |

The records of yield for the years, 1891-1908, indicate also that the percentages
of the total cateh of whitefish in the different districts were approximately normal in
1929, the only recent year (with data for each district separately) in which the sta-
tistics were not seriously distorted by the deep-trap-net fishery. It is true, the per-
centage distribution of the catch of whitefish in Lake Huron in 1929 (table 5) differed
somewhat from that for the average for 1891-1908. It will be noticed, for example,
that in 1929 the greatest production (39.2 percent) was from H—4 with H-1 in second
position (25.8 percent) whereas in 1891-1908 the greatest average yield came from
H-1 (56.6 percent) with H—4 in second position (24.9 percent). Among the remaining
districts the percentages were higher in 1929 in H-2 (in part because of the catch in
deep trap nets), H-5, and H-6, and possibly lower in H-3,%® but the rankings of the
districts were the same.

The differences in the values of these percentages are not large enough, however,
to warrant the conclusion that the relative capacities of the various districts for the
produection of whitefish in 1929 were changed greatly from those of 1891-1908. Although
the high percentage of the total yield of whitefish in H-4 in 1929 is in disagreement

% The division of the statistics for the earlier years was hased on the location of the home port and not necessarily on the grounds actually fished.
It is knowa that, in more recent years at least, some fishermeo from Au Sable-Oscoda (H-3) have operated with gill netsin H-4 on the “Middle
Grounds” oﬂ'Sagmaw Bay. 1a 1929 aad 1930 these fishermen acconated for abont 14 percent of the total whitefish catch of H-4. 1f this same per-
ceatage held for the earlier years the average production in H-3 and H+4 should have heen 32,392 pounds and 281,947 pounds, respectively, instead

of 71,865 pouods and 242,474 pounds as recorded in table 6; the percentages should have been 3.3 and 29.0 instead of 7.4 aod 24.9. There is no
reason to believe that the data for other districts were affected significantly by the division of the catch accordiag to port.
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with average conditions in 1891-1908, evidence that the 1929 percentage for the distriet
did not represent an abnormal condition may be seen in the fact that the catech in H—4
exceeded that in H-1 in 6 successive years (1898-1903) of the 18 in the early period.
The percentage of the Lake Huron cateh produced in H-—4 in 1929 apparently was
somewhat above the average for the modern asx well as the early period, as in the
9 years, 1920-1928, the percentage of whitefish taken in Saginaw Bay (in H4) did
not exceed 31.3 percent and averaged only 23.5 percent. (This statement is based on
statisties published for Saginaw Bay and Huron proper by the Michigan Department
of Conservation.)

The evidence that the percentages of the 1929 yield of whitefish taken in the
several districts were within the normal range of variation lends further support to
the belief that the deep-trap-net fishery brought about abnormal conditions in 1930-1939.

CHANGES IN PRODUCTION IN LAKE HURON AS RELATED TO
FLUCTUATIONS IN THE ABUNDANCE OF WHITETISH
AND IN THE INTENSITY OF THE FISHERY

Up to this point the discussion has been concerned only with the fluetuations in
the cateh of whitefish, because it was believed that this, the more obvious phase of
the fishery, should be outlined clearly before the changes in production were analyzed
in relation to concurrent fluetuations in the abundance of whitefish and the intensity
of the whitefish fishery. The fundamental problem in the analysis of the statistical
data relative to the whitefish fishery of Lake Huron is the determination of the prob-
able effeets of deep-trap-net operations on the abundance of marketable whitefish.
As pointed out previously (p. 315) this problem is complicated greatly by the ecir-
cumstance that whitefish are known to have been abnormally abundant during the
vears in which the deep-trap-net fishery was undergoing its most rapid expansion.
The abundance of whitefish in Lake Huron was possibly above normal in 1929; cer-
tainly it was wel above normal in 1930 and 1931 (table 10). A decline from this
abnormally high abundanee would have occurred even if deep trap nets had not been
operated in the lake. Tt is only logieal to helieve also that the high abundance fol-
lowing 1929 would have stimulated fishing intensity even had deep trap nets not been
fished. The general problem resolves itself, therefore, into the estimation of the degree
to which the inereased fishing intensity and the heightened production made possible
by the use of deep trap nets affected the rate of the decline in abundance and its ulti-
mate extent.

That the deep trap net acecounted for the bulk of the extremely high yields of
whitefish over the period, 1930-1935, was brought out in the preceding section. It
will now be demonstrated that the high production resulted from an unreasonably
great fishing intensity and that this overfishing in turn aecelerated the decline in the
abundance of whitefish. In the four southernmost distriets in whieh the deep trap
net was fished most extensively the whitefish fishery reached a state of collapse.
Abundanece and catch were reduced in the other two districts in whieh the deep-trap-
net operations were less extensive but the decline was far less pronounced than in the
four districts.

A comparison of the extent of the changes in production, abundance, and fishing
intensity in the several districts may be found in table 7. 1n this one table the year 1929
rather than the 11-year period (1929-1939) has been taken as the point of reference.
To be sure, there is no certainty that 1929 was a “normal” year. However, the catch
in 1929 was at approximately the typical level for 1922-1929, and there is no evidence
of any unusual conditions in the fishery in that year. Certainly, 1929 is the most
nearly normal year for which detailed statistieal data are available.

The data of table 7 do not provide a complete-history of the deep-trap-net fishery.
They do serve, however, to show the variation among the distriets in the maxima of
yields and fishing intensity that followed the introduction of the deep trap net, and
the apparent relationship between these maxima and conditions in 1939. The increases
in catch were by no means as great in H-1 and H-2 as in the remaining distriets. In



324 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

these two northern districts the maximum productions were 263 and 317 percent,
respectively, of the 1929 yield. In central Lake Huron the maxima were 476 percent
in H-3 and 431 percent in H—4. It was in southern Lake Huron, however, that the
greatest relative increases in production occurred. The maximum yield was more than
26 times the 1929 catch in H-5 and more than 15 times the 1929 production in H-6.

The differences in the relative maximum vyields attained in the several districts
are to be attributed primarily to differences in the relative increases in fishing intensity.
The maximum intensity in H-1 and H-2 was a little more than twice that of 1929.
It was roughly 5 times the 1929 level of intensity in H-3 and 4 times in H-4. In H-5
and H-6, however, the maximum fishing intensities were, respectively, 42 and 27 times
the 1929 intensity.

The relative maximum abundance attained in the various districts exhibited re-
markable agreement. In four of the six districts (H-1, H-4, H-5, and H-6) the
maximum abundance was between 140 and 150 percent of the abundance in 1929,
and in a fifth (H-2) the maximum was a little less than 140 percent (136 percent) of
the 1929 level. In H-3 the greatest estimated abundance occurred in 1929 in which
vear the pound nets were particularly successful (table 11). The abundance in H-3
fell in 1930 but increased in 1931; peculiarly enough the abundance in 1931 was 143
percent of that in 1930 (cf. increases in other districts over 1929 abundance).

Production and abundance in 1939 were below the 1929 level in every district,
and the fishing intensity was less than that of 1929 in all but the two southernmost
distriets. Of especial significance is the fact that the abundance in 1939 was rela-
tively much higher in H-1 and H-2, the two districts in which production and
intensity had reached the relatively lowest maxima. In the remainder of the lake the
whitefish had almost disappeared. So great was the depletion that in H-5 and H-6

TaBLE 7.—Maximum and 1939 production and abundance of whitefish and maximum and 1939 fishing
intensity for whitefish expressed as percentages of the 1929 values in each statistical district of Lake

Huron
Production Intensity Abundance
L Year of Year of Year of
District maximym maximpm maximum
production Maximum 1939 lntensity Maximum 1939 abundance Maximum 1939
1931 263 38 1931 233 89 1930 140 41
1930 317 23 1930 228 50 1930 136 43
1931 476 1 1931 528 5 1929 100 6
1932 431 5 1932 377 60 1931 149 7
1933 2,662 19 1933 4,211 433 1931 142 5
1934 1,517 46 1935 2,678 489 1932 148 10

1 The deep-trap-net fishery of 1929 was exciuded in the computations of thesce percentages of productior and fishing jotensity for H-2.
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Ficure 5.—First district, H-1.

Figures 5 to 10 show the annual fluctuationsin the production (solid lines) and abundance (long dashes) of whitefish and io the intensity of
the whitefish fishery (short dashes) over the period, 1929-1939, in each of the six statistical districts of Lake Huroa (see fig. 4). la each Gigure the
central horizontal hoe represents the average conditions for the 11 years, 1929-1939.
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fishing intensities between 4 and 5 times those of 1929 yielded productions amounting
to only 19 and 46 percent, respectively, of the 1929 catch. For practical purposes it
can be said that there was no whitefish fishery in H-3 in 1939, and that the fishery in
H-4 was insignificant.

The data of table 7 have brought out the fact that a disastrous depletion of the
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whitefish oceurred in the four districts in which the use of the deep trap net led to an
excessive multiplication of fishing intensity and catch. The decline in the abundance
of whitefish was much less severe in the two districts in which the exploitation of the
stock was more moderate. Further evidence on the harmful effects of deep-trap-net
operations will be brought out by a more detailed consideration of the annual changes
in production, fishing intensity, and abundance in the various districts with reference to
the 1929-1939 averages.
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In the previous section attention was called to the existence of a typieal deep-
trap-net eyele of produetion (p. 319) in which the eateh “was raised to tremendous
heights for about 2 years, only to fall away sharply.” It is equally valid to speak
of “typical deep-trap-net eyeles” of fishing intensity and in the abundance of white-
fish. (For graphieal representations of the annual fluetuations in the eateh and
abundanee of whitefish and in the intensity of the whitefish fishery in the several
distriets, see figs. 5 to 10.) The tremendous increases in yields were aceompanied by
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Figurre 10.—Sixth district, H-6.

great inereases in fishing intensity (table 8). To a large extent these inereases in
intensity represented deep-trap-net operations (table 9). In about 2 years, however,
the fishing intensity declined in a distriet as the fishermen moved on to more produc-
tive grounds. An exeeption to this eyele of intensity is to be found in H~6 where an
extremely intensive fishery was earried on for 5 years (1934-1938) despite a rapid
decrease in the returns. Operators of deep trap nets remained longer in H-6 beeause
the more northerly grounds had been exploited thoroughly in previous years (p. 321).
H-1 and H-2 showed limited seeondary increases in fishing intensity (about 1935-1937
in H-1 and 1934-1935 in H-2) as some fishermen returned from the depleted grounds
in the south.

Without exeeption the abundance of whitefish fell sharply after a period (usually
2 years) of intensive deep-trap-net operations. This faet is brought out clearly by the
data of table 10 in whieh the years of greatest production of deep trap nets have
been designated. (The comparison of tables 4 and 9 will reveal that the years of
greatest yields of deep trap nets and the years of greatest intensity of the deep-trap-net
fishery were not always the same.) The nature of the ehanges in abundanee that fol-
lowed heavy removals of whitefish may be summarized for the distriets as follows:

H-1. Abundanee began to deeline in 1931, the sceond year of heavy produetion
by deep trap nets. This deeline eontinued through 1933.

TaBLE 8.—Annual fluctuations in the intensity of the fishery for whitefish in each district of Lake Huron

[Expressed as percentages of the average 1920-1939 intensity in the district]

Fishing intensity as percentage of average in year

District
1929 1930 1931 1932 1933 | 1934 | 1935 1936 1937 1938 1939
66 94 154 129 93 43 105 130 108 70 59
152 246 203 114 48 65 98 54 26 40 54
61 250 322 153 39 50 69 67 19 67 3
70 94 174 264 170 7 68 44 59 52 42
9 9 8 84 379 102 141 118 68 53 39

9 15 19 16 62 168 241 172 182 172 44




328 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

H-2. Abundance was high in 1930 and 1931, the yvears of high yields; in 1932
abundance declined to less than half that of 1931.

H-3. Abundance increased in 1931, the second year of heavy production, but was
less than half as great in 1932 as in 1931.

H-/. Abundance decreased somewhat in 1932, the second year of high production;
the abundance in 1933 was less than half that of 1932.

TasLe 9.—Annual fluctuaiions in the intensity of the whitefish fishery for all six districts of Lake Huron
combined (third row from bottom of table) and distribution of each year's fishing intensity among the
districts

[The average annual intensity for the entire lake, 1929-1939, is 100.0. la parentheses are the intensity values of the deep-trap-net fishery.
The value of oae unit is 1/1,100 of the total expected catch (p. 314} of all districts, 1929-1939]

Fisbing intensity ia year Pe;’g‘;’;;%; of
District or area Total r%pr%sented
1929 | 1930 | 1931 | 1932 | 1933 | 1934 | 1935 | 1936 | 1937 | 1938 | 1939 e
Hel oo { 13.8) 199/ 324! 270[ 19.6( 193] 220/ 273 227 4.7 126 2313 } 379
...... 5| 3.0 G4 @5 @ @3] weo| 13mH 74| © G d
H2oooooo { o0 155 128 72 34| 41| 62 34 17 25 34 69.6} o
@8 08 o) 6D a5 @] @D G0 a3)| @4 6] 6D T
Northera Lake H |
(H-1a0d H2) oo . { 235 354 452 342 227 234 282 307 244 17.2( 16.0| 3009 447
@8 7o) @1 38| 60| G4 (120 19D (48] 19.8)] (9.6) (134.4)
5 . S { 1.6 6.3 8.2 39 1.0 1.2 1.7 1.7 0.5 17 0.1l 2791 .
...... (4.6)1 @0 ©G3| 09 10 16| 16| ©4) 0.6 ©b| @1 ke
HA oo { 164] 218 102 612 304 162 156 10a] 120 124 07 254.7} -
...... @51 1668)] 17| @08 ard| 0on| w3 @] a0  (86) (156.9) ;
Centra! Lake H
H3 nod Ha) oo { 180, 28] 484 651 04| 174 173 18l 125 138]  os| 2826 } o
...... (0.1) (23.6)‘ 50.9) @615 22| 123 8] @6 123)] @7 (179.0) ;
: C 18 19 18] 166l 753 82l 279 24 136 106 77| 2183) g0 o
.................... (5.7 45| @8.0)| @0 @b (38| 105)| (7.0 @) /
Heboooooooo . 25 40| 51 44 169 454 653 465 192 166 121 298.0\1 i
........................... (126) (22) (629) 55)| 683 wod)] (120)| G100 :
Southern Lake Huron } {
(Ho5 and Ho6).o. ... 43l 59 68 210] 922 836 932 699 628 572 10| 516.5:} -
.................... {157 @D €03 0.6 ©8.9)] 620) 569 (19.9) (481.2)| Bt
Lake H 1l 6 dis- |
B L { 453 694 1002 1203 1553| 1244 1387 112.4] 0997 832 456 1,100.01} oo
@8)| @6.0)| @67 (0.4) (124.6) (98.9)| (1149)| (96.8)| (86.4)| (70.0) (380)| (794.6)] e
Percentage %f '{)nterasity
represente: y deep
trap ets_ oo 62 376 46 66.8 802 795 828 36.1| 867 806 833 722l

! Value too low; the estimate of the total iatensity for H-4 in 1931 and 1932 included coglsideration of la_rge catches for which gear records were
tacking, hut a large part of which was taken by deep trap nets. Other totals and percentagesin the computation of which these figures were involved
were affected, but relatively less severely than those indicated by the footnote.

H-5. Abundance decreased considerably in 1933, the first of the two years of
heaviest production, and declined slightly in 1934, the second of these years. In 1935
after the two years of heaviest production the abundance fell to less than half the 1934
level.24

H-6. Abundance declined somewhat in 1934, the first year of heaviest production,
and fell sharply in 1935, the second year. (See footnote 24.) The decline was small
in 1936 but a rapid rate of decrease was resumed in 1937.

Comment was omitted deliberately on the recorded decreases in abundance from
1931 to 1932 in H-5 and from 1932 to 1933 in H-6. Because of the difficulty of bridging
the gap between a fishery dominated by gill nets and pound nets to one dominated by
deep trap nets (p. 316) there is some question as to the accuracy of the comparison be-
tween the two years involved in each district. However, comparisons are valid within
each of the periods, 1929-1931 and 1932-1939 in H-5, and 1929-1932 and 1933-1939 in
H-6. Consequently the observations on tlic change in abundance that followed the
extensive use of deep trap nets in these two districts also are valid. Furthermore,

2 Purt of the decline from 1933 to 1934 and 1934 to 1935 may be attributed to the fact that effective August 1, 1934, deep trap nets were
restricted in Lake Huron to water with depths of 80 feet or less.
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TaBLE 10.—Annual fluctuations in the abundance percentages for whitefish in the various districts ond areas
of Lake Huron, 1929-1939
[Expressed as percentages of average 1929-1939 abundance. 1o the computation of percentages for areas of mote thao one district and for the

entire lake, the abuodance percentage for each district was weighted according to the perceatage of the total 1929
productioo cootributed by that district]

Abupdance percentage io year
District or area

1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939
< &5 U 129 | 12181 2141 108 85 94 80 93 78 58 53
Hel o oo 1135 2183 2179 It 89 106 91 71 45 65 58
Northern Lake Huroo (H-1 and H-2)__ 131 182 157 95 87 99 85 84 64 61 55
H-3. .. 301 12183 2261 115 67 55 a5 122 26 26 19
HA4. o 152 1211 2226 2189 83 49 38 46 54 17 10
Central Lake Hurop (H-3 acd H-4)__. 174 207 231 178 83 530 53 43 50 18 11
H-5... 164 231 233 1147 2106 98 47 | 2 28 19 8
H-6._. 130 173 166 193 1129 2[14 261 | 39 39 23 13
Southern Lake Huron (H-5 and H-6)_. 146 200 197 172 117 1 107 | 54 ] 43 32 21 11
Lake Huron (all 6 districts) . ... . o 152 195 195 140 89 \ 7 l 67 i 61 35 38 31

! Year of introduction of the deep trap pet.
2 Years of greatest praduction by deep trap pets.

TaBLE 11.—Annual fluctuation in the catch of whitefish per unit of fishing effort of gill nets, deep trap nets,
and pound nets in the various districts of Lake Huron, 1929-1939

District 1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 Average
Pounds of whitefish per 10,000-foot-lift of gill pets
| |
H-1 115 9 99 4 65 3 87 8 702 56 8 57 8 ‘ 56 7 911 441 759
H-2 61.8 18 8 10 8 166 21 8 1590 153 | 61 (... . 20 22 8
H-3 60 6 48 7 247 187 s S 4 ﬁl; 990 3 X 46 333
H4 815 69 3 63 7 137 10 5 I T PO [ 56 42 6 4 36 1
H-5 187.5 186 0 137 4 87 3 141 64 (... .. 57 34 | 34 7
H-6 115.8 107.9 134 4 106 6 83 0 33 6 18 5 24 0 142 I ........ 27
Pouods of whitefish per lift of one deep trap net
{ |
Hal ... 167 7 19586 91 7 61 3 108 5 97.3 94 5 6 2 433 , 51 3 ‘ 91 8
H-2. ... 115 2 141 9 139 1 (4 & 730 763 75 8 568 | 404 DS 457 79
H-3. 4 I 206 1 1153 99 1 405 39 2 417 459 (... H97
H-4__ 3 4 3407 | 1683 87 5 108 2 87 1 I 110 8 30 0 18 2 134 9
H-5. J 4043 | 2059 2729 130 8 | 67 3 65 2 52 8 213 | 1838
H-6_.. _______ oo cco-B88 {4025 3723 ! 20282 197 2 | 127 3 7% 8 41 9 ’ 202 9
J
Pounds of whitefish per lift of oue pound net
] ]

65 2 120 5 93 7 78 4 54 6 50 7 358 | 471 i 42 3 29 2 242 | 584

70 2 94 6 97 1 431 91 65 8 W6 | 341 ... 52 ... | 354

98.3 68 5 53 1 TR | - 45 oo, 32 .| 473

331 57 5 40 0 351 13 8 98 113 | 31 80 15 25 201

46 1 60 2 83 100 3 26 2 123 o1 2 ] k300 N DRI PPN P 53 5

300 420 51 7 38 8 25 1 18 7 99 ! 1.7 53 123 66 22 9

these same decreases are apparent in the records of the actual catch per lift of deep
trap nets in these same districts (table 11).

The history of the annual fluctuations in the abundance of whitefish in the years
subsequent to the decline that followed immediately upon the extensive use of the deep
trap net varied widely among the districts.

In H-1, where the use of deep trap nets may be described as “moderate,” the
abundance percentage for whitefish dropped to 85 in 1933, fluctuated irregularly in
1933-1937, and declined to a level of less than 60 percent in 1938 and 1939. Abundance
did not fall significantly below 80 before 1938. In H-2, the other district in which the
maxima of production and fishing intensity were relatively low, the sudden decline to
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78 percent in 1932 was followed by recoveries in 1933 and 1934 (89 and 106 percent,
respectively) and relatively high abundance in 1935 (91 percent). The decreases in
1935-1937 that led to the minimum of 45 in 1937 were followed by a recovery in 1938
and a slight decline in 1939. In both H~1 and H-2 the secondary declines in abundance
were preceded by secondary increases in fishing intensity—increases traceable to revi-
vals of deep-trap-net operations.

The remaining districts experienced greater ultimate declines than did H-1 and
H-2. Furthermore, these districts failed to show recoveries comparable to those that
occurred in H-1 and H-2. In H-3 the decline in abundance continued through 1935;
abundance remained rather stable at about 25 in the years, 1935-1938, and declined to
19 in 1939. The abundance in H—4 declined through 1934, was at approximately 50
percent in 1934-1937, and dropped to an extremely low level in 1938 and 1939. 1In both
H-5 and H-6 the decline in abundance that followed the introduction of the deep trap
net proceeded without interruption (albeit at an irregular rate) through 1939. In that
year whitefish were extremely scarce in both districts.

The data that have been discussed in the preceding pages support the general con-
clusion that the deep trap net was in large measure responsible for a disastrous deple-
tion of the whitefish in the four southernmost districts of Lake Huron. This depletion
was the result of the unreasonable increases in fishing intensity and hence in production
in these districts. In the northern portion of the lake where the  net was used more
moderately the decline in the abundance of whitefish was severe but it did not reach
such extremes as were found in the central and southern regions of the lake.

Largely for the sake of completeness the annual fluctuations of production, abun-
dance, and fishing intensity for all six districts combined have been presented graphically
in figure 11 (data from tables 5, 9, and 10). To some extent the data for the entire
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F1aure 11.—Aaaual fluctuations in the production (solid lioe) and abundance (long dashes) of whitefish aad in the iatensity of the whitefish fishery
(short dashes) ia Lake Huron (all six districts combined), 1929-1939.

lake lack significance as the combination of the data for alt districts obscures the extreme
nature of the fluctuations that took place within the individual districts. The data
serve chiefly to show that a relatively great abundance of whitefish contributed ma-
terially to the high production in 1930-1932 (especially in 1930 and 1931), and that
the decline in catch subsequent to 1932 would have been much more rapid had not the
intensity of the fishery been so great. Although the decline in abundance began in 1932
the intensity of the fishery inereased rapidly until 1933. Beyond 1932 the abundance
of whitefish was below the 11-year average and deercasing in every year. Fishing in-
tensity, however, did not return to the 11-vear average before 1937 or to the 1929 level
before 1939.

The question now arises, “What characteristics made the deep trap net so deadly
effective?” The tremendous production of deep trap nets was possible chiefly because:
(1) they can be set in deeper water, and hence in areas with greater concentrations of
whitefish, than can the pound nets; and (2) they arc much more efficient in taking
whitefish than are gill nets fished on the same grounds. Attention will be given first
to the advantages of the deep trap net over the pound net.
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In size and construction the pound net and deep trap net resemble each other so
closely that the latter gear was known in some localities as the “submarine pound net”
(p. 300). If the two gears are fished in the same depth of water neither has an impor-
tant advantage over the other.?® However, pound nets which are held in place by
stakes driven into the bottom of the lake, and have cribs or pots extending from the
bottom to above the surface, ordinarily cannot be fished successfully at depths greater
than 80 feet. Most pound nets are operated in much shallower water. Deep trap nets,
on the other hand, have covered cribs and are held in position by means of lines attached
to anchors and by buoys. Consequently, they can be employed at all depths frequented
by whitefish. The use of stakes also limits pound nets to areas with a soft bottom into
which stakes can be driven. Deep trap nets do not suffer from this limitation.

A further advantage of the deep trap net lies in its greater mobility. Pound nets
are fished in the same locality throughout the season (and usually year after year) but
deep trap nets can be moved much more easily and consequently can be fished in the
exact locations at which whitefish are found to be concentrated.

The vertical distribution of the whitefish will be treated in part III. Tt may be
stated at this time, however, that usually whitefish are readily available to pound nets
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Figure 12.—Comparisan af the manthly production of whitefish in the Michigan waters of Lake Huran in 1929 and 1931, to bring out the effects
of the deep-trap-net fishery an the seasonal distribution of the catch. Gill nets, long dashes; deep trap nets, short dashes; pound nets, shart and
long dashes; tatal productian, aolid line.

2 Field abservatians in northern Lake Michigan indicated that pound nets may take slightly more fish than deep trap nets fished at the same
depth. This relationship is not surprising since the paund net is a “lighter”” net (that is, the apen top permits the free penetration of light) and
would, therefare, be entered by fish more readily than the “'darker” deep trap net. Also see table 51, appendix C.
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TaBLE 12.—Monthly production of whitefish in Lake Huron, 1929 and 1931, in gill nets, deep trap nets,
pound nets, and all gears combined

[Percentages are io parentheses]

Production of whitefish in pounds in month

Gear Total
Jan, Feb. | March | April May June July Aug. Sept. Qct. Nov. Dec.
1929

Gill net._.____ [ 180 580 2,465 | 52,029 | 94,066 | 79,724 | 82,332 | 88,890 | 38,534 | 21,744 8,848 569 489,961
(0.0) 0.1) (0.5) (10.6) (19.2) (16.3) (16.8) (18.2) (12.0) (4.4) (1.8) (0.1) (100.0)
Deep trapmet_| ... | . .. ... {1,239 1,774 | 10,867 | 20,535 | 15,068 9,809 | 24,061 3,768 ... 87,121
(1.4) 2.0 (12.5) (23.6) (17.3) (11.3) (27.6) (4.3) oo . (100.0)
Poundmet .|| |o__... / 1,278 | 19,582 101,424 {165,066 | 33,145 | 163,763 244,055 | 91,878 2,505 823,698
| (0.2) 2.4) (12.3) (20.0) (4.0) (19.9) {29.6) (11.2) 0.4 (100.0}
All gears______|/ [ 180 580 2,468 | 57,764 | 117,463 | 193,906 | 276,917 | 137,161 | 233,074 | 302,087 | 130,694 4,074 1,456,368
(0.0) (0.0) (0.2) (4.0) (8.1) i (13.3) (19.0) 9.9 (16.0) (20.7) (9.0) 0.3) (100.0)
1831 1 . = | ordl . O .
Gill net..._ ... [ 390 317 | 4,663 | 82,423 | 124,071 | 112,776 {113,365 | 107,329 | 36,492 | 7.752 | 9,001 | 20,936 619,515
L (0.1 (0.1) 0.7) (13.3) (20.0) (18.2) (18.3) (17.3) (3.9) (L&) (1.5) (3.4) (100.0)
Deep trap net.|-- - |- |.ooaoan 1[/19,220 | 115,241 | 334,943 | 528,609 | 498,984 | 391,921 | 172,701 15,757 2,220 2,079,596
| (0.9) (5.6) (16.1) (254) (24.0) (18.8) (8.3) (0.8) 0.1) (100.0}
Poundmet_.__|. ... { 2 55 3,340 | 41,882 269,224 | 169,001 | 53,513 | 65,801 | 184,552 | 121,774 1,796 910,940
(0.0) (0.0) (0.4) (4.6) (29.5) (18.5) (5.9) (7.2) (20.3) (13.4) (0.2) (100.0y
All gears_____. [ 390 319 4,785 | 116,754 | 289,342 | 808,065 |961,095 | 709,469 | 501,894 | 441,501 |186,997 | 29,161 4,139,772

(0.0) 0.0) 0.1) (2.8) (700 | (19.5) | (23.2) | (17.2) | (143) | (10.7) i (4.5) 0.7) I (100.0)

|

only during limited periods, one in late spring and early summer and another in mid-
autumn. Many fishermen discontinue pound-net operations at other seasons. It is
truc also that even in periods of active operation the greatest concentrations of whitefish
may be at depths beyond the reach of pound nets. .

The offshore movement that leads to a concentration in relatively deep water in
the summer and early autumn exposes the whitefish to the inroads of the deep trap net
at the time it is most vulnerable. Formerly, the only toll on the whitefish in its summer
concentration was that levied by gill nets, and in the modern fishery of Lake Huron this
type of gear has not proved generally effective for the large-scale catching of whitefish.
The gill net is so ineffective for the eapture of whitefish under modern conditions that
gill-net fisheries are supported by this species alone only in very limited areas or over
extremely short periods of time (chiefly during the spawning season).?¢ The large-
mesh gill-net fishery is now conducted ordinarily for the capture of both trout and
whitefish or of trout alone, but very seldom exclusively for the taking of whitefish.??
The comparative ineffectiveness of gill nets made the time of summer concentration of
the whitefish a “semi-closed” season during which the species was in large measure
immune to capture. The introduction of the deep trap net made this same period the
season of maximum production. .

The effect of the deep-trap-net fishery on the monthly distribution of the whitefish
catch and the high production this gear made possible in the summer months may be
iHustrated by the data of table 12 and figure 12. The gill-net season extended through
the months, May-August, in both 1929 and 1931. (September was a fairly good month
in 1929.) No distinet peaks occurred in cither year. The pound-net catch, on the
contrary, was divided into two distinct seasons, each with a sharp peak. The early-
season maximum occurred in July in 1929 and in June in 1931. Both of the autumn
maxima were in October. The 1931 data® which show the more pronounced summer
depression provide the better description of the monthly distribution of pound-net pro-
duction because the 1929 early-summer peak was later and the September cateh was
relatively higher than usual. The data for both vears, however, have a distinct late-
summer minimum—August in 1929 and August-September in 1931.

The curve of total cateh in 1929 has a minimum in August corresponding to the
August depression in the pound-net data. A similar minimum would have existed in

28 When gill nets were fished on the spawning grounds the catches were sometimes enormous—thousands of pouads ia a single lift.
27 This statement holds true even in Lake Michigan where the gill net is normally the dominant gear for the productioa of whitefish.
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the curve of total produetion in 1931 if only gill nets and pound nets had been in opera-
tion. The deep-trap-net catch, however, changed the form of the curve eompletely.
This gear not only deprived the whitefish of its former temporary respite during the
period of habitation in deep waters, but actually exposed the fish to a far more severe
exploitation in late summer than it had previously suffered at any season. Irom these
facts 1t is obvious that effective regulation of the deep trap net must include the redue-
tion of its eatehes on the deep-water grounds on whieh whitefish congregate during late
suminer.

The summer assemblings of whitefish that made possible the great effectiveness of
the deep trap net seemingly were not as dense in northern Lake Huron as in the central
and southern regions of the lake. In each of the four southerly districts the average
catch per lift of deep trap nets exceeded 400 pounds in one year and was more than
200 pounds per lift in 2 or 3 years (table 11). In the northern districts the greatest
average catch per lift of deep trap nets was 168 pounds in H-1 and 142 pounds per lift
in H-2 (in 1930 in both distriets). The relatively poor suecess of deep trap nets is the
more remarkable in H-1 beeause that area under normal conditions had been an im-
portant and in many, if not the majority of vears, the leading center of whitefish
production in the lake. At any rate these small catehes per lift aceount for the more
moderate use of deep trap nets in H-1 and H-2.

A final point that deserves eonsideration is the possibility that mass migrations of
whitefish may have played a role in the shift from year to year in the center of the
deep-trap-net fishery. The failure of the grounds on which the deep trap nets first were
fished and the resultant necessity for opening up new areas gave an early indieation of
the disastrous results to be expeeted from the unrestrieted operation of this gear.
Deep-trap-net fishermen denied most vigorously, however, that their activity had eaused
any depletion on the grounds. They contended that the fish had not been eaught but
that they merely had migrated to another area. They held further that in changing the
eenter of the fishery they were only following the movements of the whitefish popula-
tion. In support of their eontention they stressed the argument that only mass migra-
tions could make possible sueh high produetion in southern Lake Huron (H-5 and H-6),
an area in whieh the cateh of whitefish hadalways been small.

The assumption of a mass migration of whitefish proceeding in the same direction
year after year runs counter to all known faects concerning the habits of the speeies.
Nevertheless, the possibility eannot be denied that extraordinary eonditions might bring
about unusual reactions on the part of the fish. The strongest argument against the
theory of mass migration lies in the fact that such an assumption is altogether unnee-
eessary. The heavy yield in southern Lake Huron in 1932 and later years was not
made possible, as fishermen econtended, by the influx of whitefish from more northerly
grounds. The reeords of the catch of gill nets per unit of effort (table 11) prove that
dense concentrations of whitefish had been present on the offshore grounds of H-5 and
H-6 for years before the deep trap net was introduced. In fact, the eateh of whitefish
per unit of effort of gill nets in H-5 exeeeded that in every other distriet during the
four years, 1929-1932. The cateh per unit of effort of gill nets in H-6 was greater than
that in any other distriet in 1933 and was second only to the catech per lift in H-5 in
1931 and 1932.

The large produetion of deep trap nets in H-5 and H-6 was made at the expense
of the reserve stock rather than of a population of recent migrants. The generally low
output of whitefish in southern Lake Huron prior to the introduetion of the deep trap net
can be attributed to a low fishing intensity. Gill nets, comparatively ineffective gear
for the capture of whitefish, aceounted for the bulk of the cateh (appendix B). Appar-
ently the relatively few pound nets were fished either at the wrong loealities or depths to
produee large quantities of whitefish. Actually, suitable loealities for whitefish pound
nets are searee in southern Lake Huron.

WHITEFISH FISHERY OF LAKE MICHIGAN, 1929-1939

The most important difference between the histories of the whitefish fisheries of Lakes
Michigan and Huron, 1929-1939, lies in the relatively limited development of the deep-
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trap-net fishery in the former lake. With the exception of the deep-trap-net fishery out
of Grand Haven, Mich., in 1934 (the deep trap net was the dominant gear for the pro-
duction of whitefish in M-7 in that year), significant operations with this gear were
confined to the extreme northern portion of the lake (M-1, M-2, and M-3). Deep
trap nets were introduced into M-1 and M-3 in 1930 and into M-2 in 1931. Even in
these northern districts the place of the deep trap net in the fishery resembled that
which it occupied in northern Lake Huron rather than in central and southern Lake
Huron. At no time did the deep trap net become the dominant gear for the capture of
whitefish in the Green Bay area (M-1). In M-2 and M-3 deep trap nets led other
gears in the production of whitefish in only two years (1932 and 1933 in both districts).
The use of deep trap nets in the Michigan waters of Lake Michigan became illegal
after 1935.28

The fact that the deep trap net did not disturb the whitefish fishery as seriously in
Lake Michigan as in Lake Huron makes it possible to follow a more or less natural
course of events subsequent to an abnormal increase in abundance. Comparisons with
the data on the whitefish fishery of Lake Huron should prove particularly instructive.

FLUCTUATIONS IN THE PRODUCTION OF WHITEFISH
IN LAKE MICHIGAN

The increase in the catch of whitefish that characterized the late 1920’s and early
1930’s in the various waters of the Great Lakes got under way early in Lake Michigan.?®
Production exceeded 2 million pounds in 1927 and was nearly 3 million pounds in 1928.

TABLE 13.—Production of whitefish in pounds according to gear in the State of Michigan waters
of Lake Michigan, 1929-1939

[Perceatages of annual yield ia pareatheses]

.

Production in gear
Total lncrease
Year annual or
Large-mesh Deep trap Pound Other production decrease
gill net net net
9 f 2,244,003 2,032,083 11,603 [\
1929 . \ (52.3) (1474 03) | 4,287,869 +1,331,723
2,339,162 135,634 2,328,326 9,703
L R — { A h e e asiaen +524,956
1,986,579 108,200 1421,576 7,619 »
Bl ooazoemazas { (51.9) (10.7) (37.2) 0.2) } 3,823,083 SES At
{ 1,564,505 856,804 | - 890,667 20,308
1932, c e { (16.9) (25.7) 26.7) (0.6) } 8,332,284 D
f 1,307,043 440,090 485,187 2,620 _
L 1 (53.4) (19.7) @17 .1) } 2,235,840 LOS6EE
' 1,001,074 398,635 531,070 1,399 _

R ooomomoooeones \ 51.8) (20.6) ©7.5) o ) 1,032,178 303,662
- f 911,079 211,246 301,367 8,032 . s
1038- oo { (63.6) (14.3) (21.0) 0.6) } 1,431,724 500,454

635,284 | 240,508 619 [i . _
BRG. oomemocooces { (T2s) |l ©27.4) ©.1) } 876,411 535,313
{ 709,515 236,527 825 . .
1937 { (74.9) (95.0) 0.1 } 946,867 ii70:428
765,418 351,447 216
1038 { i | e te | 1,117,079 +170,212
489,801 | 356,488 567 - .
1939 oo { (5 720y ) I (42.4) {0.1) } 839.856 277,223
Average..______.___ { 1,267,950 222,784 834,113 5,782 2,330,629 | .
\ (54.4) (9.6) (35.8) X T A E

2 Limited operations have heen carried on in the northera Michigan waters since 1933, with a modified deep trap net in which the crib or pot
exteads to the surface of the water and is opeo at the top. This arraagemeat has qualified the nets for legal defiaition as pouad nets with which gear
they have been grouped ia the preparatioa of this report.

2 lq this section the terms, "“Lake Michigaa’* and "the eatire lake,” refer to the State of Michigan waters oaly.
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In 1929, the first year for which detailed statistics are available, the cateh of whitefish
(4,288,000 pounds) was greater than that of any previous year, except 1889, for which
there are usable records (table 1). The increase over the take for 1928 was 1,332,000
pounds (table 13). A further rise of 525,000 pounds in 1930 brought the yield of
whitefish in Lake Michigan to the peak of 4,813,000 pounds.

Whitefish production declined continually throughout the next 6 years. The de-
ereases were large (average of 656,000 pounds per year). In two years (1931 and 1933)
the drop in cateh amounted to roughly a million pounds. In three years (1932, 1935,
and 1936) the decreases were approximately a half million pounds. The smallest drop
in production (304,000 pounds) in the 6-vear period oecurred in 1934.

The 1931-1936 decline in catch was followed by increases in 1937 (70,000 pounds)
and 1938 (170,000 pounds). A new drop of 277,000 pounds in 1939 earried the yield
to a level that was only a little above the lowest recorded for any previous year
(806,000 in 1920).

Great as the deeline in produetion was in Lake Michigan, the yield in 1939 amounted
to 17.5 percent of the 1930 maximum as compared with a 1939 eateh in Lake Huron
that was only 6.2 percent of the 1931 peak in that lake.

The records of the production of whitefish in deep trap nets (tables 13 and 14) con-
firm the earlier statement that the gear failed by far to become as important in Lake
Michigan as in Lake Huron. In Lake Michigan the deep trap nct accounted for only
25.7 pereent of the total catch in 1932, the year of its greatest suceess. This percentage
was less than that of pound nets (26.7 percent) and was far below the percentage for
gill nets (46.9 percent). In faet, the total quantity of whitefish taken by deep trap nets
in Lake Michigan in their 6 years of operation (1930-1935) was less than the amount
taken by the same gear in Lake Huron in each of the single years, 1932 and 1933. The
gill net was the most important gear for the capture of whitefish throughout the 11-year
period and accounted for more than 50 percent of the total yield in 9 years (average of
54.4 percent for 1929-1939). With equal consistency the pound net held seeond rank,
and accounted for 35.8 percent of the 1929-1939 take.

TaBLE 14.—Production of whitefish in pounds in deep trap nets in Lake Michigan, 1930-1935 (use of deep
trap nets illegal after July 1, 1935)

[In parenthcses, the deep-trap-net production cxpressed as a percentage of the total whitefish production]

Production in deep trap nets in year
District or arca | Total
1930 1931 1932 1933 1034 1933
Melo | 37,655 111,523 191,979 77,161 56,918 22,783 498,019
\ (3.5) (9.3) (21.1) (32.4) [C10) 1N I
L D S { 13,645 59,303 30,753 11,580 3,621 118,902
(18.7) (61.0) (72.7) (43.0) oo
MoB | 97454 273,282 596,246 318,260 251,012 177,374 1,713,628
\ (4.0) (19.8) . (40.0) (35.7) (€17 O I
Y O S I 174 1,218 1,569 249 4,380 7,509
Lo m \ o 0.2) (1.5) 3.1) [(10:) 1 R, PR S
ichigan (M-1, M2, M-3, - R
N(;r:deih)a..? hch Mn( . l . l % | 135109 308,624 848,746 427,743 319,759 208,167 2,338,148
\ (3.6) (14.5) (33.0) (35.0) (29.0) |ooooo |
Central Lake Michigan (M-8). oo oooo|ooooooo | { v 73.3&’;»' . 3
7 0.7 |.--
Mobemme o 525 S.877 i 2,625
10.2) 3.5) (0.2) (6.0)
3 O R I { 347 3,819 6,240
(0.3) (8.0) (4.0)
M-8 361 269 ||| 630
(0.3) (0.4) |- |
Sou;hern Lake Michigan (M-6, M-7, and = e e P . 200 o
RN A . i .. ... o yJ 74 » (R} Mi N
1 (0.1) (1.9) (2.2) (1.8) (SR T P F
Lake Michigan (all 8 districts). ... 135,634 408,209 856,804 440,090 398,635 211,246 2,450,618
(2.9 (10.7) (25.7) (19.7) (P70 1:) I I A,
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The deep trap net became the dominant gear for the taking of whitefish in only
three (M-2, M-3, and M-7) of the eight districts of Lake Michigan (table 14 and
appendix B) and maintained that position in the first two districts only 2 years (1932
and 1933) and in M-7 only 1 year (1934). With the exception of the fishery in M-7 in
1934, deep trap nets were operated only sporadically in waters south of M-3.

Although the actual yield of whitefish in each district and the percentage distribu-
tion among the several districts of the total for the lake both varied rather widely in
Lake Michigan during the period, 1929-1939 (table 15), there is no evidence of a shifting
of the center of production comparable to that which took place in Lake Huron. For
example, M-3 did not relinquish once its position as the most productive district of the
lake; neither did northern Lake Michigan (M-1, M-2, MNM-3, and M—4) fail in any year
to account for more than 50 percent of the catch of the entire lake.

TaBrLe 15.—Total annual production of whitefish in pounds in the different districts and areas of the State
of Michigan waters of Lake Michigan, 1929-1939

[Each total is expressed also as the percentage (in parentheses) of the production of the entire lake]

Total whitefish production in year
District or area ] y [ Average
1929 | 1930 | 1931 | 1932 | 1933 | 193¢ | 1935 | 1936 | 1937 | 1u38 | 1939
! \

M-t |/1,139,628] 1,075,748{ 1,194,960 910,106 238,169 263,005 174,637 90,203 104,384 354,235 237,509 525,736
“““““““ 268 | (224 | Gy | @rd | a0 | a3d) | a2 | aed) | arh) | @Lh | @esd) | @26
M2 [ 90019 100625 SL618 07,248 42,277 26,858 46264 46463 3L4gT| 20221 15402 54,772
soomeemmmm=o(2) (2.1) .1) ‘ (2.9) (1.9) (1.4) (3.2) (5.3) (3.3) (2.2 (1.8) (2.3)
M3 112,202,064 2,460,636 1,380,450 1,489,472 500,899 761831 749, 000 445067 430015 ATTT6| 423405 1,008627
""""""" (6L | GLD | Bed) | WD | (98 | oA | G24) | G0 | (i) | @b | 30D | (59
M4 e SLIG S5 TRTTH SLO 48360 ATOTY 62 ddsen 209 sLie 57,113
""""" lah ] oah ) oed oed | oeh !l oedh | @d | 6h | @ | @26 | @GS | @

Northern Lak ' ‘

Michigan (M-1, |/3:504,340) 3,721,148 2,741,200/ 2,575,507 1,222,353 1,100,063 LOISSH5 - 635,560 630,567 905,481 710,173] 1,706,248
M2, N3, & M|\ (LD | @rd | Tauh) | Tais) | Gah | 1569 | (Tl 2.9 | 666 | (LD | (346 | (733)
Central Lake [{ 251,620 250,701 580,536 538,573 529,697 208,407 208,507 193,801/ 267,385 139,658 07,268 317,686
Michigan (M-5)__(l 66 | (& | (152) | (168 | @37 | (155 | 046 | 2D | 233 | (7.0 | (1L | (3.6
M6 103397 222,148 252015 85080 43,181 37450 24861 14063 11,100 6787 4,853 73,158
"""" Led | wh | eh | ey | oav | ad | ah | ae | ad | oh | 0d | 6
MT. 130,600 47760 107,206 47034 157608 100552 30505 5212 8017 1137 1537 103,35

““““ @3 | @H | @y | ad | @b | 09 | @ | 06 | 08 | b | 03 | @
M-8 (255,220 141,088 142,936 65,100 282,008 305,586 149,003 19466 23,495 14,016 26,225 130,148
""""""" ©0) | @d | @b | oedh | 4286 | 458 | b | @2 | @b | ad | @) | 68

outhern Lake | |
Michigan (M-6, |/ 498,909 810,976/ 502,157 108,114 483,788 533,618 204,372 38,741 48,615 21,940, 32,415/ 306,695

|
157
M-7, and M-8)___/| (11.6} (16.9) l13 1) \ (0 9) (21.6) (27.6) (14.3) (4.4) (5.1} (1.9) (3.8) [ (13.2)
Lake Michigan (all | > _\ ' - - -
8 distriets)_._.._. 4,287,869( 4,812,825( 3,823,983( 3,332,284| 2,235,840 1,932,178| 1,431,724 876,411 946,867 1,117,079 839,856, 2,330,629
Percentage of aver- ‘
B8 omeee- 184 206 ; 96 83 61 38 11 48 36 |-

Nevertheless, the relative importance of the districts varied considerably. M-3
produced as little as 36.1 percent (1931) and as much as 52.4 percent (1935) of the
total catch of whitefish in the lake. In M-1, the district that ranked second in average
yield, the percentages ranged from 10.3 (1936) to 31.7 (1938). The district that
ranked third in average production (M-5) yielded from 5.8 percent (1930) to 28.3 per-
cent (1937) of the total for the lake.

The percentage contributions of the less important districts varied relatively more
widely than did those for the more productive areas. The greatest relative variation oc-
curred in M-7 which produced 9.9 percent of the 1934 total but only 0.1 percent of the
1938 catch. However, among the five districts that each accounted for less than 10
percent of the 1929-1939 average only one (M-8) produced more than 10 percent of
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the total for the lake in any single year (percentages of 12.6, 15.8, and 10.4 in 1933,
1934, and 1935, respectively).

Compamson of later and earlier production of whitefish in the various districts of
Lake Michigan (tables 15 and 16) reveals that M-3 contributed an even higher per-
centage of the total for the lake in 1891-1908 (59.5 percent) than in 1929-1939 (45.9
perecnt) M-2 and M-4 also accounted for higher percentages of the total in the

earlier period (7.4 and 7.3 percent, respectively, as compared with 2.3 and 2.4 percent).

However, the percentages for these two districts may be too high for the years, 1891-
1908. As stated in footnote 23, the division of the catches for the early period was
based on the home ports of the fishermen, not necessarily on the actual location of their
fishing grounds. In recent years, at least, numbers of fishermen who operate from
ports of M=2 and M—4 have done part of their fishing in other districts (ebiefly in M-3).
It is believed that the data for the remaining districts were not affected greatly by the
separation of the catch of the earlier years aecording to the port from which the fisher-
men operated.

TABLE 16.—Production of whitefish in pounds in Lake Michigan according to statistical districts, 1821-1908

Statistical district {

Year i | i Total
| M-1 M-2 | M-3 M-4 | M-5 M-6 M7 M-S
. ‘ w | ‘ .
|

78,140 237,000 1,521,101 | "')0 100 I 41,050 | 17,100 | 5,500

148,600 325,650 | 1,477,412 5 d 41,100 11,000 20,615 |

123,150 83,000 | 1,326,900 137, 07(] 19,500 | 27,500 25,100

89,050 41,100 | 801,750 146,500 8,730 31,450 29,925

71,850 18,500 | 631,550 109,990 7,400 21,150 24,300

88,600 148,000 863,400 §6,600 10,000 13,350 26,600

83,570 180,000 1,762,900 24,300 | 13,700 6,053 26,730

85,050 302,100 1,504, ‘100 84,200 | 16,700 6,550 17,600

111,560 104,100 | 87,500 12,350 2,500 25,100

83,350 140,500 | 104,000 16,100 | 3.100 24,750

47,700 146,100 148,700 8,700 | 5,900 18,650

140,150 177,500 200,500 10,000 3,400 23,000
228,200 166,000 148,500 17,100 6,200 20,700
253,000 158,000 282,500 33,000 19,100 51,100
348,000 184,000 218,000 62,600 73,500 08,700 570,
291,800 89,500 322,300 322 500 { 77,300 170,300 15.,300 2,820,700
291,700 179,000 214,100 330,000 139,300 20.),-’)00 134,700 3,273,800
222,500 280,400 | 145,424 337,116 | 83,700 $3,500 142,000 y 3,106,005

Average.________ 159,221 164,963 163,137 | 250,009 34,352 43,153
|
Percentage_ .. ___ 7?2 T«I| 595 | 73 129 lﬁ‘ 19 22 SR

M-1, M-5, M-6, M-7, and M-8 viclded smaller percentages of the total catch of
whitefish in 1891-1908 than in 1929-1939. Espeeially noteworthy are the comparative
yields for M-1 which accounted for only 7.2 percent of the early total catch as against
22.6 percent of the recent production, The change was not large in M-5 (12.9 percent in
the early period; 13.6 percent in the recent). The percentages were considerably lower
in 1891-1908 than in 1929-1939 for all three distriets (M-6, M-7, and N-8) of southern
Lake Michigan (1.6, 1.9, and 2.2 percent as compared with 3.2, 4.4, and 5.6 percent).

Despite the changes just deseribed in the nercentage distribution of the catch of
whitefish according to distriet, the most productive areas of the earlier years seem to be
in general the best areas of recent vears. This conclusion is supported by the following
comparison of regions of the lake:

Area ‘ Percentage of total whitefish production
|
1891-1908 1929-13939
Northern Lake Michigan (\1 l M-2, M3, M-D 81.4 73.2
Central Lake Michigan (M-5 o 12.9 136
Southern Lake Michigan (M-ﬁ M-7, M-8)__ 5.7 13.2
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CHANGES IN PRODUCTION IN LAKE MICHI1GAN AS RELATED TO
FLUCTUATIONS IN THE ABUNDANCE OF WIIITEFISH
AND IN THE INTENSITY OF THE FISHERY

In Lake Michigan as in Lake Huron the abundance of whitefish was abnormally
high near the beginning of the 1929-1939 period. The peak of abundance occurred a
year or two earlier in the more productive areas of Lake Michigan than in Lake Huron.
The abundance of whitefish was greater in 1929 than in any other of the 11 years in each
of the four districts of northern Lake Michigan, a region that accounted for 73.2 percent
of the 1929-1939 production. The maximum abundance occurred in 1929 in M-8 also.
The large increase in catch in 1929 (table 1) suggests strongly that the abundance in
this year was greater than that in 1928 and hence constituted the maximum for the
modern fishery. (Certainty on this point is not possible as the intensity of the fishery
in 1928 is unknown.) The maximum abundance of the 1929-1939 interval occurred
later in the remaining districts (1930 in M-6 and M-7, 1931 in M-5). However, these
districts were relatively far less important in the fishery of the entire lake than were
those in which 1929 was the year of peak abundance. TLake Michigan resembles Lake
Huron again in that a decline from the high level of abundance that existed early in
the period was to be expected.

These resemblances between the data for Lake Michigan and Lake Huron are
fortunate, as they make possible a comparison of the course of the decline in Lake Michi-
gan, where the whitefish fishery was not disturbed violently by the use of deep trap nets,
and in Lake Huron where the introduction and widespread use of that new and efficient
gear brought about an utterly chaotic condition in the fishery. Accordingly, compari:
sons of data for Lakes Michigan and Huron are emphasized in the present section.

Several reasons may be advanced to account for the failure of the deep-trap-net
fishery to develop as extensively in Lake Michigan as in Lake Huron: (1) no exten-
sive or good whitefish grounds are found in Lake Michigan south of Frankfort; (2)
pound-netters and gill-netters rather than trap-nctters were dominant on Lake Mich-
igan and opposed the use of deep trap nets (the Lake Huron deep-trap-netters who
entered M-7 in 1934 were driven out by local fishermen; shortly thereafter the Lake

TABLE 17.—Annual fluctuation in the catch of whitefish per unit of fishing effort of gill nets, deep trap nets,
and pound nets in the various districts of Lake Michigan, 1929-1939

District 1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 Average

Pounds of whitefish per 10,000-foot-lift of gill nets

183 4 150 0 131 0 116 3 71 4 100 2 105.2 76 5 .7 119.7 740 109 ©
69 4 63 8 44 3 27.0 15.3 19.5 49 .4 43 0 321 26 2 24 4 37.7
138 9 131 6 87 6 89.9 70 4 0 85.8 59 0 54 6 48 6 47.3 80 7
52.0 50 1 60.0 48 2 377 29 4 34 5 48 3 25 7 25 3 25.8 39 7
103 9 85 § 127 1 110 6 104 1 78 4 56.5 57 1 60 2 46.9 313 78 4
550 65.4 756 40 1 37.5 31.9 315 14 5 22 6 14 9 17 0 369
132.5 161.5 728 92.4 193 133 3 156.5 128.8 133 1 76 4 710 122 9
156 7 117.6 111.6 81 5 160.2 141.9 102 0 48 7 751 70 8 79.1 104 1
Pounds of whitefish per lift of one deep trap net
46 91 1 95 0
68 1 43 1 134 .8
121 8 94 6 05 9
118.2 ... .. 118 2

Pounds of whitefish per lift of one pound net

88.7 104 5 741 41.0 56 0 41.8 17.6 38.0 53.9 63 0 65 6
85 9 T | | | | | B | e | 136.1
148 8 96 0 80 0 85.6 98 5 92 4 85 3 815 80 0 76 97 9
710 57 7 63 3 67 7 63 0 54 3 56 7 63.6 315 10 7 58 4
134 2 159 2 106 § 145 0 71 4 736 60 5 65 2 &4 1 539 97.9
261 7 126 9 55 2 26 6 41 2 34 2 84 7 |ooaoai--- 121 8 550 89.7
195 4 59 8 257 39 4 61 1 110 88 13.1 12 7 92 49 0
243 1 136 () | S 376 3.7 290 541 W ||cccooscos 13.4 83 4
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Michigan fishermen were able to abolish the net from their waters by law); (3) the
summer aggregation of whitefish occurs in shallower water in Lake Michigan than in
Lake Huron and hence the Lake Michigan fish never moved beyond the reach of pound
nets to the same degree as did those in Lake Huron; (4) the deep-water population of
whitefish available to the deep trap nets was less dense in Lake Michigan than in
Lake Huron, hence in contrast to the situation in Lake Huron the deep-trap-net lifts
did not always average much larger than those of the pound nets. (See, for example,
M-1 and M-2 for 1931, table 17.)

Although the deep trap net usually took more whitefish per lift than did the pound
net in Lake Michigan, and from this point of view may be considered to have been very
effective and successful, in no distriet of the lake did the catch per lift of deep trap
nets approach the level that it attained in the four southerly districts of Lake
Huron (tables 11 and 17). The average catch per lift of deep trap nets in Lake Mich-
igan reached values of 257.5 pounds in M-2 in 1932 and 184.4 pounds in the same dis-
trict in 1931. Operations were limited, however, in M-2. In M-1 and M-3, where deep-
trap-net operations were more extensive, the greatest average catches per lift were 131.7
pounds (M-1 in 1930) and 164.9 pounds (M-3 in 1932). These values were far below
the greatest averages in the districts of central and southern Lake Huron (402.5 to
476.1 pounds per lift), but compared favorably with the maxima in northern Lake
Huron (167.7 pounds per lift in H-1 in 1930; 141.9 pounds per lift in H-2 in 1930).
The deep trap net was relatively unsuccessful in southern Lake Michigan also, for the
only significant operations with the gear (M-7 in 1934) yielded an average of 118.2
pounds of whitefish per lift.

To be sure, the deep trap net was introduced into northern Lake Michigan after
the peak of abundance of the whitefish had passed. The examination of the abun-
dance percentages of table 21 suggests that if this gear had been fished in 1929, the
year of high abundance, the average cateh per lift in that year most probably would
have exceeded the highest yields listed in table 17 for deep trap nets in cach of the
northern districts. On the other hand, abundance percentages may not validly serve
as an exact index to the average size of a lift since the fluctuations in the catch per
lift of this gear did not always correspond with those in abundance subsequent to 1929.
For example, the average catch per lift of deep trap nets in M-1 decreased in 1931 and
inereased in 1932 despite the fact that abundance remained practieally unchanged in
1931 and fell in 1932. Again, the highest vield (257.5 pounds per lift) of the northern
area occurred in a distriet (M-2) when abundance was norinal (1932).

As the average deep-trap-net lifts were small in comparison with those of ecentral
and southern Lake Huron irrespective of how much abundance was above average,
the conclusion appears valid that in northern Lake Michigan as in northern ILake
Huron the deep trap net was far less suceessful than it was in central and southern
Lake Huron.

The maximum and 1939 percentages of production, fishing intensity, and abun-
dance in table 18 have been computed with respect to average conditions in 1929-1939.
The eorresponding estimates for Lake Huron (table 7) were made with reference to

TABLE 18.—Maximum and 1939 produetion and abundanee of whitefish and maximum and 1939 fishing
inlensity for whilefish

[Expressed as percentages of the average 1929-1939 values in each statistical district of Lake Michigan]

Production Intensity | Abundance
Year of Year of { Year of
District maximum |T | maximum [T maximum

production Maximum 1939 intensity Maximum 1939 abundanee Maximum 1939
)5 I 1931 2074 45 | 1931 196 { 65 1929 170 81
M-2________ 1930 184 28 1932 180 41 1929 189 69
M-3_ 1930 230 40 1930 159 65 1929 166 67
M4 1931 148 36 1931 127 88 1929 127 66
M-5.. 1931 183 31 1932 129 T 1931 162 41
M-6.. - 1931 345 7 1931 242 16 1930 209 33
M7 1930 433 1 1930 2l 7 1930 222 83
M-8__ 1934 235 20 1934 215 34 1929 151 71
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conditions in the single year, 1929. The figures for this year were taken as the most
nearly “normal” data available (p. 323). The computation of the above percentages for
Lake Michigan also with respect to 1929 conditions would not have been valid because
production, abundance, and almost certdinly fishing intensity, as well, were above
normal in Lake Michigan in that year. On the other hand, the data for the period,
1929-1939, were not greatly, if at all, distorted by the deep-trap-net fishery in Lake
Michigan. Furthermore, these 11 years included periods of high, moderate, and low
production and apparently also periods of high, moderate, and low abundance and
fishing intensity. Consequently, the 11-year averages have been taken as the most
nearly normal bases available for the estimation of the maximum and 1939 percent-
ages of production, fishing intensity, and abundance for the Lake Michigan whitefish.
It is believed that this variation of procedure has made the data of tables 7 and 18 as
ncarly comparable as is possible.

In comparison with Lake Huron the maxima of yields in Lake Michigan were
relatively small. The maximum exceeded 3 times the assumed normal in only two
districts (433 percent in M-7 and 345 percent in M-6). Of the remaining six dis-
tricts the maximum production was greater than twice the normal in three (M-1, M-3,
and M-8), was between 14 and 2 times the normal in two (M-2 and M-5), and was
less than 14 times the normal in one (M—4). In Lake Huron, on the contrary, the
relatively lowest maximum yield was 263 percent of the 1929 catch (H-1) and the
maxima 1n the remaining districts ranged from 317 in H-2 to as high as 2,662 in H-5.
This comparison lends additional strong support to the belief that the use of the deep
trap net brought about an excessive increase in yield in Lake Huron, especially in
the four southern districts.

The maxima of fishing intensity were relatively lower in Lake Michigan than were
the maxima of production. The peak fishing intensity was more than twice the normal
only in southern Lake Michigan (M-6, M-7, and M-8). The five remaining percent-
ages were all below 200, and two of them (N4 and N-5) were less than 150. In
L.ake Huron the maximum percentage was more than twice the normal in every district;
in the four southerly districts the maxima ranged from roughly 4 to 42 times the normal.
Again the comparison of data for Lake Michigan and Lake Huron supports tle earlier
conclusion, namely, that the deep-trap-net operations led to an abnormally increased
fishing intensity in Lake Huron with the increase greatest in the central and southern
regions of the lake.

The maxima of abundance of whitefish were relatively higher in Lake Michigan
than in Lake Huron. In two distriets the percentages exceeded 200 (M—6 and M-7);
of the remaining six districts the percentages were above 150 in five and below 150 in
only one. The corresponding percentages for Lake Huron were all below 150. These
low values of the maximum abundance of whitefish in Lake Huron suggest the possibility
that abundance in 1929, the year taken as normal, may have been somewhat above
normal as well as above the Lake Huron average for 1929-1939. An alternative explan-
ation is offered by the possibility that, in some districts at least, a higher maximum
abundance might have been attained if fishing intensity and production had been less.

The cstimates of the 1939 conditions in Lakes Michigdn and Huron in relation to
the assumed “normals” for the lakes provide further striking comparisons. Production
was at a low level in both lakes in 1939. In Lake Michigan, however, only two dis-
tricts of eight had yields below 20 percent of normal, whereas in Lake Huron three of
the six districts were below that level. Three of the Lake Michigan districts had per-
centages of 40 or above; in Lake Huron the only production greater than 40 percent
of normal (46 in H-6) was made possible by reason of a fishing intensity that was
more than 4 times the normal.

Fishing intensities in 1939 were generally relatively lower in Lake Michigan than
in Lake Huron. In five of six districts of I.ake Huron the intensity of the fishery for
whitefish was 50 percent or more of the 1929 “normal”; in 2 districts (H-5 and H-6)
the intensity in 1939 was more than 4 times the normal. The intensity of the white-
fish fishery in Lake Michigan was above 50 percent of normal in only four of eight
districts and was only 88 percent in M-4, the district with the most intensive fishery.
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The comparison of the relative abundance of whitefish in Lakes Michigan and
Huron in 1939 provides an explanation for the fact that the percentages for production
were the higher in Lake Michigan in that year despite a relatively more intensive fish-
ery in Lake Huron. The abundance of whitefish was below normal in 1939 in every
district of Lake Michigan. However, the percentage was below 50 in only two of the
eight districts (M-5 and M-7) and was below 60 in only three (M-5, M-6, and M-7).
In Lake Huron, on the other hand, the abundance of whitefish was less than 50 per-
cent of the 1929 “normal” in every distriet, and was so low as to suggest the virtual
disappearance of the species from the four most southerly districts. Thus it seems
that where the whitefish merely declined in abundance in Lake Michigan the species
approached extermination in most of Lake Huron.

The possibility that abundance may have been above normal in 1929, the “normal”
year of reference for Lake Huron, does not affect the validity of the preceding state-
ment. If it is assumed, for example, that the abundance of whitefish in Lake Huron
was 50 percent above normal in 1929, henee that the percentages for 1939 should be
inereased 50 percent, the following estimates are obtained of 1939 abundance as per-
centages of normal:

District Abundance District Abundance
JEI=] ... 62 ) 5 O S 10
H-2 ... 64 TEED oo 8
H=3 .l 9 H-6 ... 15

Even this increase leaves the percentages extremely low for the four southerly dis-
tricts, although the percentages for H-1 and H-2 are raised to a point corresponding
roughly with the general level in Lake Michigan.

The evidence that the use of deep trap nets in Lake Huron led to an excessively
great, and ultimately ruinous, expansion of .the whitefish fishery should not be taken
to signify that overfishing did not take place in Lake Michigan also. The capacity
for overfishing is not an exclusive characteristic of any one type of gear. Emphasis
has been placed on overfishing by the deep trap net merely beeause its extraordinary
efficiency made possible the extreme condition of overfishing observed in central and
southern Lake Huron. Obviously the removal of an equal quantity of whitefish by
any other gear would have proved equally disastrous.

Although the maxima of produetion were relatively lower in Lake Miechigan than
in Lake Huron, it must be considered probable that in some of the Lake Michigan dis-
tricts the catch of whitefish was sufficiently great to affect adversely the abundance of
the species in later years. In M-1, for example, the high fishing intensity (tables 19
and 20) that made possible the production of roughly a million pounds of whitefish in
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Figures 13 to 20 show the annual fluctuations in the production (solid lines) and abundance (long dashes) of whitefish and in the intensity of the
whitefish fishery (shart dashes) over the period, 1929-1939, in each of the eight statistical districts of Lake Michigan (see fig. 4). 1n each figure
the central horizontal line represents the average conditions for the 11 years, 1929-1939.

Figure 13.—First district, M-1.
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the four consecutive years, 1929-1932 (table 15), may well have contributed to the
sharp decline in abundance in 1933 (table 21). Similarly, in other districts the declines
in abundance that followed years of increased fishing intensity and high yields might
have been less severe had the fishery of the preceding years been less intensive. The
actual detection of the possible effects of high production on the abundance of white-
fish in later years is difficult, since in L.ake Michigan as in Lake Huron a decline from
the peak of abnormal abundance was to be anticipated whether or not extensive over-
fishing occurred. Furthermore, the data for Lake Michigan do not provide the sharp
contrasts that made the presence and effects of overfishing in Lake Huron =o casy to
detect. (Compare especially the annual fluctuations in the production and fishing
intensity in the various districts of the two lakes—figs. 5-10 for Lake Huron and
13-20 for Lake Michigan.)
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Fieure 14.—Second district, M-2.
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Figure 15.—Third district, M-3.
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Figure 16.—Fourth district, M4.
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Fioure 17.—Fifth district, M-3.
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Fieury 18.—8ixth district, M-6.
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Froure 19.—Seventh district, M-7.
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Figure 20.—Eighth district, M-8.

TaBLE 19.—Annual fluctuations in the intensity of the fishery for whitefish in each district of Lake Michigan

[Expressed as perceuntages of the average 1929-1939 intensity in the district]

Fishing intensity as percentage of average in year
District <

1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939
M-1 149 173 196 174 84 68 45 28 38 80 65
M-2 98 115 118 180 147 117 89 71 64 60 41
M-3 136 159 133 141 107 79 81 59 64 76 65
M4 104 125 127 123 85 85 85 95 93 90 88
M-5 70 82 116 129 128 100 94 90 113 101 77
M-6 135 201 242 160 89 82 57 57 35 26 16
M-7 136 271 165 98 150 214 28 14 12 3 7
M-8 152 99 114 74 183 215 139 36 36 18 34

TaBLE 20.—Annual fluctuations in the intensity of the whitefish fishery for all eight districts of Lake Michigan
combined (third row from bottom) and distribution of each year’s intensity among the disiricts

[The average annual intensity for the entire lake, 1929-1939, is 100.0. In parentheses are the intensity values of the deep-trap-net fishery.
The value of one nuit is 1/1100 of the total expected catch {p. 314) of all districts, 1929-1939)

Fishing intensity in year Pe;;:g;;{:; of
District nr area Total represented
1929 | 1930 | 1931 | 1932 | 1933 | 1934 | 1935 | 1936 | 1937 | 1938 | 1939 t‘;gpdg‘;lt's
42.3 377 18.1 14.7 9.7 6.1 8.2 17.3 140 237.7 } 9.9
(4.8) (7.0 6.1) (3.3) (Bl oo |-ommmod oo cococ|lbosaaas (23.5) .
31 46| 38/ 31| 23 18 17 16f 11| 287 Y
0.7) (2.3) (2.6) (1.7) (1) RO PR SO N (8.1) - i
M-3 { 63.6 74.7 62.6 66.1 50.4 37.4 37.9 LT 30.0 354 30.8) 516,611 154
"""""""""""""""" B.7F (L8| L] (9.4 (122 (W) ecoeoo )i |eaaao| (79.6)f ‘
M- 2,7 3.3 3.4 33 23 2.2 28 2.5 2.5 24 23 Ml
Northern Lake Michigan { 101.0f 118.5] 1114 111.7 74.6 57.4 5283 38.1 421 56.7 48.2[ 8122 13.7
(M-1, M-2, M-3, & M-4)||______ 4.9)) (17.3)} 30.7)| (28.1)] (17.2)] (130} ccocece|cm oo fomcaf e (111.2) -
Central Lake Michigan |
(M-5) ... 10.3 12.1 17.2 19.1 189 147 13.9 1382 16.7| 14.9 115) 1625 ... .. ___
M6 ... 34 5.1 6.1 1.0 2.3 2.1 1.5 1.4 0.9 0.6 0.4 28| .
M7 . 4.9 9.7 5.9 35 5.4 7.3 10 0.5 0.4 (12 0.2 39.4 74
M-S___________._: ...... 8.0 D8] 6.1 39 9.6 113 7.4 1.9 1.9 1.0 18 RN |
Southern Lake Michigan
(M-8, M-7, & M-8)____ 16.3 20.0 18.1 114 17.3 21.1 9.9 3.8| 3.2 1.8 24 1253 23
Lak.e Michigan (all 8 127.6| 150.6| 146.7] 142.2] 110.8] 93.2 76.0 55.1 62.3 73.4 62.1| 1,100.0! ‘ 10.4
districts) ... ... ...._.__|\______ (4.9) (17.3)| (30.7)| (28.1)] %(20.1)] (18.0)) -} ||l (114.1)|{ :
Perceutage of intensity
represented by deep
trapmets. ..o __|-..__._ 33 11.8 21.6 25.4 21.6 b 5 | R D SN P 104 ...

! {ntensity represeuted by deep-trap-net operations in M-7 in 1934 was 2.9,
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TaBLE 21.—Annual fluctuations in the abundance percentages for whitefish in the various districts and areas
of Lake Michigan, 1929-1939

{Expressed as percentages of average 1929-1939 abundance. In the computation of percentages for areas of more than one district and for the
entire lake the abundance percentage for each district was weighted according to the percentage of the total 1929-1939
production contributed by that district]

Abundance percentage in year

District or area T T
1929 1930 1931 1932 1933 [ 193¢ | 1935 1936 1937 1938 1939
170 137 135 113 63 86 | 24 7t 62 98 81
169 161 126 99 53 12 96 121 90 74 69
166 153 106 108 85 93 95 7 72 68 67
127, 123 | 120 114 104 102 | 92 107 86 59 66

Northern Lske Michigan (M-1, M-2,

M-3, and M-4) 166 150 116 109 8 93 92 78 70 7 7
Central Lake Michigan (M-5) 132 1 | 162 140 134 97 72 3| 77 ]‘ 61 41
M6 ... 144 209 190 101 56 78 82 17 59 51 | 53

136 222 56 60 135 117 133 54 91 33 33
151 131 13 ik 142 130 96 13 2 63 71
Southern Lake Michigan (M-8, M-7, | |

and M-8)______ . .. 144 180 123 78 126 113 105 50 75 52 | 34
Lake Michigan (all 8 distriets). ... 158 149 123 109 I 92 9% 9 | 3 2 i G2 { 65

|

A suggestion of overfishing is provided by the data for M-7. In this district the
greatest maximum yield (433 percent of the 1929-1939 average) was associated with
the lowest relative abundance (33 percent) in 1939 (table 18). Abundance in 1939
was low also in M—6 (53 percent), the district with the second highest maximum pro-
duction percentage (345). The maximum fishing intensity also was relatively high in
both M-6 and M-7 (242 and 271, respectively). On the other hand, the 1939 abun-
dance was low (41 percent) in M-5, where there was no indication of overfishing in
1929-1939 (maximum production, 183 percent of normal; maximum intensity, 129
percent of normal).

Although, as stated previously, overfishing cannot be disregarded as a possible
contributing factor in the decline in abundance of the Lake Michigan whitefish, there
can be no doubt that overfishing was relatively unimportant in Lake Michigan as
compared with Lake Huron. In the discussion of the data for Lake Huron emphasis
was placed on the unreasonable expansion of fishing intensity and especially on the
fact that this intensity remained abnormally high even in the face of decreasing
abundance. The data for Lake Michigan, on the contrary, reveal a much more rational
relationship between abundance and fishing intensity (and hence between abundance
and yield).

Despite certain cxceptions it can be said that in the Lake Michigan districts, as a
whole, periods of reclatively high abundance were also periods of relatively high fishing
intensity and production (tables 15, I9, and 21; figs. 13 to 20). It is truc that the
changes in fishing intensity tended to lag somewhat behind the changes in abundance.
Commonly the peak of fishing intensity occurred a ycar or two later than the peak of
abundance, and the subsequent decline in fishing intensity was delayed correspondingly.
Nevertheless, fishing intensity and yield were above average in a large majority of the
years in which the abundance of whitefish was above average, and, conversely, fishing
intensity and production were below average in the majority of the years in which the
abundance of whitefish was below average. There was a tendency also for the per-
centages of fishing intensity and catch to be greater than the abundance percentages
when abundance was above average and less than the abundance percentages when
abundance was below average. The curves of fishing intensity tended to lie outside
(with reference to the average) the curves of abundance, and the curves of production
tended to fall outside both the curves of abundance and fishing intensity.

The tendency for the Lake Michigan fishermen to regulate their fishing activities
according to the abundance of whitefish is brought out further by the fact that the
coefficient of correlation between the percentages of fishing intensity and abundance
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over the 11-year period (88 pairs of percentages) was 0.70. For Lake Huron, where
intensive fishing frequently was carried on despite a low abundance of whitefish, the
coefficient of correlation between the percentages of fishing intensity and abundance
(66 pairs of percentages) was only 0.23.

The statement that fishing intensity and production were better adjusted to the
abundance of whitefish in Lake Michigan than in Lake Huron applies to the data for
the entire lakes (table 22) as well as to the data for the individual districts. (Com-
pare also figs. 11 and 21.) In Lake Michigan the fishing intensity for whitefish was
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Figugre 21.—Annual fluctuations in the production (solid line) and abundance (long dashes) of whitefish and in the intensity of the whitefish fishery
(short dashes) in Lake Michigan (all eight districts combined), 1929-1939,

above average in every year in which the abundance was above average and was less
than average in 6 of the 7 years in which abundance was below average. Furthermore,
the intensity percentage exceeded the abundance percentage in 3 of the 4 years in which
abundance was above 100 but was less than the abundance percentage in 5 of the 7
vears in which abundance was below 100. Every year in which the abundance of
whitefish was above average was a year of greater than average production; the catch
of whitefish was below average, however, in cvery year in which the abundance of the
species was below average. The production percentage exceeded the abundance per-
centage in every year in which abundance was above average, but the former was less
than the latter in 6 of the 7 years with abundance below average.

TABLE 22.—Production and abundance of whitefish and the intensity of the whitefish fishery in the State of
Michigan waters of Lakes Michigan and Huron

[Expressed as percentages of the 1929-1939 average]

Year
Lake ltem

1929 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939
L Production. . ..______. 184 206 164 143 96 83 61 38 41 48 36
Michigan..__[{ Fishing intensity ______ 128 151 147 142 111 93 76 55 62 73 62
Abundance. ... 158 149 123 109 92 96 91 7 72 72 65
Produetion_ - _________ 68 134 193 189 155 120 88 67 48 26 12
Huron_._.__ Fishing intensity. . ... 46 69 100 120 155 125 139 e 100 88 46
Abuondanece.___.______ 152 195 195 140 89 77 67 61 55 38 31

Altogether different was the relationship of fishing intensity and production to the
abundance of whitefish in Lake Huron. In that lake the fishing intensity was above
average in 5 (cxactly 100 percent in 1 year) of the 7 vears in which abundance was
below average; furthermore, the intensity percentage exceeded the abundance percent-
age in every one of these 7 years. The catch also was disproportionately high in peri-
ods of low abundance. The catch percentage exceeded the abundance percentage in
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4 of the 7 years in which abundanee was less than 100. The circumstanee that fishing
intensity was so much below the maximum in the years in which the abundance of the
Lake Huron whitefish was above average should not be taken to indicate that the Lake
Huron fishermen were less prompt than the Lake Miehigan fishermen to take advantage
of this abnormal abundance. In faet, the fishing intensity rose sharply in Lake Huron
as the increase from 46 in 1929 to 100 in 1931 shows. The 1931 intensity was more than
twice that of 2 years earlier. The fishing intensity in these early years of the 11-year
period is represented by small percentages simply because the exeessive use of deep
trap nets led to a 1929-1939 average of fishing intensity that was far above a level that
eould reasonably be considered normal. 1t is doubtful whether without the use of deep
trap nets the intensity would have reached the high level reeorded for 1932, and much
less have risen to still higher levels and maintained itself above the 1932 intensity until
1936. These eonsiderations serve to bring out again the immensity of the overfishing
that oecurred in Lake Huron.

From the mass of evidence obtained from the statistical data of the whitefish
fisheries of Lakes Huron and Michigan the following general eonclusions may be drawn.

Lake Huron—The deep-trap-net fishery, expansion of which was fostered by an
abnormal abundanee of whitefish that reaclied its peak in 1930-1931, was the primary
cause of execssive overfishing in Lake Huron. This overfishing led to the collapse of
the whitefish fishery in central and southern Lake Huron and eontributed to the
decline of the fishery in the northern part of the lake.

Lake Michigan.—A similar abnormal abundance of whitefish in Lake Miehigan,
with the peak probably in 1929, was accompanied by increases in fishing intensity
and production. Although this intensive fishery may have affected adversely the
later abundance of whitefish, there is no evidence of overfishing eomparable to that
which oecurred in Lake Huron. The deeline of the whitefish in Lake Michigan was
pronounced but not disastrous. The difference in the course of the fishery in the two
lakes can be attributed to the relatively limited use of deep trap nets in Lake Nichigan.



PART 111

BATHYMETRIC DISTRIBUTION OF WHITEFISH AND OF CERTAIN
OTHER SPECIES IN THE SHALLOWER WATERS OF
LAKES HURON AND MICHIGAN

The following sections are based on counts of whitefish and certain other species
in 456 lifts of pound nets and deep trap nets in Lake Huron and 380 lifts in Lake
Michigan in the years, 1931-1932. The original compilations of the data were much
more detailed than those presented here. The tables showing the bathymetric distri-
bution of the fish represent combinations of large-mesh (4 inches and larger, stretched
measure) and small-mesh (less than 4 inches) nets of different dimensions, of different
fishing grounds in the same general area, and of data for corresponding months in 1931
and 1932. However, these combinations were made only after a careful examination
of the material demonstrated that the condensed data did not lead to conclusions that
were at variance with those that would have been drawn from more detailed infor-
mation.

In the main, the data have been compiled according to 10-foot depth intervals.
However, for species other than the yellow pike, all lifts of nets from depths of 40 feet
and less have been combined, as have also those from 41-60 feet. In deep water
all lifts from more than 120 feet (more than 110 feet in Lake Michigan) have been
combined. The greatest depth in which a deep trap net was set, so far as we know,
was about 160 feet. This net was set in lLake Huron. Seldom were deep trap nets
placed in water deeper than 140 feet. In Lake Michigan the whitefish grounds were
located in much shallower water. Although a few pound nets set in more than 60 feet
of water were visited and a few deep-trap-net lifts from depths of 60 feet or less were
observed, for practical purposes the 60-foot contour may be considered as the line of
separation of the two types of gear. The change from pound nets to deep trap nets at
a depth of about 60 feet should not affect the value of the data, since we did not find
any important differences in the cateh of pound nets and deep trap nets that were
fished in the same depth of water. All lifts observed from depths of more than 120
feet were made in Lake Huron.

As a convenience in reading the tables, asterisks have been employed to designate
those depth intervals that contained the more significant peak concentrations of fish.
As an additional convenience, whitefish and yellow pike frequently will be termed
mercly “legal” and “illegal” fish on the basis of a 2-pound and 1%%-pound size limit,
respectively, which limits were in effecet in Michigan at the time of the investigation.

BATHYMETRIC DISTRIBUTION OF WHITEFISH IN LAKE HURON
NORTHERN LAKE HURON (CHEBOYGAN AND ROGERS CITY)

The number of lifts (20) of pound nets and deep trap nets observed in northern
T.ake Huron was insufficient to provide reliable data on the bathymetric distribution of
the whitefish. The largest lifts of legal-sized whitefish were taken from depths of 71-80
feet in July and August and of 61-70 feet in September (table 23). The greatest
numbers of illegal-sized fish occurred in lifts from 71-80 and 91-100 feet. (Only
one lift from the latter depth was observed.)

ALPENA-OSSINEKE GROUNDS

Although a fairly large number (158) of pound-net and deep-trap-net lifts was
examined on the Alpena and Ossineke grounds, the scarcity of data for the shallower
water makes a detailed description of the depth distribution of whitefish in this area
impossible (table 24). Nearly half of the lifts were from depths of 111-120 feet and the

348
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bulk of the remainder were from depths of 81-110 feet.
able for all waters.

349

For no month were data avail-

Outstanding features of the Alpena-Ossineke data were the com-

parative scarcity of legal whitefish and the great abundance of undersized individuals.

TABLE 23.—Number of legal and illegal whitefish per lift of pound nets and deep trap nets in northern Lake
Huron (ports of Cheboygan and Rogers City), 1931-1932

[Number of lifts in parentheses. Asterisks indicate concentrations]

Number of legal whitefish per lift Number of illegal whitefish per lift
at depth (in feet) at depth fia feet)
Month Month

41-60 61-70 71-80 81-90 | 91-100 41-60 61-70 71-80 §1-90 { 91-100
July . 200 512 SR S S July o { 46 5 00 || ...
\ @ (S5 I RO P 2) [£ 2 T R R,

Avgust .o . ool { 190 30 120 August. ..o o ). { 88 0 17 5 69 0

(2) 2) (1) (2)) (3 1)
Septemher_________. { 90 26 2 B8 |centra N September...._______|] 60 5_8 57 [ S|
(9] (5) (3)) I IS | ST ¢ ) 3) (3)) | 222 S S S
Average. ... { 90 24 4 31 1* 30 120 Average.......______|[ 60 17-4 39 2° 17 5 690 .

1) n 9) (2) 1) Il (1) (V) 9) 2) (1)

TasLE 24.—Number of legal and illegal whitefish per lift of pound nets and deep trap nets in the Alpena-

Ossineke area, 1931-1932

[Number of lifts in parentheses. Asterisks indicate coacentrations]
Number of legal whitefish per lift at depth (in feet}
Moath
41-60 61-70 71-80 81-90 91-100 101-110 111-120 >120
May e e { 200 |oooooioo.. 20 0 340 54 0°
@) |posscoscaces 1) (23) (4)
Jumeo ... { 98 90 | 390 23 0 23 7* 147 150
(4) () I PO (43} (1) (6) (18) (5)
July oo { ZNONN{ I 24 0 43 2¢ 373 12 6 36 0°
(€1 I P (1) (3) (12) (£} (23)
August_ ... ... ... 420 10 (R 7 50 4 43 210 35 2*
2) (1) (7) 19) (3) 5) (10)
September. e e e e e 9(2 8 19.‘3&05'
3) 2) S scoc
AVerage. ... ooooooeooo. 19 6 10 0 84 2° 15 6 37 X 350 345 | 323
(7) 2} (8) (16) (16) 1) {76) (9
Number of illegal whitefish per lift at depth fin feet)
Moath
41-60 61-70 71-80 §1-90 91-100 101-110 111-120 >120
May e e oo e A (SR { 290 |_ceeeeeaoo 243.0 255 §° 239 2
(05 IR (1) (@3 1)
June .o .... 106 0 109 0 311 0 163 0 190 0* 64 2 62 8
) (1) (1) (1) (6) (18) 5)
Eo T 2620 | 95 0 195 8° 17 8 523 690° |
i { (€ ) I P, (n (5) (12) (7) (0.7 I I
Al b o e e 173 0* 86 0 57 114 1* 387 36 4 66 5° | ...
e { 2 (1) (M ) 3) (5) (10) |-
September. .. .| e { 33( 4 92(2§. ............
£) M I ¢ N P,
N 147 4 97.5 78.1 158 5° 105 8 S7 4 124 7 141.2
o { ()] 2) 8) (16) (16) (24) (76) (9)
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Distribution of legal-sized whitefish—1n May the average numbers of legal white-
fish taken in 111-120 feet and in “deep- water” (more than 120 feet) lifts were above
those of the single lifts from 81-90 and 101-110 feet. In June, however, the average
eatelies of the nets from the deeper water were exceeded by the cateh of the 6 nets set
in 101-110 feet. The 5 lifts in shallow water (41-70 feet) averaged anly 9.0 and 9.8 fish
for the two intervals involved. The largest average lifts in July occurred at depths of
81-90 feet (43.2) and 91-100 feet (37.3). However, the average number of fish in
lifts from 111-120 feet was almost three times that of lifts from the 101-110 foot in-
terval. The single lift in shallow water (41-60 feet) was again small (7.0 fish). The
depth from which the largest lifts were made in August was shallower than that in
July (71-80 feet). It is to be noted also that the average numbers of fish taken in the
shallow water far exceeded the eorresponding averages for June and July. In August,
again, the eateh of nets set at 111-120 feet was well above that of nets set at 101-110
feet. This agrecment between the July and August data suggests that in late summer
whitefish may be concentrated at more than one depth.?® The September data cover
only two intervals of depth. In this month the average number of legal whitefish per
lift from 111-120 feet was twice that of nets from 101-110 feet, and in both intervals
the numbers were relatively large, suggesting a return of the fish to deep water.

The data offer some evidence of an onshore movement of legal whitefish as the
summer progresses. In May concentrations were greatest in the deepest water (beyond
110 feet). In June a general shift seemed to have oceurred to waters between 80 and
111 feet deep, in July to waters of depths between 70 and 101 feet, and in August to
depths between 60 and 91 feet.

In the averages for the entire season the number of legal fish per lift increased from
shallow water to a maximum of 84.2 fish at depths of 71-80 feet. Beyond this depth
interval there was a eontinuous deeline in the average number of legal whitefish per lift.31

Distribution of tllegal-sized whitefish.—The data on the bathymetric distribution of
illegal whitefish bear eonsiderable resemblance to those of legal fish. In both size groups
the average number of fish per lift was greater at 111-120 feet than at 101-110 feet in
every month but June. Furthermore, both groups appear to undertake an onshore
movement as the summer progresses. A difference is found between the vertieal distri-
bution of legal and illegal whitefish in the greater abundanee of the latter group in
shallow water.

. The averages for the entire season show heavy coneentrations of young whitefish

in the intervals: 41-60 feet, 81-90 feet, and more than 120 feet. These fish were least
abundant in depths of 71-80 and 101-110 feet. These averages, however, are influenced
by the shift in coneentrations. The monthly figures indieate a heavy concentration in all
depths beyond 80 feet in May, between 80 and 111 feet in June, between 80 and 101 feet
in July, and in 81-90 feet in August. In September the number again increased in the
111-120 foot interval. A eomparison of the seasons’ averages reveals that the maximum
eonecentration of illegal whitefish (81-90 feet) was in water 10 feet deeper than the
maximum for legal fish (71-80 feet). However, legal fish did not share the inshore
abundanee of the smaller whitefish.

SAGINAW BAY AREA (0OSCODA, EAST TAWAS, AND BAY PORT)

A total of 223 lifts of pound nets and deep trap nets was examined in the Saginaw
Bay area. Despite this large total, the distribution of the lifts leaves eertain depths
of less than 91 feet poorly represented (table 25). With the exeeption of a few lifts on
northerly and easterly eourses out of Oscoda, the deep-trap-net lifts were made on the
grounds of district H—4. (See fig. 4.) Most of the pound nets observed were in the
neighborhood of East Tawas. The Saginaw Bay area differed from the Alpena-Ossineke
grounds in the relatively high abundanee of legal, as compared with illegal, fish.

% The evidence for more than one “conceatration depth” ia not strong (particularly for legal whitefish) in the Alpena-Ossiveke data. The sug-
gestion is hrought out here because of the later conclusive evidence that there are two coacentration zones in northeastera Lake Michigaa (p. 353).
No good evidence of a concentration at 111-120 feet was found ia other Lake Huroo waters.

31 The September data obscure the presence of two conccatratioos of legal whitefish. 1f the September data are excluded the average aumbers
of legal whitefish per lift become 18.7 at 101-110 feet anad 30.3 at 111-120 feet.
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TABLE 25.—Number of legal and illegal whitefish per lift of pound nets and deep trap nets in the Saginaw
Bay area (ports of Au Sable-Oscoda, East Tawas, and Bay Port), 1931-1932

[Number of lifts in parentbeses. Asterisks indicate concentrations)

Number of legal whitefish per lift at depth (in feet)

Moath :
<41 41-60 61-70 71-80 81-90 i 91-100 101-110 111-120 >120
|3 Y 2 (R P IS AU RS [ 10 230 30 8 93.0°
I‘\ (1 (7 (6) (5)
Jume. ... { 15 8 76 } ................................ [ 110 37.3* 312 18 6
(3) 9 | L (14) (22) (11)
July. .. { 02 180 5 ..................... { 715 877 129 1* 452 84 3°
(6) m | 2) (1) (7) (13) (6)
176 9 171 7 117 0
(15) (13) (10)
440 299 8* 250 5
(2) ) @
........... [ 1080 167.3*
&l (3)
96 2 866 | 905
(45) (64) (37)

Number of illegal whitefish per lift at depth (in feet)

Month = 1
<4l 11-60 61-70 71-80 | 81-90 | 91-100 101-110 ‘ 111-120 l >120
. { { |
|
May. o . ST USSR AN PR I [ 70 2 3 56 3 15 2
() 4} (6) 5)
Jume. ... f302 143 Ve oo e 200 52 0° 2 8 37
L 3) (9) ) (14) (22) (1
Jaly . .. 23 210 | SIS B A 170 16 2 21 0° 57 | 73
16 i |f \ @ (11 7) (15) | (6)
August ... | SRR [ 258 47 0 09 8 150 9° 115 2 47 6 07 | 134
\ @ 3) i4) 12 a2 | a5 (15) (10)
September_______ .|| 63 0° 140 40 5 83 0° 748 6 5
X \ 2) (1 (2) (2) i4) (2)
| |
October | o R | oI | 245 | 40
[ 2) 3)
| | = S | ——= {1 —
Average.. ... 15 9 86 170 | 875 123 9° 61 8 519 26 7 15 1
i an (15) 3 (6) l (13 | @D (45) | (61) (37)

|

Distribution of legal-sized whitefish—Again there is evidence of an onshore move-
ment of legal whitefish during the summer followed by a return to deeper water in early
autumn, apparently beginning in August. (Sec also p. 350.) The depths of maximum
eoncentration in the different months were: May—more than 120 feet; June and July—
101-110 feet (the shift was more toward shallower water in July than in June);
August—91-100 feet; September—111-120 fect; October—inore than 120 feet (only two
intervals represented). There were two peaks in the August data (41-60 feet and 91-
100 feet) and in the September data (71-80 feet and 111-120 feet). However, the
number of lifts was so small at some depths that it cannot be concluded that the
whitefish were eoncentrated at two depth intervals. The average number of legal
whitefish per lift through the entire season inereased continuously from shallow water
(less than 41 feet) to the maximum at 81-90 feet, deelined in the next three intervals,
and inereased slightly at depths greater than 120 feet.

Distribution of 1llegal-sized whitefish—The data on the bathymetric distribution
of young whitefish indicate an onshore movement followed by an offshore movement
similar to that of legal fish. The depths of maximum concentration were: May, June,
and July—101-110 feet (in each sueeeeding month, however, the shift was toward the
shallower water); August—S81-90 feet; September—101-110 feet; October—more than
120 feet. In the averages for the entire scason the maxima for legal and illegal fish
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were in the same interval (81-90 feet). The strongest indication of two concentration
zones of illegal fish is found in the scanty September data. Young whitefish were much
scarcer in the shallower water of the Saginaw Bay area than at corresponding depths
on the Alpena-Ossineke grounds.

HARBOR BEACH GROUNDS

The observations of 55 lifts of deep trap nets off Harbor Beach (no pound nets
were observed here) were all made in the latter part of the 1932 season (table 26),
when on the basis of the preceding data the whitefish would be expected to be con-
centrated in the deeper water. Actually here is where the deep trap nets were found
in operation. Fifty of the lifts were made from depths greater than 90 feet. Con-
sequently, no detailed description of the vertical distribution of whitefish at all depths
in this area is possible. The maximum concentration of both legal and illegal whitefish
occurred in the 101-110 foot interval in all three months. In the season’s average the
number of legal fish per lift was greater at 91-100 feet than in waters deeper than 110
feet, but the reverse relationship was found in the data for illegal whitefish. The single
shallow-water lift (41-60 feet) contained no whitefish. The legal whitefish were more
abundant than the illegal fish at all depths.

TABLE 26.—Number of legal and illegal whitefish per lift of deep trap nets off Harbor Beach, 1932

[Number of lifts in parentheses. Asterisks indicate concentrations]

Number of legal whitefish per lift at depth (in feet)
Month
41-60 61-70 71-80 8§1-90 91-100 101-110 111-120 >120
Aungust. oo oo i S — [ 210 420 5* 408.3 135 8
| 1) (2) 4) (5)
September.._____________._.__ 00 | ... 101 0 420 270 5 291.7* 134 2 163 0
[6 ) T P (§)] (3) (8) (12) (6) (3)
October_. .- | e e m e 62.5 117.3* 345 46 0
2) 3) (2) 2)
Average _______ ... { 00 ... i 1010 42 0 231.5 276 1* 208 & 126 0 -
’ (1 ) @) an (a7 (12) (10)
Number of illegal whitefish per lift at depth (in feet)
Month
41-60 61-70 71-80 §1-90 91-100 101-110 111-120 >120
VU011 | ) PPl I PRI PR { 150 0 298 0* 266 8 790
(1) ) 4) (3)
September___...__._._______.. { OO B S 65 0 33 3 73 2 167.2* 67.7 75 3
(4 5 I S (1) (3) (8) (12) (8) @3)
QOctober__..._______. N | S . WU . R { 32.0 67.7¢ 320 35 &
(2) 3) (2) (2)
YT SR T S | 60 333 | 727 | 1650° 128 1 73 2
) I (1) (3) (1) a7 (12) (10)

BATHYMETRIC DISTRIBUTION OF WHITEFISH IN LAKE MICHIGAN
GREEN BAY AREA (MARINETTE, ESCANABA, AND FAIRPORT)

The 30 lifts of pound nets and deep trap nets observed in the Green Bay area do
not offer adequate information on the bathymetric distribution of the whitefish at any
one time or on the seasonal movements of whitefish. The data of table 27, however,
indicate rather clearly that legal whitefish in this region were in deeper water in Sep-
tember (61-80 feet) than in May (60 feet and less). Illegal whitefish were relatively
numerous in May at depths less than 61 feet, and were present in large numbers also in
the two lifts from the 81-90 foot interval. Few illegal whitefish were taken at any
depth in September.
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TaABLE 27.—Number of legal and illegal whitefish per lift of pound nets and deep trap nets in the Green Bay
area (ports of Marinette, Escanaba, and Fairport), 1931-1932

[Number of lifts in parentheses. Asterisks indicate concentrations]

Number of legal whitefish per lift at depth (in feet)
Month
<41 41-60 61-70 71-80 \ §1-90 91-100 101-110
May . { 61 4 512 160 ... ’ % T T D P,
(5) (5) (05 I P | L)) e e oo | < NSNS
September_________.___..____ | 40 98 33 8 68 7° ) .............. 45 ] 83
\ ) 4) () ) B @ | )
Average. _________..___...... { 51 8 325 30 8 68 7 23 5 45
(6) 9) 16) 3) (2) (2) | 2)
Number of illegal whitefish per lift at depth (in feet)
Month
<41 [ 41-60 61-70 71-80 ‘ $1-90 91-100 101-110
|
May e { 56 0 65 8 Mo | 1880 | SR
(5) (5) (1) SOEOEEAE0EEE00 2) Koo ooo oo RN OO .
September_ .. ... ... { 24 35 72 97 ... 15 20
(2)) 4) (5) (1) I (2) (2)
AVerage. oo [ 470 38 1 78 “ 97 | 180 | 135 2 0
\ (6) (9) (6) 3) ‘ () () (2)

NORTHEASTERN LAKE MICHIGAN
(MANISTIQUE, EPOUFETTE, AND I\’AUBI.\’\\'..-\Y)

The data on the bathymetric distribution of the whitefish are more complete for
northeastern Lake Michigan than for any other region. Not only was the number of
lifts of pound nets and deep trap nets observed large (350) but these lifts were well
distributed as to depth of water. Only the deecp water (depths greater than 110 feet)
was poorly represented, largely because few nets were set there owing to the eompara-
tive seareity of whitefish.

Distribution of legal-sized whitefish—Peak eoncentrations of legal whitefish in
June oceurred at 61-70 feet and 81-90 feet (table 28 and fig. 22). The average num-
ber of fish per lift in “deep water” (more than 110 feet) exeeeded slightly the average
in 101-110 feet but the deeper water was represented by only two lifts. There were
again two peaks in July, but in this month they occurred in water 20 feet deeper (81-90
and 101-110 feet). This offshore movement was refleeted also in the reduced eatches
of nets in all waters shallower than 71 feet. The depths of greatest coneentration of
legal whitefish were tlie same in August as in July although the small deerease in the
average number of fish from nets set in 71-80 feet together with the inerease in the
eateh per net from all deeper waters may be taken as an indieation of possible further
offshore movement. In September the average number of legal whitefish per lift was
below the August average at all depths less than 91 feet. The single peak oecurred in
the 101-110 foot interval. (Nothing is known eoneerning the abundanee of whitefish
at depths greater than 110 feet in September.) The improved catehes in the shallower
water (less than 71 feet) in October offer evidence of a return onshore movement. In
this same month the condition of two concentration zones reappeared although it was
by no means pronounced.

The seasons’ averages show a consistent inerease in the number of legal fish per
lift from shallow water (less than 41 feet) to the 81-90 foot interval, followed by a
sharp decline at 91-100 feet and a rise to a seeond peak at 101-110 feet. The average
of 7 lifts from the deepest water was about half that of lifts from the 101-110 foot
interval.

Distribution of illegal-sized whitefish—The data on the depth distribution of illegal
whitefish resembled in general those for legal fish. Both groups were charaecterized by
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Figure 22.—Bathymetric distribution of legal- and illegal-sized whitefish in northeastern Lake Michigan as determined from the average numbers
séf ﬁs};l ger lift of pound nets and deep trap nets. June, solid line; July-August, long dashes; September-October, short dashes; entire season,
otted line.

two concentration zones in every month but September, and both showed an offshore
movement of the fish during the summer. The two groups of data differed at times,
however, as to the actual depths of the concentrations. A further difference lay in the
lack of evidence of an onshore movement of illegal fish in October.

The June averages of the number of undersized whitefish per lift had peaks at 61—
70 and 91-100 feet. With the illegal, as with the legal, fish the average for the deepest
water (more than 110 feet) exceeded that for the 101-110 foot interval. The inshore
concentration coincided with that of the legal fish, but the offshore concentration oc-
curred 10 feet deeper. In July the movement toward deeper water increased the depth
of each of the concentration zones of illegal whitefish by only 10 feet as compared with
20 feet for the legal fish. The depth intervals of the concentration zones remained un-
changed in August although the decrease in the average number of fish per lift in all
depths less than 91 feet points toward further offshore movement. The decrease in the
number of illegal fish per lift at these depths continued in Scptember. At the same
time the number per lift increased in the 91-100 foot and 101-110 foot intervals. The
September data had only one peak (at 101-110 fect) but there were again two concen-
tration zones in October. The October averages for shallow-water lifts (depths less
than 71 feet), contrary to the data for legal fish, showed no tendency to increase over
those for September.

The seasons’ averages indicated an increase in the number of illegal whitefish per lift
from shallow water (less than 41 feet) to a peak at 71-80 feet, followed by a decline
to 91-100 feet, a rise to a second peak at 101-110 feect, and yet another decrease in the
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TABLE 28.—Number of legal and illegal whitefish per lift of pound nets and deep trap nels in northeastern
Lake Michigan (ports of Manistique, Epoufette, and Naubinway), 1931-1932

[Number of lifts in parentbeses. Asterisks indicate concentratious]

Number of legal whitefish per lift at depth (in feet)
Month

<41 41-60 61-70 71-80 81-90 91-100 101-110 >110
June... ... ... [ 575 39 3 138 8° 59 5 164 3° 122 5 13 7 17 5
v ® (3) @ ®) (23) an @ @
July o .. { 100 176 39 2 104 3 140 9* 58 4 a2 g* 77
(7) (5) (5) (1 a7 (5) (13) (3)
Avgust .. |emeemmecaaa- { ¢4 (1) (R 90 2 162 3° 59 4 100 0* 63.5
45 N R, (16) (22) {13) (13) 2)

September_. _________________ 76 2RI 180 36 2 550 88 4 121 6°

(20) @ 3} (13) {14) (17) (8)

October.__._._.______.______. { 23 1 315 357 32 6° 495 122 7¢

(23) (11) (3) P | (13) I (6) (M)
Average_ .. __ ... _____.______ { 209 31 4 60 8 37 i 125852 80 2 106.7* | 55 0
(55) (29) (15) (48) (89) (54) (50) (@)

1
Number of illegal whitefish per lift at depth (in feet)
June { 714 104 7 230 0° 112 2 117 7 126 7 105 0 160 0
- . - (8) 3) 4) (&) (23) (11) (7) (2)
July { 25 7 2 2 69 6 182 7° 87 1 39 4 65 2° 10 7
-------------- - ) ) (5) (1) an [6)) (13) &)
____________ [ 240 S, 101 4°* 80 5 40 2 731 450
Avgust_ ... \ Ty | (16) (22) (15) (15) 2)
. 40 2107, 207 23 6 351 703 1)1 0 S | S
SeptomberNNNEERREI—" --- { (20) @) 3) (13) (14) ‘(17) [ I P

55 159 b S P 48 5° 43 2 85 9°

(October SENNNNSERNI———_ { (23) an | () | (13) ) (7)
65 | 293 63 2 100 &° 96 | 616 | 84 | 631
A Tl R e { (55) I (29) (15) (48) ‘(b“.ll (54) 50y | @

deepest water (more than 110 feet). The zones of coneentrations of illegal fizh (seasons’
average) are separated by 30 fect (difference between average depths of the intervals)
as compared with 20 feet in the legal fish. This samne difference is to be found in the
data for the threce months—June, July, and August—but is lacking in October (rela-
tively incomplete data, however).

In general, undersized whitefish tended to live in shallower water than did legal-sized
individuals. This tendeney is apparent not only from the lesser depth of the inshore
coneentration zone (71-80 feet for illegal fish and 81-90 feet for legal fish) but also
from the large numbers of small whitefish per hift in the still shallower interval, 61-70
feet. Legal-sized fish were slightly the more numerous, however, at depths shallower
than 61 feet.

. The vertical movements of the whitefish in northeastern Lake Michigan are the
reverse of those indicated by the Lake Huron data for the Alpena-Ossincke and Sag-
inaw Bay areas (pp. 350 and 351). In each of these regions of Lake Huron the
data indicated an onshore movement of both legal and undersized fish during the sum-
mer. Whitefish of both size groups made an offshore movement in northeastern Lake
Michigan.

Possible significance of two concentration zones.—The oecurrence of two coneen-
tration zones of both legal and illegal whitefish in northeastern Lake Michigan3? raises
the interesting question of the possible existence of distinet inshore and offshore popula-
tions or races. Certainly, the consisteney of the oceurrence and the seasonal move-

22 There was some indication of a similar distribution of whitefish on the Alpena-Ossineke grounds (p. 350). The data for the Saginaw Bay area
(p. 351) offered only a suggestion of two concentration zones.
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ments of these two concentration zones are such as to label their existence as a real
phenomenon, and not a chance result to be ascribed to inadequate data. However, the
mere presence of two distinet groupings of whitefish throughout all or most of the
season does not make absolutely necessary the assumption of two permanently separated
stocks. It is possible that conditions within the lake at certain seasons may produce
an “ecological division” of an otherwise homogeneous population.

Records of a number of vertical series of temnperature readings made in northeastern
Lake Michigan3? failed to give a clue to the cause of two zones of concentration of
whitefish. Both the inshore and offshore concentrations of legal fish were below the
thermocline®* in June, July, and August and hence were in a region with extremely
small temperature gradients. Preferences for water of different temperature, there-
fore, do not provide a logical explanation for the presence of two concentrations. The
illegal whitefish of the inshore concentration were in the region of the thermocline in
July and August, hence in substantially warmer water than were the fish of the offshore
concentration. However, both groups were below the thermocline in June, and an
inshore concentration at the thermocline was lacking in September.

Important arguments in support of the assumption of the existence of inshore and
deep-water populations of whitefish are:

(1) The separation into two groups involved both large (legal) and small (illegal)
fish. Consequently, the two groups are not entirely the result of different reactions of
fish of different size to the same or similar environmental factors. This statement
holds even though the concentration zones of the legal and illegal fish were not always
identical in the same month.

(2) The fish of both concentration areas have similar seasonal vertical movements.
The similarity of vertical movements kept the two zones of concentration distinct in all
months but September. The presence of only one peak in the September data may
represent the temporary approximation of the two concentrations or may be the result
of lack of information on the distribution of whitefish beyond the 110-foot contour.

(3) There is evidence that some whitefish seldom, if ever, spawn in shallow water.
The introduction of the deep trap net on gill-net grounds or in areas beyond the reach
of pound nets was marked by the capture of considerable numbers of whitefish of ex-
ceptionally large size. These large fish could not be taken on these same grounds by
the gill nets commonly employed since their great size prevented their becoming gilled.
Pound nets, which are selective only with respect to small fish, are fully capable of
taking large individuals of any size. Consequently, their failure to capture many fish
as large as those found in the early catches of the deep trap nets may be taken as evi-
dence that these giant individuals were seldom, if ever, present on the inshore pound-net
grounds, at least during the period of fishing operation.

It must be remembered, nevertheless, that there is no proof that the smaller mature
fish of the offshore group of whitefish do not spawn in shallow water. The separation
of the whitefish into two depth groups may represent only a summer and early-autumn
condition. Possibly most of the small fish of both groups spawn in shallow water and
most of the large fish of both groups spawn in deeper water. However, it also seems
logical to hold that the giant fish taken in deep trap nets were members of a deep-
water population (that lived beyond the reach of pound nets) that had survived to a
size at which they could not be taken in gill nets, and hence had become exempt from
capture in the commercial fishery.

Even if the inshore and offshore groups of whitefish are held to be semi-independent
or independent, it must be recognized that both groups exhibit similar fluctuations in the
fishery. The records of the catch per lift and of production in M-3 (table 17 and ap-
pendix B) demonstrate a close correlation between the annual fluctuations in the

@ Temperature data were uot available from the aorth channel (region north of the Beaver Lslaad archipelago), the ceater of the deep-trap-net
fishery. However, the relatively limited lncal variation in temperature coaditions at stations southeast, south, and northwest of Beaver Islaod aad
southeast of Manistique suggests that the data from these localities may be tadicative of conditions in the area ia which the deep-trap-net fishery
was ceatered.

4 The average positloos of the thermacline were: last half of June, 24-33 feet; July, 67-77 feet; August, 69-80 feet; first 10 days of September,
72-86 feet. The thermocline had not yet formad in the first half of June; no readings were made in the area after September 10.
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abundanece of whitefish on the pound-net (shallow-water) and gill-net (deep-water)
grounds of the district and also between the production of whitefish by these two gears.
A similar close resemblance between the statistical data for pound nets and gill nets is
to be found in other distriets.

It must be remembered also that any assumption of the existence of shallow-water
and deep-water stocks of whitefish in northeastern Lake Michigan does not make a
similar assumption valid for any other region. 1In districts H-3 and H—4 of Lake Huron.
for example, the simultaneous collapse of the deep-trap-net and pound-net fisheries must
be interpreted as strong evidence that both gears drew a large part of their production
from the same stock. It is not known, even in northeastern Lake Michigan, to what
extent there may be an interchange of individuals between the inshore and offshore
groups of whitefish.

SUMMARY AND COMPARISON OF THE BATHYMETRIC DISTRIBUTION OF
WHITEFISH IN LAKES HURON AND MICHIGAN, WITH SPECIAL
REFERENCE TO THE REGULATION OF THE FISHERY

The present study of the bathymetric distribution of the whitefish was part of a
program conducted to obtain reliable data upon which to base a sound regulation of the
deep-trap-net fishery. One question was: “What regulation as to the depth of water
in which deep trap nets should be fished will serve best the dual purpose of protecting
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young fish from capture and excessive handling, and of reducing production3® to a level
which does not threaten the extermination of the commercial stock?”

Ordinarily fishery legislation must be framed in conformity with average condi-
tions during the entire season over a large part of a lake or an entire lake. Consequently,
the most suitable data on the bathymetric distribution of whitefish in Lakes Huron and
Michigan, as they pertain to fishery regulation, are those obtained by combining the
available material for all grounds and all times in the fishing season in each of the
two lakes. The data of table 29 (see also fig. 23) represent such combinations.

TaBLE 29.—Number of legal and illegal whilefish per lift of pound nets and deep trap nets in Lakes Huron
and Michigan, 1931-1932

[Number of lifts in parentheses. Asterisks indicate concentrations}

& Number of whitefish per lift at depth (in feet)
ize
Lake gronp ;
<41 41-60 61-70 71-80 81-90 91-100 101-110 111-120 >120
Legal ... __. ! 73 20 5 26.9 7982 9] 6 123 1* 114 7 70.2 87 5
H (11) (24) (12) (24) (36) (55) (86) (152) (56)
wron_._ ... __....
| Nlegal_ [ 159 54 9 38 2 65 3 125 8* 76 9 84 2* 83 7 45 7
[ 1) (24) (12) (24) (36) (55) (86) (152) (56)
Legal . ..__ 23 8 31.7 52 2 73 4 123 6* 775 103 0* 560 |..........
At (64) (38) (21) (51) (91) (56) (52) (7)) |oceocaeeae
11g3 cmmtaccme - —— {
|lllegal..,, - 194 315 68 8 95 4* 81 § 65 2 80 2* 63 1
| l \ (64) [ (38) (21) (51) (91) (56) (52) (7) oo

It should be pointed out, however, that recommendations based on the averages of
table 29 which cover general conditions likewise cover very well the local conditions on
the different grounds in the lake despite the variations in the bathymetrie distribution of
the legal and illegal whitefish in different localities.

In Lake Huron the average number of legal whitefish per lift increased continu-
ously with increase in the depth of the water up to a maximum at 91-100 feet,
decreased in the next two intervals, and increased slightly at more than 120 feet. The
increase in the deepest water can be traced to the small number of lifts from this depth
off Alpena, a region in which legal-sized whitefish were searce. The limits of the general
region of greatest abundance of legal fish may be set at approximately 81-110 feet. The
number of undersized whitefish increased also from shallow to deeper water, but the
maximum occurred at 81-90 feet, or 10 feet shallower than the depth of maximum
abundance of legal fish. A second but lower peak in the number of illegal whitefish
per lift was found at 101-110 feet. If legal fish are to be protected from excessive
exploitation and illegal fish from frequent handling, the obvious depth limit beyond
which impounding nets should not be fished in Lake Huron is 80 feet. Although this
restriction curtails the production of deep trap nets severely, it cannot be considered
extreme or oppressive, since a closely similar gear, the pound net, long supported a
productive and prosperous fishery in even shallower water. (Few pound nets are fished
in depths of more than 65 or 70 feet.)

The restriction of impounding nets in Lake Huron to depths of 80 feet or less does
not mean the complete closure of the deeper waters to the commercial fishery for white-
fish. These deeper areas are still open to the gill net, which was formerly the only gear
fished in them. However, past experience has demonstrated that in these areas gill nets
ordinarily did not cateh whitefish in quantities dangerous to the stability of the stock.
Furthermore, the selective action of the gill nets commonly employed precludes the
capture of excessive numbers of small fish and also spares the large individuals that
conxztitute the spawning reserve.

The Lake Michigan data differ from those of Lake Huron chiefly in the presence

3 The present policy of fishery regulation in the State of Michigan waters of the Great Lakes does oot include coatrol of production through the
limitation of the amount of gear fished or the setting of arbitrary limits oo the season's eatch.
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of two distinet concentration zones for both legal and undersized fish and in showing a
somewhat shallower habitat for the whitefish. The inshore coneentrations, in both of
whieh the numbers of fish per lift exeeeded those of the offshore eoneentrations, were 10
feet shallower than the maxima for the corresponding size groups in Lake Huron.
Consequently, the most suitable limit for the depth of water in which impounding nets
should be operated in Lake Miehigan is 70 feet, 10 feet shallower than in Lake Huron.

BATHYMETRIC DISTRIBUTION OF OTHER SPECIES

Other species were mueh less numerous in the catehes of pound nets and deep trap
nets than were whitefish. The data on the bathymetrie distribution of these “miscel-
laneous’ speeies, therefore, will not be given in the same detail as those on the distribu-
tion of whitefish.

LAKE TROUT

Nearly all of the lake trout (Cristivomer namaycush) were of legal size (minimum
legal weight, 174 pounds). As undersized lake trout were so few and beeause there
was no evidence of important differeneces in the vertical distribution of legal and under-
sized fish, tables 30, 31, and 32 have been prepared from the reeords of all trout taken,
regardless of size.

Lake Huron.—In the Alpena-Ossineke area (table 30) lake trout were numerous
in May (31.0 to 39.8 fish per lift) at depths greater than 100 feet, but only one trout
was taken in the lift from 81-90 feet. In June lake trout were fairly numerous in the
shallower water (41-70 feet) while the average eateh per lift declined (in comparison
with the averages for May) in depths greater than 100 feet. The records for four lifts
from depths between 40 and 71 feet in July and August suggest that most lake trout
had abandoned the shallower water in these two months. Possibly this offshore move-
ment aceounts for the inerease over the catch for the month of June in the average
number of trout per lift from 81-120 feet. The average lifts in August were consistently
below those of July from depths of 71-120 feet, and the September catches were smaller
than those of August from the 101-120 foot interval. These decreases possibly may
represent a movement of the lake trout to depths greater than those in whieh deep
trap nets were operated.

TaBLE 30.—Number of lake trout per lift of pound nels and deep trap nets in the Alpena-
Ossineke area, 1931-1932

[Number of lifts in parentheses]

Number of lake trout per lift at depth (in feet)
Month

41-60 61-70 71-80 81-90 91-100 101-110 111-120 >120

N O ] R o oot (RS { 1.0 oL 31.0 37.4 39.8

(65 N PR m (23) 4)

June_ ... { 21.3 40.0 ... 12.0 8.0 16.9 1.8 18.8

“4) @ |eccocosonsco (1) 1) (6) (18) (5)
Joly 0.0 |oceoeoo 56.0 40,2 35.5 26.2 50.0 |l
Y { Ay | m (5) (12) @ @ |
August - e { 5.0 1.0 7.9 19.7 25 22.4 26,7 |eeiooaa..
2) (1) ) 9) (3) (3) 10y |-l
September ..ol e [ 6(_(;3 1‘?2‘3 ------------
L 2 B e e

Average ... .._____... 13.6 20.5 13.9 24.5 31.9 H 19.2 33.2 23.1

(7) (2 (8) (16) (16) i 24 (76) l 9

The seasons’ averages indieate an irregular trend toward an increase in the abun-
danee of lake trout with increase in the depth of the water. The decline in numbers in
depths of 101-110 feet may be real since similar decreases oceurred in the eateh for July
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and August. The decline in depths greater than 120 feet may be the result of the lack
of data for months later than June.

It should be emphasized that, in contrast to the whitefish data, those presented for
the lake trout on the Alpena-Ossineke grounds and in other areas should not be taken
as descriptive of the general distribution of trout in Lake Huron and northern Lake
Michigan. The chief summer fishery for trout is conducted by gill nets at depths con-
siderably greater than those from which the pound nets and deep trap nets were lifted.
The data given here describe only the distribution of the presumably sparse inshore
population of trout.

Lake trout were considerably less abundant in the Saginaw Bay area (table 31)
than off Alpena and Ossineke. In four of the six months (all but July and September)
the largest lifts were made from the decpest water (more than 120 feet). Trout were
scarce 1n shallow water (less than 61 feet) in June and were not taken at all in July
and August. The data fail to indicate whether the improved catches beyond 90 feet in
July and August were the result of an offshore movement of an inshore group of trout or
of an onshore movement of an offshore group. The averages for September and possibly
October are suggestive of a migration toward deeper water.

TaABLE 3l.—Number of lake trout per lift of paund nets and deep trap nets in the Saginaw Bay area (ports
of Au Sable-Oscodo, East Tawas, and Bay Port), 1931-1932

{Number of lifts in parentheses]

Number of lake trout per lift at depth (in feet)
Month |

<41 41-60 61-70 71-80 81-90 91-100 | 101-110 | 111-120 | >120
May . e e[ { 1 2.7 3.5 38
(1 (7) (6) (5)
.l oo 29y f 2 4 18 50
fmeg— { ) @ 1w 14) (22 (1)
oy oo 00 0.0 {foee 55 70 10 4 59 50
Y { % @ | { % 1) ) (15) 6)
August. .. |eeooooo. { 06 0.3 17 25 76 14 6 7.7 18.4
) 3) @) (12) (12) (15) (15) (10)
September- - | { 05 10 30 30 23.2 25
2) (1) @) @) ) )
October____ e { 4([3 l7(32§
Averagelnt ot 00 13 | 03 1.3 28 6.5 78 5.7 93
Mo { (11) (15) l 3) (6) 15) 7) (45) (64) 37)

The seasons’ averages show a general tendency for the number of lake trout per
lift to increase with increase in the depth of water.

Tabular data are not given on the bathymetric distribution of lake trout in northern
Lake Huron (Cheboygan and Rogers City area) and on the Harbor Beach grounds.
(For the number of lifts at the various depths of water at these localities see tables
23 and 26.) The average number of trout per lift in northern Lake Huron varied
widely (from 1.5 to 76.5 fish) with the best catch in 81-90 feet in August. Lake trout
were fairly scarce on the Harbor Beach grounds. The best catches were: 20.3 fish per lift
from 111-120 feet in August; 19.8 fish from depths greater than 120 feet in August;
and 15.5 fish from 111-120 feet in September. Catches of lake trout were uniformly
small in water shallower than 101 feet. In October only three trout were taken in a
total of nine lifts, all from depths greater than 90 feet; apparently the lake trout had
migrated from the Harbor Beach deep-trap-net grounds in that month.

Lake Michigan—The rather extensive data from northeastern Lake Michigan
(table 32) suggest that in certain months the lake trout as well as the whitefish may
occur in two concentration zones. (See p. 353, table 28, and fig. 22.) In June and
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July inshore concentrations occurred at 61-70 feet and offshore peaks at more than 110
feet. The offshore concentration in August was still in deep water but the inshore
maximum was at 81-90 feet or 20 feet deeper than in June and July. (The August
data were inadequate, however, for depths of less than 71 feet.) The data for Sep-
tember and October vield no evidence of two econecentration zones of lake trout in
these two months. Data were lacking, however, for depths beyond 110 feet.

TaBLE 32.—Number of lake trout per lift of pound nets and deep trap nets in northeastern Lake Michigan
- (ports of Manistique, Epoufetle, and Naubinway), 1931-1932

[Number of lifts in parentheses. Asterisks indicate concentrations]

Number of lake trout per lift at depth (in feet)
Month | |
<4l 41-60 61-70 71-80 ~1-90 91-100 101-110 >110
June. ... ... __ f 3.5 6.3 14.5° 10.5 log ol 2.6 5.0°
| (8) 3) 4) (8) (23) (1) t7) (2)
July oo .. { 0.0 3.6 17.4° 10.0 6.3 3.4 4.1 17.0°
(M) (5) (5) (11) (17) (5) (13) (3)
Avgust. . ... oo ..., [ 0.0 [_......... 4.2 5.2¢ 2.9 2.1 22.5°
| (65 NN P (16) (22) (18) (13) (D)
September. ... ..., { 0.5 0.0 0.0 3 3.6 1.6 1.6
(20) (9) 3) {13) (14) (17) (5.3 R P,
October_ . PO I 0.3 0.2 % S P, 1.6 2.2 5.6° | . ...
| 23 (11) 3)  feoooaal. (13) (6) (7) &
Average .. | (».Q—"i_ 13 | e | 13_’ 2.5 3.0 | 1510
‘l (58) (29) (15) “8) (80) 54) 50) 7)

There was no general agreement as to the actual location of the coneentration
zones of lake trout and whitefish. It is true that lake trout, large (legal) whitefish,
and small (illegal) whitefish (table 28) were all concentrated at 61-70 feet in June
and that both trout and legal whitefish exhibited peaks at 81-90 feet in August. On
the other hand, the inshore concentration of lake trout was shallower in July than
the eoncentration of either the legal or illegal whitefish, and the offshore econcentra-
tions of lake trout in June, July, and August were without exception deeper than the
coneentrations of whitefish. In Oectober, however, a peak was evident at 101-110 feet
in both lake trout and the whitefish (large and small).

Possibly it is not strietly proper to term as “concentrations’” the inereased abun-
dance of lake trout at depths in exeess of 110 fect, for these increases in the number
per lift may be merely part of a general trend for trout to become more plentiful with
increase in depth of water and not, as the term concentration implies, be indieative of
a peak abundance bordered on either side by a lesser abundance.

The data of table 32 as a whole point toward an offshore movement of lake trout
in northeastern Lake Michigan from June to Oectober. (A few trout appear, how-
ever, to have returned to shallow water in October.) The seasons’ averages show an
increase in the eateh per lift from shallow water (less than 41 feet) to a peak at
61-70 feet, followed in turn by a deeline through the depth interval, 71-100 feet, and
a secondary rise beyond 100 feet.

In the Green Bay region of Lake Michigan the best eatches of lake trout were
made in 41-60 feet in May (19.8 fish per lift). The September eatches varied but lit-
tle with depth of water, averaging 6.8 fish for 13 lifts in 41-80 feet and 5.0 for 4 lifts
in 91-110 feet.

YELLOW PIKE

Yellow pike (Stizostedion vitreum) oceurred in large numbers in the lifts of pound
nets and deep trap nets only in the Saginaw Bay region (table 33). Because of the
concentration of yellow pike in the shallower water of the area it was considered desir-
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able in the preparation of the table to employ a greater number of intervals at depths
less than 61 feet than was necessary in the tabulation of the data for the whitefish
and the lake trout.

No data are available on the abundance of yellow pike in shallow water in May,
but in June legal-sized fish (1% pounds or larger) were plentiful in the lifts from
31-60 feet. In both May and June legal-sized yellow pike were totally lacking in all
lifts from depths greater than 90 feet. The catch per lift in shallow water (less than
61 feet) declined in July and August. At the same time legal yellow pike penetrated
to the greatest depths from which deep trap nets were lifted. The abundance at
depths of more than 80 feet was generally higher in August than in July. Legal
vellow pike were still present in the deeper water in September and Oectober. The
distribution in September was irregular. An average of 17.0 fish per lift was obtained
at 111-120 feet, while yellow pike either were scarce or lacking in the lifts from other
depths.

Undersized yellow pike as well as legal fish were abundant in 31-60 feet in June
(with the greatest abundance in 31-40 feet) and absent from depths beyond 90 feet
in both May and June. Illegal yellow pike had penetrated to a depth of 101-110 feet
in July and 111-120 feet in August and September. None were taken in any month
from water deeper than 120 feet.

Not only did illegal yellow pike fail to range as deep in summer as did fish of
legal size, but apparently a smaller percentage of them left the shallow water. In

TABLE 33.—Number of yellow pike per Lift of pound nets and deep trap nets in the Saginaw Bay area (ports
of Au Sable-Oscoda, East Tawas, and Bay Port), 1931-1932

[Number of lifts in parentheses]

Number of legal yellow pike per lift at depth (in feet)
Month
<31 3140 41-50 51-60 61-70 71-80 81-90 91-100 | 101-110 | 111-120 >120
May. e e e e e e { 00 00 00 00
) (7 (6} (5}
June | ... { 82.6 43 7 27 0} ........................... { 00 00 0.0 0o
5) (6) 3) 1) 14 (22) (11)
July .. / 20| . 24 0} .................. { 0.5 05 19 19 0.7
\ 3) () | E— (1) (2) (11) (¢p] (15) (6)
Awgusto_ | .. | .. { 10 9.2 25 45 9.7 58 6 4 17 04
(1) (4) (3) 4) (12) (12) (15) (13) (10)
September_ .. ..o || i { 2.5 00 00 00 17 0 10
2) N ) (2) 4) @)
October____ e e e e e 1.5 0.0
) 3)
Average ... __._.......|/ 03 52 4 37? 17.7 25 38 78 28 20 1.9 03
1 3) (8) ()] (8) (3) (6) (15) 27) (45) (64) 37
Number of illegal yellow pike per lift at depth (in feet)

May. oo ’ ............................................. { 00 00 0
[8Y] (7) (6) (5)

June .|l 412 8 163 0 63 73 ........................... { 00 00 00
(5) (6) 3 [45] (14) (22) (1)

0y / 560 87.7 |cceemena- 159 O)[ - ecomomfmmcemeee 00 04 01 0

7 \ 3) (€3 1 P, (l)} { [¢3] (1) ) (13) (6)
August | |- ( 810 218 0 119 5 100 47 95 19 00
{ n 4) (3) @) (12) (12) (15) (15) (10)
September_______ || e { 50 0.0 05 035 9.3 0.0
2) 1) (2) 2) 4) (2)
(07717017 SRR (RPRUORUURNPI PRPRIPRUOIUS (PRI PRUPIPRRRpI) PRUPUOIPIUIN PRUPIIPIOIPIS DIOUPRESIUON PEORSIPIRN PSR 00 0.0
{ 2) 3)
[ 560 290 9 151 3 152 8 119 5 50 80 & 6 32 10 00
e, L@ ®) G} ® (3) ) a»| en| @) 6| 6n
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the shallow-water lifts (less than 71 feet) the average numbers of illegal yellow pike
per hLift were consistently several times as great as the numbers of legal fish. Especi-
ally noteworthy were the large catches of undersized fish at these depths in July and
August, months in which legal fish were scarce in shallow water. At the greater
depths, however, the numbers of legal and illegal yellow pike per lift differed only
slightly and in a random manner.

A total of seven yellow pike (all of legal size) was taken in northern Lake Huron
(Cheboygan and Rogers City area). One of these fish was caught in 71-80 feet in
July and the remaining six in 41-70 feet in September.

Yellow pike were scarce at all depths on the Alpena-Ossineke grounds, but were
more numerous at depths less than 70 feet than at greater depths. No yellow pike
were taken in water decper than 90 feet before July. A few individuals (both legal
and illegal) penetrated to depths of at least 111-120 feet in July and August. (No
nets were lifted beyond 120 feet in these months and in September—see table 24.) In
September a total of three legal fish but no illegal fish was taken from depths of
101-120 {feet.

The single lift from shallow water (41-60 feet) off Harbor Beach contained eight
legal and three illegal yellow pike. The maximum depths at which legal fish were
taken were 111-120 fect in August and more than 120 feet in September and October.
No illegal yellow pike were captured in August, but in September and October fish of
this group penetrated to depths in excess of 120 feet.

Not one yellow pike was taken in the lifts of pound nets and deep trap nets in
northeastern Lake Michigan. In May a total of five fish (all legal) was captured in the
10 lifts in the Green Bay area from depths of less than 61 feet and 28 yellow pike
(10 legal and 18 illegal) were taken in the two lifts from 81-90 feet. No yellow pike
were caught in the Green Bay area in September.

BURBOT

Because of the small total number captured and the sporadic occurrence of burbot
(Lota maculosa) in the catches, a combination of the data for all localities appears to
provide the most valid description of the inshore bathymetric distribution of the species
in Lake Huron (table 84). This table cannot serve as the basis for a detailed discus-
sion; attention will be called, however, to certain general trends. Burbot were scarce
or lacking at all depths from which nets were lifted in both May and June. In June
they occurred in both shallow water (less than 71 fcet) and deep water (more than 100

TABLE 34.—Number of burbot per lift of pound nets and deep trap nets in Lake Huron, 1931-1932 (data for
all localities eombined)

[Number of lifts in parentheses)

Number of burbot per lift at depth (in feet)
Month |

! <41 41-60 61-70 71-80 81-90 91-100 101-110 111-120 >120
May. oo e [ 00 00 05 0.2
\ (1) (1) (8) (29) (9)
June_ ... 02 10 e 00 00 0.3 06 08
{ (3) (13) (4 0 R PO (1) (2) (20) (40) (16)
July oo .. 00 00 00 06 23 31 06 08 0.3
{ (6) (2) {2) (3) (4] (23) (14) (38) (6)
August__________|.___________ 00 00 20 19 20 1.5 09 %
{ (7 4) (13) (23) (17) (22) (29) (13)
September_..____|.___ _______ 00 08 26 12 1.3 %% 32 28
{ (2) {5) 6) (4) (10} (19) (12) (5)
Qetober oo L 00 25 38 28
{ 2 (3) (4} 5)
Average.....__.. 01 01 04 21 1.1 10 11
{ {11) (24) (12) (24) (36) (55) (86) (152) (56)
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feet). Burbot were absent from shallow water in July and August, and appeared to be
concentrated at intermediate depths (81-100 feet in July and 71-110 feet in August).
In September and October they apparently were concentrated in depths beyond 100 feet.
The changes in the average number of fish per net at the various depths for the months,
July-October, suggest a general tendency for tlic burbot to move toward deeper water.
The regular increase from July to September in the catch from 71-80 feet provides an
exception to this general trend. The seasons’ averages show a scarcity of burbot at
depths of less than 71 feet and the greatest abundance at intermediate depths (71-100
feet), with the abundance in deep water (more than 100 feet) about half -that at

intermediate depths.

TasLE 35.—Number of burbot per lift of pound nets and deep trap nets in northeastern Lake Michigan (ports
of Manistique, Epoufette, and Naubinway), 1931-1932

[Number of lifts in parentbeses]

Number of burbot per lift at depth (in feet)

Montb <41 41-60 61-70 71-80 81-90 91-100 101-110 >110
R e { % I 19 i @ i o o
e S W i i ai an 5 a9 ](a?
i b { W oo &8 &y G b UK
ey { &) © @ {5 48 an W |
Otk e - { @ an R e B T o SN
B { & 29 15 (48) &or A 0 )

The data on the bathymetric distribution of the burbot in northeastern Lake
Michigan (table 35) provide little evidence of any extensive vertical movements.
Characteristic of the averages for each month appeared to be an inshore concentration
at 41-60 or 61-70 feet (except in August when only one lift was observed from a depth
of less than 70 feet), a reduced abundance at intermediate depths up to 101 feet (111
feet in June), and a second concentration at 101-110 feet or more than 110 feet. The
average catches in October were greater than those in other months from every depth
but 91-100 feet. (The average catch from 101-110 feet was the same in July and
October.) The seasous’ averages show au increase in the number of burbot from 0.8
in shallow water (less than 41 feet) to a maximum of 5.1 fish per lift at 61-70 feet.
The average catch per net varied between 1.8 and 3.3 fish in depths of 71-110 feet
and rose to 4.3 in water more than 110 feet.

WHITE SUCKER AND LONG-NOSED OR STURGEON SUCKER

Separate counts of white suckers (Catostomus commersonnit) and long-nosed or
sturgeon suckers (C. catostomus) were obtained for only a limited number of lifts in
the Alpena-Ossineke and Saginaw Bay areas of Lake Huron. The available data
indicate that white suckers were most numerous in depths of less than 81 feet; only
one individual was captured in deeper water (in 101-110 feet). Long-nosed suckers
also were most plentiful inside the 81-foot contour, but were taken in fair numbers at
greater depths. No long-nosed suckers were captured in depths beyond 110 feet.




PART 1V

OBSERVATIONS ON THE FISHING ACTION OF POUND NETS
AND DEEP TRAP NETS

EFFECT OF THE SIZE OF THE MESH ON THE CATCH OF LEGAL-
AND ILLEGAL-SIZED WHITEFISH AND LAKE TROUT

The question of the proper legal minimum size of mesh is a highly controversial
one that involves nearly all commerecial fishing gears. Certainly the most desirable
size of mesh is that which releases the greatest number of illegal-sized and immature
fish without serious loss of legal-sized fish. However, a great diversity of opinion
exists as to what this “desirable” size of mesh may be. Although there are a few excep-
tions, commercial fishermen usually oppose most vigorously any attempt to inerease
the legal minimum mesh size, and in practice generally fish the smallest mesh per-
mitted by law.

The lack of proper legal regulations and enforcement in the early years of the
deep-trap-net fishery led to a wide range of mesh size in this gear. Many of the
early deep trap nets had meshes that were ridiculously small (as small as 214 inches,
stretched measure as fished) for a gear designed to take a species with a 2-pound
legal-size limit. Continued experience, however, led many deep-trap-net fishermen to
increase the size of mesh in their nets. This increase in mesh size not only reduced
the labor of sorting out the illegal fish and returning them to the lake, but also im-
proved the catch of legal fish as will now be shown.

The data in tables 36 and 37 on mesh selectivity in pound nets and deep trap nets
are based on comparison of the numnbers of legal- and illegal-sized whitefish (2-pound
size limit) taken in nets with meshes less than 4 inches (stretched measure as fished)
and in nets with meshes of 4 inches and more. For convenience in the discussion, the
two groups of nets will be termed “small-mesh” and “large-mesh” nets.3®

Table 36 lists the total numbers of legal and illegal fish, the average numbers per
lift, and the percentages of fish of both size groups in all lifts of large-mesh and small-
mesh pound nets and deep trap nets observed in the course of the investigation. On
the average, small-mesh nets took more fish per lift, both legal and illegal, than did
large-mesh nets. The percentage of legal fish in the lift was higher (58.7 as compared
with 51.3) in large-mesh nets.

TasLeE 36.—Comparison of total numbers, averages per lift, and percentages of legal and illegal whitefish
taken in small-mesh and large-mesh pound nets and deep trap nets

[The 1931-1932 data have been combined for all ports, all depths, aod all months. Numbers of lifts in parentheses]

Whitefish taken in mesh
1tem Less than 4 iaches 4 inches and more
Legal l Tllegal Legal ‘ Illegal
Total aumber of whitefish taken_.. .. . ... 48,939 | 46,441 18,231 l 12,820
(598) (238)
Average pumber of whitefish per lift___.__ ... ... .. sl 8 w7 76 6 339
Corrected for equal commereial yields. .. _____.______.__. __ P 818 77 818 37 6
Percentage legal and illegal . ... . . .. ... 31.3 487 387 413

The unequal numbers of fish in the lifts of large-mesh and small-mesh nets make
a comparison of their selective action difficult. A better comparison is made possible
by the determination of the numbers of illegal fish that must be handled in nets of

10 the original compilations the nets were grouped accordieg to m2sh size by half-inch intervals. This grouping proved unsatisfactory, how-
ever, since nets that fell within some int>cvals of mash siz> were fished chiefly on grounds with an abundance of undersized whitefish whereas the
pets of other mesh aizes were fished predominantly on grounds where young whitefish were extremely acarce, 1la order to reduce irregularities from
this source, only two size groups of mesh were employed in the preparation of data on the release of illegal-sized whitefish.
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each mesh size when the commercial yields are equal. This determination (third row
in body of table) shows that large-mesh nets that take an average of 81.8 legal fish
may be expected to contain an average of 57.6 illegal individuals as compared with
77.7 undersized whitefish in small-mesh nets with equal commercial lifts.

From thé averages of 77.7 and 57.6 illegal whitefish per lift it may be estimated

that large-mesh nets released 100 X 77—'777757‘6

or 25.9 percent of the undersized

individuals. For every 100 illegal whitefish taken in small-mesh nets, 74.1 shounld
be taken by large-mesh nets with the same commercial catch.

The data of table 36 and the computations based upon them are open to the very
serious objection that the actual numbers and the percentages of legal and illegal fish
taken in nets of any size of mesh vary according to the nature of the stock at the place
and time the nets are fished. Truly discriminating data on selectivity must be founded
on the lifts of nets that are identical except for the size of mesh and that are fished
under strictly comparable conditions, that is, on the same grounds, at the same depth,
in the same year, and at the same time within the season.

Table 37 contains comparisons of the cateh of large-mesh and small-mesh pound
nets and deep trap nets, based on lifts made-in the same year (1932), in the same
month, on the same grounds, and at the same depth. The data are confined to com-
parisons in which nets of both sizes of mesh are represented by at least 5 lifts. The
necessary restrictions reduced the number of possible comparisons. However, the
averages of the 10 independent sets of observations are reasonably reliable.

TaBLE 37.—Comparison of the numbers of legal and illegal whitefish per lift in small-mesh and large-mesh
pound nets and deep trap nets fished in the same year (1932) and month, on the same grounds, and at
comparable depths

[Number of lifts in parentheses]

Number of whitefish per lift l
in nets of mesh size Percentage legal ia gets of
| mesh size
i d Month Depth
Fishing grounds ont {feet) Less than 4 inches 4 inches and more
Less thaa 4 iaches aad
Legal Ilega! | Legal 1llegal 4 inches more
October_.__ <61 16.8 48| 223 2.9 7.8 88.5
(6) (22)
August___._ 71-80 62 8 a1 80.1 | 150.4 ®) 148.2 43.9 50.4
1)
Juoe_.._... 81-90 176 0 ( 150 1 | 142.5 @® 57.1 54.0 71.4
a-0q 15)
Northeastern Lake Michigan____. July_ ... 81-90 | 158.6 97.5 | 130.7 78.8 61.9 62 4
(10) 6)
August_.... 81-90 121.9 (4 64.8 | 233.0 @ 108.1 65 3 68.3
) )
Auvgust...._ 91-100 39.4 ( 25.1 82.3 @ 57.4 61.1 58 9
8) )
September. 91-100 81.5 79.3 76 8 40 50 7 63 6
6) 8)
May_...... >110 41.2 288.1 24.9 154.0 12.5 13.9
. (20) 7)
Alpena-Ossineke_ ... ________ Juge....._ >110 14 2 ; 73 2 6.0 30 6 19.0 16.4
18) 5)
July. ... >110 26.5 54.3 49 5 97.9 328 33 6
(14) (8)
Average. - - -l 4.2 91.7 | 91.8 77.9 4.7 54.1
Corrected for equal commercial
7 (2 5 SR RUIP N [SPRp I I 91 8 113 .4 91.8 7 e
J

The averages of the 10 comparisons show that the large-mesh pound nets and
deep trap nets took more legal whitefish and fewer illegal fish than the small-mesh
nets fished under comparable conditions. In round numbers, small-mesh nets took an
average of 92 undersized individuals in producing 74 fish of marketable size, whereas
large-mesh nets took only 78 illegal whitefish for a commercial production of 92 fish.
The correction for equal commercial production shows that small-mesh pound nets
and deep trap nets with a commercial catch equal to that of large-mesh nets (92 fish)
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may be expected to capture 113 illegal whitefisli to only 78 in large-mesh nets. The
1134 — 779 or 31.3

113.4
percent. This percentage of release is more reliable than the release of 25.9 percent
computed from the average catches of the two groups of nets without consideration of
the effects of locality, depth, and time.

That the undersized whitefish, as well as the lake trout commonly taken with
them, do escape from the pots of impounding nets with the larger meshes is further
suggested by the progressive increase in the average sizes of these fish with each in-
crease in the size of mesh (table 38).

The controversy concerning the proper size of mesh in the pots of impounding nets
does not, however, revolve so much around the release of undersized fish as around
the escape of legal-sized fish, both whitefish and lake trout. It is not believed that
any legal-sized whitefish can go through mmeshes smaller than 41% inehes as found in
use (the minimum size required by Michigan’s law), but it is most probable that some
legal-sized lake trout escape as is suggested by the larger average size of these fish in
the bigger-meshed nets (table 38).

release of undersized fish by large-mesh nets is, therefore, 100 X

TaBLE 38.—Average size of whitefish and lake trout taken from Lakes Huron and Michigan in 1931 and 1932
in impounding nets with different sizes of mesh in the pot

[Sizes of mesh represent stretched measurements as found in use. Nuhers of fish employed are shown in parentheses]

Lake trout
Undersized whitefish o R -
. . . ilrss than 2 pounds) Undersized (less
Size of mesh (inches) in than 113 pounds) Legal-sized
tmpounding nets
i ‘ S . : —
Average total Average weight Average weight Average total Average weight
length (inches) (lhs. and 02.) (Ibs. and oz.) length (inches) i (1bs. and oz.)

- - f—
LB — S 14 6 18 4 ‘ 2-7 2
3) (10) | (13)

|

3-37/16. . 1 0131 | 21 6 H 2-11 4
1 (54) | 34) | (LR | ()
31/2-315/16_ ... 176 1-9 6 1-5 2 2201 2-11 2
(123) (123) (13) (1301 305)
406 [ 178 1-10 2 =5 4 23 5 ‘ 2-14 9
\ (36) (36) ) (20 | (203)
41/2415:16.. .. .. CoGos 5 805 0ona0a00 00 | Kenmeae IR L ol IR~ | |- S S 1 3-8 6
| (7)

Additional information on this question of eseapement is provided by the length
and weight frequencies of the whitefish and lake trout gilled in the different sizes of
mesh (tables 39, 40, 41, and 42). Table 39 shows that all of the whitefish gilled in
meshes smaller than 3 inches were undersized. Presumably, then, no legal-sized white-
fish can escape through these meshes. It was not until a mesh of 35 to 3 15 16
inehes (about 4 to 4 7/16 inehes as manufactured) was used that legal-sized white-
fish were gilled in any numbers, although 91 percent of the gilled fish were still below
the 2-pound legal limit. Even the largest mecshes for which data are adequate (4 to
4 7/16 inches) did not permit many of the smaller fish to escape as 79 percent of the
gilled individuals in these meshes were undersized, and the average weight of all fish
was noticeably less than 2 pounds (1 pound, 11 ounces).

It is of interest to note from the frequencies that the bulk of the gilled whitefish
varied from 1 to 2 pounds in weight in meshes of 3 to 3 15/16 inches and from 1 to 214
pounds in the larger meshes—a range of only 1 or 114 pounds. The corresponding
range in length of these fish (table 40) was 3% inches (15 — 181%; 154 - 19; 16 - 191%
inches}.

The progressive increase in the average weight of the undersized gilled whitefish,
as well as in the average length (table 40), with each increase in the size of mesh
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indicates that some of the smallest individuals escaped. The average weight of the
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legal-sized, gilled whitefish, however, did not increase progressively with an increase

in mesh size (the average length showed a slight increase), thus suggesting that virtu-

ally no whitefish of 2 pounds or larger passed through any of the meshes for which

there were adequate data.

TasLE 39.—Weight frequencies and average weights of whitefish gilled in the pots of impounding nets of

Lakes Huron and Michigan, 1931-1932

{The weight intervals apply to fish with weights up to but oot including the upper limit.
ndersized fish were separated on the basis of a 2-pound limit]

Sizes of stretched mesh (iaches) as found in use

Weight interval Total

(pounds) pumber
<3 3-37/16 31/2-3 15/16 4-47/16 41/2415/16

4

18

22

131

187

191

116

46

26

8

4

3

1

757

Number of uodersized fish.............__..__ 17 103 384 165 0 669

Number of Jegal-sized fish. . 0 4 38 45 1

Percentage of undersized fish. 100.0 96 3 91.0 78.6 00 88 4
Average weight of all fish..___.. 0-14 4 1-6.1 1-80 1-11.0 240 1-8 4
Average weight of undersized fish. 0-14 4 1-5 5 1-6 9 1-7 7 [ ooccecaeeas 1-6 6
Average weight of legal-sized fish...._ ... ___|. ... 2-31 2-3 8 256 240 2-4.8

TaBLE 40.—Length frequencies and average lengths of whilefish gilled in the pots of impounding nets of Lakes

[The total-length intervals apply tn fish with lengths up to but not iocludiog the upper limit. The average lengths of legal-sized and undersized fish
were based only on those jndividuals for which records of weight also were available (number of specimens in pareotheses). Undersized fish

Huron and Michigan, 1931-1932

were separated oo the basis of a 2-pound limit, oot on length]

Sizes of stretched mesh (inches} as found in use

Total length iuterval Total
(inches) number
<3 3-37/16 31/2-315/16 4-47/16 41/2-415/16

111/2t012 oo 2
(12100 P11/ | IS 1
121/2 t0 13.. 2
13t0 13 1/2 10
13 1/2t0 14 | 8
14 t0 14 1/2 7
14 1/2 to 15 14
15t0 151/2 32
15 1/280 36 - oo i eeaceaaean 66
168 to 16 1/2 2 93
16 1/2 to 17 2 102
17 to 17 1/2 1 131
17 1/2 to 18 87
18t0 181/2 84
18 1/2 to 19 55
19tn 19 1/2 39
191/2 to 2 12
20 to 20 1/2 15
20 1/2 to 21 4
21 to 21 1/ 3
24 to 24 1/2. 1
Total . oo 768

Average total length (ioches) of alf fish_______ 147 16.5 17.0 17.6 19 2 17 0

Aversge total length (inches) of undersized fish_|[ 145 16 5 16 7 170 ool 16 7
\ (17) (103) (356) (61511 I (O, (638)

Average total length (inches) of legal-sized fish |- _..____.___. { 18 Y 191 19 4 19 2 19 2

(4) (36) (43) 1 (84)
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TaBLE 41.—Weight frequencies and average weights of lake trout gilled in the pots of impounding nets of
Lakes Huron and Michigan, 1931-1932

[The weight intervals apply to 6sh with weights up to but aot including the upper limit.
ndersized Gsh were separated oa the basis of a 1! 3-pouad limit]

Sizes of stretched mesh (inches) as found in use

Weight ioterval Total

(pounds) number
<3 3-37/16 3 1/2-3 15/16 4-47/16

2 (| P 11

5 | 18

9 39 2 50

6 36 5 47

‘3 34 3 42

1 21 8 30

2 4 1 7

1 4 1 6

2 z

1

2

29 158 25 216

Number of undersized fish.. 4 7 18 0 29

Number of legal-gized fish 0 22 140 25 187
Percentage of undersized 100 ¢ 241 11 4 00 13 4
Average weight of all fish_. . -2 8 1-11 8 1-14 4 2-4 6 1-14 6
Average weight of undersized 1-2 8 14 9 1-50 |- 14 7
Average weight of legal-sized fish ... __|._________________ 1-14 0 1-15 6 246 208

TaBLE 42.—Length frequencies and average lengths of lake trout gilled in the pots of impounding nets of
Lakes Huron and Michigan, 1931-1932
[The total-length intervals apply to fish with lengths up to but not including the upper limit. The average lengths of legal-sized aod undersized fish

were based only on those individuals for which records of weight also were available (number of specimens in parentheses). Uodersized 6sh were
separated on the basis of a 1 -pound limit, not on length]

Sizes of stretched mesh (inches) as found in use
Total length interval Total
(inches) ' number
<3 3-37/16 31/2-315/16 4-47/16
151/2t0 16 1
16 to 16 1/2__ 3
16 1/210 17 5
17t0 17 1/2 17
171/2 to 18 23
18t0181/2 33
181/2to 19._ 33
19t0191/2 e 3 38
191/2t0 20 l|eceoa . 1 24
20t0201/2 ... ISR | _ 8 25
201/2t0 21 ... N Yoo 5 18
21to211/2_. N 2 3 24
211/2t022.. 2 9
22t0221/2.. 2 4
2 Bl O - ccefaccccccmccccommena| 8 leeoccoeicaeaa-. 5
23t0231/2.. 1 1
B Vo R T SN (SN PRI IS R PR 1
240024 1/2. . il 1 1
0 5 29 205 26 265
Average total length (inches) of all fish. . 16 8 18 8 19.1 207 19 2
Average total length (inches) of under-
e (oheaof under: 16 9 17 3 17 2 17 2
4) (7) (18) (29)
Average total length (inches) of legal-
sized fish. .. .o .| { 19 3 10 4 206 195
\ (22) (136) (24) (182)

The situation with respect to the lake trout was somewhat different. The few
trout gilled in meshes smaller than 3 inches were all undersized (less than 1% pounds)
(table 41). The legal-sized trout started to gill noticeably in meshes of 3 to 3 7/16
inches. Only 24 percent of the gilled fish in these meshes were undersized, and the
average weight (1 pound, 11.8 ounces) of all gilled fish was well over the legal size
limit. The percentage of undersized gilled trout decreased to 11.4 in the 3%%- to
3 15/16-inchi meshes, and no illegal-sized fish were gilled in larger meshes. An exam-



370 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

ination of the frequencies and averages indicates that probably few legal-sized trout
escaped through the meshes of 3% to 3 15/16 inches (about 4 to 4 7/16 inches as man-
ufactured) since the modal weight of the fish in these meshes (between 1% and 134
pounds) was the same as in the 3- to 3 7/16-inch meshes and the average weight of
legal-sized fish increased only 1.6 ounces in nets of the latter sizes of mesh. Individ-
uals of these sizes did escape through meshes larger than 3 15/16 inches. It is doubt-
ful, however, whether many fish of 134 pounds or larger were able to pass through
meshes of exactly 4 inches (about 414 inches as manufactured).

It may be observed from the frequencies of weights that the bulk of the gilled
trout shifted to a higher weight-interval with each increase in the mesh between 3 and
4 7/16 inches, but the fish were always concentrated within a relatively small range of
weight (34 to 1 pound). The majority of the gilled trout weighed between 114 and 2
pounds in the 3- to 3 7/16-inch mesh, between 114 and 214 pounds in the 314- to 3 15/16-
inch mesh, and between 134 and 2V pounds in the 4- to 4 7/16-inch mesh. The ranges
in length of the bulk of the trout (table 42) varied from about 1 to 214 inches in these
various meshes (18 — 19%%; 1714 — 20; 20 — 21 inches).

The average weight of the undersized gilled trout, as well as the average length
(table 42), increased with an increase in the size of mesh from less than 3 inches to
3 to 3 7/16 inches (indicating release of some small fish). The size of fish did not
change, however (slight increase in weight; slight decrease in length), with a further
increase of 14 inch in mesh size suggesting that, though additional undersized fish were
released by the larger meshes, the size of mesh was not yet sufficiently large to permit
the larger undersized trout to escape. An increase of another 14 inch in the size of the
mesh apparently did permit this escapement for no undersized trout were gilled in
meshes of 4 to 4 7/16 inches. Even though these meshes or larger ones are used, it
may not be assumed that no undersized fish would remain in the net. They do not
all attempt to eseape.

The average weight and length of the legal-sized gilled trout increased slightly
with an increase in mesh size from 3 to 3 7/16 to 3l to 3 15/16 inches (indicating re-
lease of only a few fish), but increased to a greater degree with a further l4-inch
increase of mesh size, suggesting that some of the smaller fish of legal size had es-
caped. Nearly all of the trout gilled in meshes of 4 to 4 7/16 inches weighed 134
pounds or more.

In general, the data on the gilled fish and on the average sizes of fish retained
in the impounding nets indicate that Michigan's minimum size of mesh (414 inches as
found in use) preseribed for the pots of impounding nets employed in catching whitefish
and lake trout should not be reduced. This mesh 1s in fact too small to liberate a large
proportion of the undersized whitefish found in the nets, although on the other hand it is
too large to hold the smaller individuals of the legal-sized trout. A 4-inch mesh as
found in use would probably prove more effective for the capture of trout at the present
size limit of 115 pounds. A better solution than a reduction in mesh to prevent the
escape of legal-sized trout would be a substantial inerease in the legal size limit since
most lake trout (especially the females) under 3 pounds are sexually immature. It is
not practicable to prescribe different meshes for whitefish and trout as both species are
usually taken together on the same grounds. Further, a 415-inch mesh is also prescribed
for ¢ill nets employed for both species. et

DESTRUCTION OF WHITEFISH THROUGH GILLING IN THE MESHES
OF POUND NETS AND DEEP TRAP NETS

The gilling of undersized fish in the meshes of impounding nets constitutes a cer-
tain source of destruction since death follows soon after the individual is enmeshed.
It is, therefore, of importance to know what percentage of the illegal-sized whitefish
become gilled in commercial pound nets and deep trap nets, and how this percentage
varies with the size of the mesh. The death of legal individuals through gilling is of
lesser importance, although the market value of such fish may be impaired and large
numbers of gilled fish of any size add considerably to the fishermen’s labor in clear-
ing their nets.
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The data of table 43 on the numbers and percentages of gilled whitefish in pound
nets and deep trap nets are based on a combination of all nets of similar sizes of mesh
irrespective of fishing grounds, depth of water, and the month and year in which the
ne]tls wer;zl fished.?” None of these variables was found to affect the percentage of
gilled fish.

TABLE 43.—Numbers and percentages of lcgal and illegal whitefish gilled in large-mesh and small-mesh
pound nets and deep trap nets, 1931-1932 data combined for all localities and all depths of water

[The tahle is based only oa the lifts in which gilled fish were counted and separated according to size]

Whitefish taken in nets of mesh size
Itemn Less than 4 inches ‘ 4 inches and more
Legal llegal ’ Legal Nlegal
Total number of whitefish taken___________________ 45,441 44,759 i 15,024 12,613
Number of whitefish gilled . ... .. ___________ 154 1,057 ! 161 340
Percentage of gilled whitefish__. . . __________.__| 03 24 | 09 27

A larger percentage of both the legal and the illegal whitefish beeame gilled in
large-mesh nets than in small-mesh nets. The percentage of the legal fish gilled in
large-mesh nets although small was three times that gilled in small-mesh nets, but
the percentage of the illegal fish gilled in large meshes was only slightly above that
in small meshes. Tt may be considered probable that the greater ability of large
meshes to gill the larger illegal fish is compensated by the numbers of smaller illegal
fish that can pass through the meshes.

The percentages of gilled illegal whitefish in pound nets and deep trap nets (2.4
percent in small meshes and 2.7 percent in large meshes) do not point to gilling as a
very important source of destruction of undersized fish in a single lift. Should the
same fish be taken repeatedly the risk of death by gilling would be increased.

BLOATING OF LIVE WHITEFISH IN POUND NETS AND DEEP TRAP NETS

Another possible source of destruction of illegal-sized whitefish is the bloating
(the result of changing pressure) that frequently oceurs when nets are lifted. It can-
not be stated exactly how serious the effects of bloating may be. It is possible that
many fish that are not visibly bloated when a net reaches the surface may have been
injured seriously by the change of pressure, particularly if the net was lifted rapidly.
On the other hand, visibly bloated fish often appear to make a complete recovery,
and swim awayv vigorously upon return to the water.

Table 44 shows the relationship between the depth of water from which nets were
lifted and the extent of bloating of whitefish of legal and illegal size. The percentage

TABLE 44.—Relationship between the depth of water and the bloating of live whitefish in pound nets and deep
trap nets, 1931-1932 data combined for all localities

Total number of Number of bloated Percentage bloated Percentage bloated ‘ Percentage bloated
Depthlofiwater(feet) fish? fish fish legal fish? illegal fish?
< 7,206 0 0 00 0 00 0 00
61 to SO o 14,811 66 043 0 46 0 44
81 to 100__ 45,100 23 0 49 g 31 072
101 to 110. 24,493 265 1 08 0 65 1 66
>0 . 31,029 527 170 133 2.08
Total or average...__ l 122,648 1,081 0 S8 0 63 117

1 Includes only lifts in which hloated fish were couated.
 Only 63 perceat of the hloated fish were separated as to size.

37 Fish were considered to be gilled only when it was obvious that they had become enmeshed while the net was actually fishing. Freshly gilled
ilve fish were considered 10 have become enmeshed during the lifting process, and were not counted; usually they were ot injured.
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of bloated fish (legal and illegal fish combined) in the lift rose consistently as the depth
of water increased. No fish were bloated in nets (mostly pound nets) set at depths of
60 feet and less. At depths of 61-80 and 81-100 feet slightly less than one-half of
one percent were bloated. The percentage of bloated whitefish increased to 1.08 in 101-
110 feet, and rose still further to 1.70 percent in deep water (more than 110 feet).

The data on the percentages of the legal and of the illegal whitefish that were
bloated reveal that both sizes of fish share the general trend toward increased bloating
with increase in the depth of the water. The greater percentage of bloated legal fish at
61-80 fect in comparison with the percentage at 81-100 feet constitutes the only
exception. At all depths bevond 80 feet rclatively more of the illegal whitefish than
of the legal whitefish were bloated. This difference was probably due to the thinner
body wall of the younger fish. The averages for fish taken at all depths show that
0.63 percent of all legal fish and 1.17 percent of all illegal fish were bloated.

The bloating of live whitefish was probably an unimportant source of destruction
of undersized individuals. Only 1.17 percent of all illegal fish were bloated and the
maximum percentage of bloated fish at any one depth was 2.08 (deep water). How-
ever, the repeated capture of undersized fish would increase the risk of injury or death
through bloating.

DEAD WHITEFISH IN POUND NETS AND DEEP TRAP NETS

Commercial fishermen opposed to the use of deep trap nets contended that confine-
ment in this type of gear was fatal to whitefish and that dead illegal fish were very
numerons in the lifts. The data of table 45, which show the number and percentage of
dead fish (exclusive of dead gilled fish) at three different depths and the percentages of
the legal and of the illegal fish found dead at these same depths, do not, in general, sup-
port this contention.

TABLE 45.—Relationship between the depth of the water and the numbers and percentages of dead whitefish
in deep trap nets in Lakes Huran and Michigan, 1931-1932 data cambined for all lacalities in

each lake
Depth of water Total number of Numher ol dead Percentage dead Percentage dead Percentage dead
Lake (leet) fisht fish fish legal fish? illegal fish?

<81 .. ... 4,734 107 226 0 44 3 96
Huron.._.________|{81to110._____._. 35,736 204 0 58 0.32 0 20
SH0... . 30,313 195 0 64 0 45 0 84
All depths______.__ 70,783 511 072 0.38 110
o (<81 11613 24 0 21 T005 035
Michigan_._...._.__. 181 to 110 36,215 69 019 0 08 0 35
S VT I 827 2 024 0 26 022
All depms___,,,,__‘l 48,655 95 020 0 08 035

! Includes only lifts in which dead fish were counted.
2 Only 72 percent of the dead fish were separated as to size.

Almost 4 percent of the undersized whitefish were dead in the Lake Huron deep trap
nets lifted from depths of 80 feet or less. However, at that time (1931-1932)
relatively few deep trap nets were fished in such shallow water. Less than 1 percent
of the illegal whitefish were dead in nets lifted from greater depths. The average per-
centage of the undersized fish found dead in the lifts of all deep trap nets observed
in Lake Huron was slightly above 1 percent. The percentage of the dead among the
legal whitefish in Lake Huron dcep trap nets was small (average, 0.38 percent) and
showed little variation with the depth of the water.

The percentages of both the legal and the illegal whitefish found dead in deep trap
nets were much smaller in Lake Michigan than in Lake Huron. The shallow-water lifts
(80 feet and less) in particular had relatively few dead fish as compared with nets
from the same depth in Lake Huron. The percentages of dead whitefish in Lake
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Michigan do not appear to vary aecording to the depth of the water. (The data for
deep-water lifts are too scanty to be reliable.)

Although it cannot be said that deep-trap-net lifts contained large numbers of dead
whitefish, there s good evidenee that pound-net lifts contained even fewer. Not one
dead whitefish was found in all the pound-net lifts observed in Lake Michigan. In Lake
Huron pound nets only 0.61 percent of the whitefish were dead (0.94 percent of the legal
fish and 0.45 percent of the illegal fish). The percentage of dead legal fish was rather
high, but the percentage of dead undersized fish was far below that for deep trap nets in
shallow water (80 feet and less).

ESTIMATES OF THE PROBABLE DESTRUCTION OF ILLEGAL-SIZED
WHITEFISH IN CERTAIN LOCALITIES AND YEARS

It may be stated that the pereentage of undersized whitefish handled by the fisher-
men and destroyed in the lifting of pound nets and deep trap nets was small, although
that percentage was somewhat larger for deep trap nets than for pound nets. If we
define as “known destruction” the quantities of whitefish dead at the time the nets
were lifted (including dead gilled fish), the data of the preceding sections make pos-
sible the following estimates of the percentages of the undersized whitefish destroyed in
Lakes Huron and Michigan in pound net~ and deep trap nets of different sizes of mesh:

|
Lake ’ Mesh size Pound nets ’ Deep trap nets
Huron_ ... ... ... ........ . _l Less than 4inches.. .................... 255 3.50
o 4inchesand more_ ... .. S 3.15 2.80
Michigan. . ... ... . ...l Less than 4 inches. .. .. 2.40 W55
|14 inches and more_. . _. 2.70 305

These estimates, pereentages of “known destruction,” range from 2.40 to 3.80. To
the “known” destruction of undersized whitefish must be added the undetermined loss
that resulted from the death of bloated live fish (this loss could not have been much
greater than 1 pereent—see table 44) and of fish killed or injured fatally during the
sorting of the catch.

Despite the faet that the pereentage of the undersized whitefish that was destroyed
in a single lift was relatively small, the total destruction during the entire season may
have been eonsiderable, especially in those localities where the fishery was intensive and
voung whitefish were abundant. It is of some interest, therefore, to have estimates of
the total number of undersized whitefish eaptured by pound nets and deep trap nets and
of the total “known” destruetion in certain fishing areas (table 46).

The estimates of the total number of voung whitefish captured were based on the
known number of nets lifted (as determined from fishermen’s reports) and the average

TaBLE 46.—Estimated numbers of illegal-sized whilefish captured by pound nets and deep trap nets in cer-
tain areas of Lakes Huron and Michigan in certain calendar years, and the estimated known destruction
(fish dead at time of lifting) of undersized whitefish

Uadersized fish taken I Known destruction
Statistical districts Year . : _— N e
ound Jeep oun eep
nets trap nets Both nets trap nets } Both
| i i
H2oooo . 1931 127,000 321,000 448000 | 3,600 11400 | 15,000
1932 64,000 180,000 244,000 1,900 6,400 | 5,300
H-3, HAd_ ... 1931 193,000 124,000 322,000 | 5,600 1.400 10,000
1932 113,000 269,000 382,000 3.200 9.600 12,800
H-5 oo 1932 .. 130,000 130,000 ’ .............. 4,600 | 4,600
1933 | . 616,000 616,000 fomommmooooeoes 21,700 | 21,700
M2, M3 . 1931 136,000 164,000 305,000 3,600 4,800 8,400
1932 120,000 315,000 435,000 3,200 8,900 12,100
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number of undersized whitefish per lift (as determined from our observations in the
field). Estimates were made separately for large-mesh (4 inches and greater) and
small-mesh (less than 4 inches) nets and combined to obtain the totals listed in the
table. It was necessarily assumed that the relative numbers of large-mesh and small-
mesh nets in the general fishery were the same as those observed by our investigators
in the field. Estimates were made of the capture and destruction of illegal-sized
whitefish by deep trap nets in H-5 in both 1932 and 1933, although field observations®®
were made only in 1932. The computations for 1933 (based on the assumption that
the abundance of young whitefish and the relative numbers of large-mesh and small-
mesh nets were the same in that year as in 1932) were carried out merely to provide a
rough idea of the large numbers of whitefish that probably were handled during the
vears of intensive fishing in southern Lake Huron.

The estimated numbers of young whitefish handled by pound-net and deep-trap-
net fishermen in the various districts and vears were large (130,000 to 616,000). The
estimated destruction, however, appeared to be relatively small (4,600 to 21,700). The
combination of the data for all districts and years indicates a loss of 2.8 percent of all
undersized whitefish taken in pound nets and of 3.4 percent of those captured by deep
trap nets. These figures should not be taken as indicative of the percentage loss of the
total population of undersized fish (of the sizes handled) as many fish may have
been eaptured more than once and others, doubtless, were not captured at all.

Estimates were made also of the loss of small whitefish in the entire lakes (Michi-
gan waters) in 1932, the year of our most extensive field observations. The 1932
pound-net yield in districts H-2 to H-5, inclusive, amounted to 43.5 percent of the
cateh of whitefish in pound nets in the entire lake. The “known’ destruction of white-
fish by pound nets in these districts in 1932 amounted to 5,100 individuals (table 46).
If the average conditions of the pound-net fishery (abundance of young fish on the
grounds and relative numbers of large-mesh and small-mesh nets) in H-1 and H-6 are
assumed to have been similar to those of the fishery in H-2 to H-5, the “known’ de-
struction of undersized whitefish in the pound nets of all Michigan waters of Lake Huron
in 1932 can be calculated as 5,100/0.435 or 11,700 fish. Similarly, the deep trap nets
of districts H-2 to H-5 accounted for 93.8 percent of the total deep-trap-net catch
and for the estimated destruction of 20,600 young whitefish. The estimated “known”
destruction for all six districts was, therefore, 20,600/0.938 or 22,000 fish. The com-
bined “known” destruction of pound nets and deep trap nets in Lake Huron in 1932 was
33,700 whitefish.

The same calculations for the Michigan waters of Lake Michigan showed that in
1932 districts M-2 and M-3 yielded 52.1 percent of the total catch of whitefish in pound
nets and 76.5 percent of the deep-trap-net production. These percentages applied to
the figures on “known’ destruction in table 46 vielded the following estimates of the
loss of undersized whitefish in all eight distriets: pound nets—6,100; deep trap nets—
11,600; pound nets and deep trap nets—17,700.

The estimates of the “known” destruction of undersized whitefish by deep trap nets
in all Michigan waters of Lakes Huron and Michigan in 1932 (22,000 and 11,600 indi-
viduals, respectively) can not be termed large. If that gear was extremely harmful to
the stocks of small fish the loss must have occurred through the death of fish that were
killed or injured fatally in the sorting of the catch.

The opinions of the fishermen concerning the ability of the whitefish to withstand
handling were found to vary widely. Some (particularly those who were opposed to the
use of deep trap nets) contended that whitefish are extremely delicate—that they are un-
able to survive removal from the water for even short periods of time and will die as the
result of the least amount of handling. Others (especially deep-trap-net fishermen) held
that the whitefish is exceptionally hardy—that with only reasonable care very few or none
at all arc injured during the sorting of the catch.

Data are not available to show which of the above diametrically opposite view-
points is the more nearly correct. However, the fact that 101 or 22.1 percent of 457

N ?The pound-net fishery for whitefish was negligible in H-5 in 1932 and 1933 (appendix B). Our investigators observed no pound-net lifts in
this district.
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young whitefish tagged in Lake Michigan were later recovered (Smith and Van Oosten,
1940)3° suggests that they successfully withstand careful handling.

Our field investigators reported that almost all deep-trap-net fishermen were ex-
tremely careful in the sorting of the cateh. To be sure, they may have been more than
ordinarily painstaking when the investigators were aboard their craft. Nevertheless,
most of them appeared to be following a well established routine that involved a min-
imum of handling of illegal-sized whitefish and a minimum length of time out of the
water. Only one fisherman was observed whose method of sorting was considered likely
to result in the death of a high percentage of the undersized whitefish.

The fact that the illegal whitefish taken by the deep trap nets in Lakes Huron
and Michigan were so near the legal size increased greatly the potential harm resulting
from the destruetion of undersized individuals. It was estimated that practically all
of the illegal-sized whitefish observed would have attained the legal weight of 2
pounds within another year, as their average weight at capture was 1 pound, 9.7 ounces
(17.6 inches, total length). However, the illegal-sized whitefish from the pound nets of
Lake Huron (no data from Lake Michigan pound nets) were relatively small (13.1
ounees and 14.1 inches, total length).

SHRINKAGE OF THE TWINE IN POUND NETS AND DEEP TRAP NETS

The fact that pound-net and deep-trap-net twine is treated regularly (usually in the
spring of each year) with tar or copper oleate as a preservative gives rise to a troublesome
question as to whether the minimum legal size of the mesh shall be designated “as found
in use” or “as manufactured.” It is well known that the application of a net preserva-
tive to cotton twine is almost always accompanied by some shrinkage. However, the
exact extent of this shrinkage is not predictable for individual nets. The amount of
shrinkage of the twine varies with the method of applying the treatment, the number of
times the webbing is treated, the nature of the webbing as received from the manufac-
turer, and possibly with the type of preservative employed. If the minimum legal mesh
size is defined “as found in use,” honest fishermen conceivably might find themselves
confronted with the problem of large amounts of expensive gear rendered useless by un-
expeeted high shrinkage. On the other hand, if the minimum mesh size is defined “as
manufactured,” unserupulous fishermen may so control the type of twine purchased and
the method of preservation as ta shrink the mesh to a size far below the intended legal
minimum. Regardless of how the legal minimum mesh size is designated, it is of im-
portance to have data available on the average amount and the range of the shrinkage
of pound-net and deep-trap-net twine following the application of a preservative.

The results of 648 measurements of pound-net and deep-trap-net meshes as found
in use are recorded in table 47.# The data have been grouped according to the size
of the mesh (extension measure) as manufactured and to the type of preservative
applied. The former grouping (as to size of mesh when manufactured) is based en-
tirely on the fishermen’s statements. The meshes were measured by inserting a thin
steel rule in one end of the collapsed mesh, pulling the twine taut, and reading the length
between and inside the knots (not from the ecenters of the knots). Measurements
were made both parallel with the selvage (first measurement of each series in table 47)
and at right angles to it (second measurement).

Although most of the fishermen who were interviewed believed that tar shrinks
webbing more than does copper oleate, their belief is not entirely supported by the data
of table 47. It is true that tarred nets of 41/4-inch and 4%%-inch original mesh size suf-
fered greater shrinkage than nets of tlie same mesh size treated with ecopper oleate. On
the othier hand, nets with a faetory measurement of 314 inehes shrank eonsiderably more
under copper-oleate treatment than did nets of the same mesh size treated with tar;
a slightly greater shrinkage from copper oleate was found also for 4-inch-mesh nets. If
all sizes of mesh are considered together, there appears to be little difference between the

¥ Smith, Oliver H. and John Van Oosten. Tagging Experiments with Lake Trout, Whitefish, and Other Species of Fish from Lake Michigan.
Trans. Am. Fish. Soz., vol. 69, (1939) 1940, pp. 63-84.

40 The data of table 47 do not represent 643 different nets as some nets were visited more than once. Several nets of mesh size larger than 414
inches as manufactured were measured, but there were not enough of any single mesh size to yield reliable averages.
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TaBLE 47.—Shrinkage of pound-net and deep-trap-net twine following the application of lar or copper oleate
as preservatives

[The average amounts of shrinkage are given in parentheses below the average measurements of the meshes as found in use. All averages
are to the nearest sixteenth of an inch]

Size of mesh as manufactured

3 1/2 inches 4 inches 4 1/4 inches 4 1/2 inches
Type of treatment
Number of . Number of : Number of . Number of o
b ep BES e ) wende hml e
ments ments ments ments

3 13/16x3 15/16 3 7/8x3 15/16

|
. 3 1/8x3 1/8 3 0/16x3 5/8 o s
Tar oooooas 38 { (6/16x6/16) } B { (7/16x6/16) l 39 I\ G/16x3/16) } 206 { (10/16x9/16)
, . |[215/16x3 3 9/16x3 9/16 I 3 15/16x4 [ 4171654 1/8
Copper cleate...._.... 47 1 (9/1635/16) } 80 { (7/16x7/16) } (5/10\4/16) ) w0 | (7/16x6/16)
: .S 3x3 1/16 || 3 9/16x3 5/8 Iy 4x4
LG O e o &9 |( s/16x7/16) |} 228 { (7/16x6/16) } 1 Y oes/16) !\ { (9/16x8/16)
|

<hrinkage produced by tar and by copper oleate. WWith both treatments measurements
made parallel with the selvage showed on the average 1/16 inch greater shrinkage than
did those made at right angles to the selvage.

The data for individual nets showed a variation from “no shrinkage” to a maximum
shrinkage of 1 inch. It is this wide range of variation in shrinkage that makes the
designation of the legal minimum mesh in terms of “size as manufactured” so eminently
undesirable. The average shrinkage of meshes measured in this study was 7/16 inch or
slightly less than 14 inch. If it were known that the shrinkage of all nets closely
approximated this average, the designation of a legal minimum mesh size (as manufac-
tured) % inch larger than that intended for nets as found in use might prove reasonably
satlcfactory. However, the wide range of shrinkage makes such a procedure impractical.
If the legal minimum mesh is to be defined “as manufactured,” allowance should be
made not for the average observed shrinkage but for the maximum possible shrinkage.
A further objection to the designation of the legal minimum mesh size ‘“as manufae-
tured” lies in the fact that illegal nets can be fished with impunity if they have been
treated before examination by a conservation officer. In other words, there 1s no exact
means of determining the original mesh size of a treated net.

The conclusion is obvious that the most satisfactory method of designating mini-
mum legal mesh sizes of pound nets and deep trap nets is on the basis of mesh size
“as found in use.” The wide experience of most commereial fishermen with different
kinds of webbing and preservatives is certainly sufficient to preclude excessive losses as
the result of undue shrinkage of their twine.

SUMMARY

1. The present investigation of the whitefish fishery of Lakes Huron and Michi-
gan was undertaken because of the threat to the whitefish stocks offered by the intro-
duetion and rapid expansion in the use of a new and iremendously efficient gear, the
deep trap net. This net, which was developed in Lake Ontario, was introduced into
Lake Huron off Alpena, Mich., in 1928. Beginning in 1930, the use of the deep trap
net expanded rapidly throughout the State of Michigan waters of Lake Huron and
northern Lake Michigan. Operations with this gear were relatively limited in other
waters (Wisconsin waters of Lake Michigan; Indiana waters of Lake Michigan;
Michigan waters of Lake Superior and southern Lake Michigan). The greatest
development of the deep-trap-net fishery occurred in the Michigan waters of central
and southern Lake Huron.

2. The investigation was carried out along the following general lines:

a. A review of the available statisties on the production of whitefish in Lakes Huron
and Michigan over the period, 1879-1939.
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b. A detailed analysis of the fluctuations in the production and abundance of white-
fish and in the intensity of the whitefish fishery in the different areas of the Michigan
waters of Lakes Huron and Michigan in the years, 1929-1939, with special reference to
the effects of the operations with deep trap nets. The methods of analysis are described.

c. A study of the bathymetric distribution of whitefish of legal and illegal size in
order to obtain data on which to base recommendations for possible restrictions on the
depth of water in which deep trap nets may be fished.

d. Observations in the field on the fishing action of pound nets and deep trap nets
—particularly on the extent of the destruction of undersized whitefish. The field work
was carried out in 1931 and 1932.

3. Although the fluctuations in the yield of whitefish in the various areas of Lakes
Huron and Michigan over the period, 1879-1939, were by no means the same, certain
general trends may be described. Production was high in all areas in the early years
of the period. Later declines brought the cateh to a much lower, and in some waters
remarkably stable, level about which the production fluctuated for several decades.
A pronounced general increase in the yield of whitefish oceurred in the late 1920’s and/or
early 1930’s. This increase was relatively greater and the subsequent decline was rela-
tively more severe in the State of Michigan waters of Lake Huron than in other regions
of the Great Lakes. Graphical representations of the history of whitefish production
in different areas of Lakes Huron and Mlichigan are given in figures 2 and 3.

4. The increase in the abundance of whitefish that occurred in the late 1920’s
and early 1930’s complicated greatly the problem of detecting the effects of deep-trap-
net operations on the whitefish fishery of the State of Michigan waters of Lakes Huron
and Michigan. This increase would hiave brought about a rise in both fishing intensity
and catch even had deep trap nets not been introduced.  Furthermore, a decline from this
abnormally high level of yield and abundance was logically to be expected; the mere
occurrence of a decline could not be interpreted as the result of the use of deep trap nets.

5. Despite this difficulty, the following observations demonstrated conclusively the
disastrously harmful effects of extensive deep-trap-net operations on the stocks of
whitefish:

a. The regions in which the deep-trap-net fishery underwent its greatest expansion
(the four southernmost statistical districts of Lake Huron—see fig. 4) suffered an un-
reasonable multiplication of fishing intensity. In these distriets of eentral and southern
Lake Huron (H-3 to H-6) the maximum vield of whitefish was 4.3 to 26.6 times the
1929 catch; the maximum fishing intensity was 3.8 to 42.1 times the 1929 intensity. In
the two northerly distriets (H-1 and H-2) —arcas in which the use of deep trap nets was
muceh less extensive—the respective maximum productions were only 2.6 and 3.2 times
the 1929 cateh; the mavimum fishing intensity was 2.3 times that of 1929 in each dis-
trict.

b. In all districts of Lake Huron the introduction of the deep trap net brought
about a tremendous increase in the catch of whitefish. After about two years of high
production the catch fell sharply. This deerease in yield was accompanied by a rapid
decline in the abundance of whitefish. However, these deelines were relatively greater
in central and southern Lake Huron. The 1939 production of whitefish, expressed as
a pereentage of the 1929 catch, was 38 in H-1 and 23 in H-2. These percentages were
only 1 and 5 in H-3 and H4. In H-5 and H-6 the 1939 vields were only 19 and 46
percent, respectively, of the 1929 production despite fishing intensities that were 4.3
and 4.9 times those of 1929. The 1939 abundance of whitefish, expressed as a percent-
age of the 1929 abundance, was 41 in H-1 and 43 in H-2. In central and southern Lake
Huron these percentages were: H-3, 6; H—4, 7; H-5. 5; H-6, 10. These figures dem-
onstrate that whereas the whitefish fishery merely deeclined in those distriets (H-1
and H-2) in which the use of the deep trap net was relatively moderate, it collapsed in
the districts (H-3 to H-6) in which deep-trap-net operations underwent their greatest
expansion. The excessive use of deep trap nets, therefore, may be stated positively to
be the eause of the present eritieal eondition of the whitefish fishery in Lake Huron.
The severity of the depletion is illustrated by the fact that the 1939 production of only
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255,000 pounds was less than half the previously reported all-time low (555,000 pounds
in 1900).

c. The statistics of the whitefish fishery of northern Lake Michigan (districts M-1,
M-2, and M-3) for the years, 1929-1939, lend support to the conclusions based on the
data for Lake Huron. In these Lake Michigan districts as in H-1 and H-2 the devel-
opment of the deep-trap-net fishery may be termed relatively moderate. Although the
whitefish fishery of northern Lake Michigan underwent a decline—a decline to which
the use of deep trap nets may have contributed substantially—the severity of the
decreases did not approach that of the decreases of central and southern Lake Huron;
rather the changes resembled those that took place in northern Lake Huron. The deep
trap net was of no significance in the State of Michigan waters south of distriet M-3,
except in M-7 where it was the dominant gear for the production of whitefish in the
single year, 1934.

6. The harmful effects of the deep-trap-net fishery can be traced to its great effi-
ciency for the capture of whitefish in comparison with pound nets and large-mesh gill
nets. Pound nets, which are held in position by stakes driven into the bottom of the
lake, occupy the same position throughout the season, can be set only on soft bottom,
and seldom are fished in water deeper than 60 feet. Deep trap nets, which are held
in position by anchors and buoys, can be set on almost any kind of bottom and can be
moved readily to any depth of water in which whitefish oceur abundantly. These
characteristics of the gear made possible the heavy exploitation of the whitefish at the
time of their summer concentration in rclatively deep water—far beyond the reach of
pound nets. Gill nets have long been fished in these depths of the summer concentra-
tion of whitefish but in the modern fishery this gear has proved to be relatively unsuc-
cessful for the capture of whitefish, except under certain special conditions (as during
the spawning run or in limited local areas).

7. Records of the catch per lift of deep trap nets revealed that the gear was much
less successful in northern Lake Huron (districts H-1 and H=2) and Lake Michigan
{districts M-1, M-2, M-3, and M-7) than in central and southern Lake Huron (H-3 to
H-6) This situation doubtless accounted in part (see p. 339) for the relatively less
extensive development of the deep-trap-net fishery in Lake Michigan and northern
Lake Huron.

8. Counts of legal- and illegal-sized whitefish in hfts of pound nets and deep trap
nets from different depths of water were employed in a study of the bathymetric distribu-
tion and vertical movements of the species during the summer and early autumn.

9. The combined data for the months, May to October, inclusive, indicated that
legal-sized whitefish were most abundant in Lake Huron at depths of 81 to 110 feet
with the peak concentration in 91 to 100 feet. Illegal-sized fish were most abundant in
71 to 110 feet with a maximum concentration at 81 to 90 feet, 10 feet shallower than the
depth of greatest abundance of legal fish. The records for the grounds off Alpena and
in the Saginaw Bay area suggest that both legal- and illegal-sized whitefish may move
onshore during the summer and return to deeper water in the autumn.

10. The whitefish lives in shallower water in northern Lake Michigan than in Lake
Huron. The averages for the entire season (May to October, inclusive) showed legal-
sized whitefish to be most abundant in 71 to 110 feet (peak concentration at 81-90
feet) and illegal-sized fish in 61 to 110 feet (peak at 71-80 feet). The depths of the
peak concentrations were 10 feet shallower in northern Lake Michigan than in Lake
Huron for fish of corresponding size.

11. The records for the individual months indicated that both legal- and illegal-
sized whitefish in northeastern Liake Mlichigan moved toward deeper water from June
to September. The October data provided some indication of a return migration in
the autumn. These movements are the reverse of those indicated by the data for the
Lake Huron whitefish.

12. The vertical distribution of whitefish in northeastern Lake Michigan was char-
acterized by the presence of two concentration zones of both legal- and illegal-sized fish.
Although the actual depths at which the zones occurred varied from month to month
with the offshore and onshore movements of the fishi, the two concentrations remained
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distinet nevertheless in every month but September in the 5-month period, June to
October.  The inshore and offshore concentrations of legal-sized whitefish were sepa-
rated by a difference in depth of 20 feet in each of the four months in which both were
present. The offshore concentration of illegal-sized whitefish was 30 feet deeper than
the inshorc concentration in June, July, and August, but was only 20 feet deeper in
October.

13. The persistent occurrence of two concentration zones of whitefish in northeast-
ern Lake Michigan throughout most of the summer and early autumn raises the ques-
tion of the possible existence of distinet inshore and offshore populations or races.
Arguments were outlined brieflty for and against this interpretation of the two coneen-
trations; available data do not, however, permit a definite decision.

14. On the basis of the observations on the bathymetric distribution of whitefish,
it was suggested that young fish would be protected from excessive handling and possible
destruction and legal-sized fish from ruinous exploitation if the operations of deep trap
nets were limited in Lake Huron to depths of 80 feet and less and in Lake Michigan to
depths of 70 fect and less. The proposed restriction has been effective in Lake Huron
since August 1, 1934; the use of deep trap nets was made illegal in Lake Michigan after
1935.

15. A limited amount of information was presented on the bathymetrie distribution
and scasonal movements of the lake trout; vellow pike, burbot, white sucker, and long-
nosed or sturgeon sucker.

16. Comparisons of the average numbers of fish per lift of large-mesh (meshes of
4 inches or more, cxtension measure, in the pot) and small-mesh (less than 4 inches)
pound nets and decep trap nets operated under comparable conditions (on the same
grounds, in the same calendar year and month, and in the same depth of water) re-
vealed that in general the large-mesh nets took the greater numbers of legal-sized white-
fish and the lesser numbers of illegal-sized individuals. Large-mesh nets took 31.3
percent fewer undersized whitefish than did small-mesh nets that captured an equal
number of legal-sized fish. Further evidence for the escape of undersized whitefish
from the nets with larger mesh sizes was provided by the regular increase, with increase
in the size of mesh, in the average length and weight of illegal-sized whitefish ecaptured
in pound nets and deep trap nets or gilled in the meshes of the lifting pot.  On the basis
of the selectivity data a minimum mesh size of 414 inches or greater (extension meas-
ure as found in use) in the pots was recommended for pound nets and deep trap nets
employed for the capture of whitefish and lake trout. (This size of mesh is preseribed
by the present State of Michigan law.) Although the data indicated that meshes of
434 inches or more will permit the escape of thie smaller legal-sized lake trout, a smaller
mesh cannot be rccommended beeause lake trout and whitefish ordinarily are taken to-
gether. Furthermore, data on the size of lake trout at first maturity indicate the need
for an inerease in the size limit (nmow 1! pounds) rather than a deercase in the minimum
legal mesh size of pound nets and deep trap nets.

17. Obscrvations of the lifting of pound ncts and deep trap nets did not indicate
the destruetion of illegal-sized whitefish to be excessive even in those arcas in which
it was estimated that hundreds of thousands of young fish were captured in a single
scason. The “known’” destruction of undersized fish (individuals dead from gilling or
other causes at the time of lifting) ranged from 2.40 to 3.80 percent according to the
lake, type of nct, and size of mesh. Thesc pereentages tended to be higher for deep trap
nets than for pound nets. To the “known” destruction must be added the undeter-
mined losses from the later death of live bloated fish (only a little more than 1 percent
of the live illegal-sized whitefish were bloated) and of fish killed or injured fatally during
the sorting of the catch. Field observations indicated, however, that most (but not
all) fishermen attempted to avoid rough handling of small whitefish and returned them
to the water as soon as possible.

18. Extensive measurements were obtained of meshes in the pots of pound nets and
deep trap nets in order to determine the amount of shrinkage produced by different types
of preservatives applied to the twine. No significant difference could be found between
the shrinkage brought about by treatment with tar and copper oleate. The mesh size
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of treated nets averaged a little less than a half inch smaller than the mesh size as manu-
factured. The amount of shrinkage varied widely, however, in the individual nets.
Because of this variation the minimum legal size of mesh should be specified “as found
in use” rather than “as manufactured.” Once a net has been treated, it is impossible
to determine exactly the original size of the mesh.

APPENDIX A
SOURCES OF THE DATA ON PRODUCTION, 1879-1939

The following paragraphs contain the details concerning the sources of the produc-
tion data of table 1. Where more than one source was available for any single year,
preference usually was given to that with the most continuous record over a period of
years.

(1) Sessional Papers of the Parliament, Dominion of Canada: all data for the
Canadian waters of Lake Huron, 1879-1905.

(2) Annual Reports of the Game and Fisheries Department of the Province of
Ontario: all data for the Canadian waters of Lake Huron, 1906-1939.

(3) Reports of the United States Comnmissioner of Fisheries and his administrative
successors: all data for United States waters, 1879 (repeatedly listed erroneously in the
reports as for 1880) and 1885; United States waters, except the Wisconsin waters of
Lake Michigan, 1890 (inchuding the total for the Lake); Wisconsin waters of Lake
Michigan, 1926-1939; total for Lake Michigan, 1925; Indiana and Illinois waters of
Lake Michigan, 1879, 1885, 1890, 1897, 1903, 1917, 1922, and 1925-1939 (actually, no
whitefish cateh was reported from these States in 1938 and 1939). The Indiana and Illi-
nois catches of whitefish in Lake Michigan for the above years, although not recorded in
table 1, have been included in the Lake Michigan totals. All other Lake Michigan
totals for individual years, except 1889 and 1908, are exclusive of the Indiana and
Tllinois catches.

(4) Reports of the State of Michigan Department of Conservation and its ad-
ministrative predecessors: State of Michigan waters of Lake Michigan, 1911; State of
Michigan waters of Lakes Huron and Michigan, 1912-1928.

(5) United States Bureau of the Census—Fisheries of the Great ILakes, Census
Bulletin no. 173: all United States waters (including catches in Illinois and Indiana),
1889. Fisheries of the United States, Special Report: Wisconsin waters of Lake Mich-
igan, 1908; Indiana and Illinois waters of Lake Michigan, 1908 (not listed in table 1
but included in the total for the lake).

(6) Compilations made from original State records:

Wisconsin.—\Wisconsin waters of Lake Michigan, 1890, 1892-1897, 1899, 1903,
and 1909-1925.

Michigan~—Michigan waters of Lakes Huron and Michigan, 1891-1908.

Michigan.—Compilations from the daily reports of commercial fishermen—State
of Michigan waters of Lakes Huron and Michigan, 1929-1939. (These data are
treated in detail in part 11.)

Although certain data are available for earlier yvears, the statistical records for
the whitefish fisheries of the United States waters of Lakes Huron and Michigan
may be assumed for practical purposes to begin with 1889 and 1891. The 1879, 1885,
and 1890 catches included longjaws, blackfins, and Menominee whitefish in Lake
Michigan, and Menominee whitefish in Lake Huron. The only clue as to the extent
of the errors brought about by these inclusions is provided by the fact that in 1890
longjaws, blackfins, and Menominee whitefish made up about 26 percent of the
reported catch of whitefish in Lake Michigan (1,398,238 pounds in a total of 5,455,079
pounds). The 1890 total for the Wisconsin waters of Lake Michigan is based on State
records and is not known to include any species other than whitefish. However,
Wisconsin contributes a relatively small part of the total whitefish catch in Lake
Michigan.

As has been mentioned previously, the lLake Michigan totals for several individual
vears do not include the catch of whitefish in Indiana and Illinois waters. However,
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the error involved is small, as the following catches for the years in which the pro-
duction in these two States is known will show:

Fear Pounds Year Pounds Year Pounds
1885 . e . 1247086 1922, e 20,800 1933 .. . 6,600
1889 ... ... ! 37,375 12,094 1934 4,600
1890 . - *94,736 22436 | 1935..... .. 1,500
1897.... ... .. ... ... .. 39,760 15,454 1936 6,500
1899 . .. ... .. - 10,558 1929 . .. ... BT 36,375 1937......... .. - 3,800
1903 . ... ... ... . ... 2,905 1930..... ) N 10,695 1938 o catch
1908 . ... 65,000 1931 . . ... . 9,755 1939, . do.

1917 ... . 37,750 1932 con (RN 12,450

! Includes longjaws, blackfins, and Menominee whitefish. .
2 Includes loogjaws, blackfins, and Mennminee whitefish—the total listed for the lake daes nat, however, include these species.
3 Fiscal year.

The tabulation of the statisties of the production of whitefish in the Canadian
waters of Lake Huron has been started with 1879, the first year for which statisties
are available for United States waters. Available statistics on the produetion of white-
fish in the Canadian waters of Lake Huron for the carlier years, 1867-1878, have been
omitted from table 1 because of the lack of comparative data for United States waters.
These earlier Canadiau records also are open to the eriticism that in a number of years
the produetion reported for Huron proper included the eatch in the St. Clair River and
in Lake St. Clair to the point of inflow of the Thames River. The catches listed under
“Huron proper” for the years, 1879-1921, were taken between the tip of the Saugeen
Peninsula at Cape Hurd, Ontario, and the extreme southern end of Lake Huron.
Beginning in 1922 the islands of the open lake and the westerly shore of Manitoulin
Island to the north of the Saugeen Peninsula were ineluded in “Huron proper.”

As stated in footnote 8, the catches listed under the heading, “Georgian Bay,” rep-
resent a combination of the take in the Bay and in the North Channel and Manitoulin
Island regions to the north and west except in 1922 and later years as explained
above. This combination was made partly in an attempt to reduce the size and com-
plexity of table 1 and partly because of variation in the extent of the waters in-
cluded in the two areas. For example, reports for certain of the carlier vears listed
the eatches along the cast shore of Georgian Bay as far south as Penctanguishene as
part of the production in the Manitoulin lsland and North Channel area.

Reference should be made here to the Canadian records compiled for the Inter-
national Board of Inquiry for the Great Lakes Fisheries and published after this
manuseript was completed.*! The districts employed by Ford are not always the
same as those used in this report and her statistics for these areas are therefore not
always ecomparable with ours. However, both records of the total Canadian eateh of
Lake Huron should be the same. Minor discrepaneies oceur for some years because,
in contrast to our records, Ford’s figures were rounded to the nearest hundredweight.
In other years the discrepancies are larger, though still insignificant. The reason for
these differences is not known. A eheek with the published records of the Game and
Fisherics Department of Ontario reveals that our figures agree with theirs. At any
rate our conclusions would remain the same whether we utilized Ford’s data or our own.

The accuraey of the eatches recorded for the Ontario waters of Huron proper in
1908 and 1909 has becn considered so questionable that the values were not plotted
in figure 2 and were omitted in the computation of averages for periods that ineluded
these 2 years. The contrast between the catches for 1908 and 1909 and the produe-
tion in the years immediately preceding and immediately following is in itself suffici-
ently great to give just grounds for suspicion. This suspicion is heightened by the
observation that the large 1908 and 1909 catches are to be traced to reports of exeessive
quantities of whitefish as barrels of salt whitefish. In 1908 3,515 barrels (703,000
pounds) and in 1909 550 barrels (110000 pounds) of salt whitefish were reported.
In other years of the period, 1900-1917, the number of barrels of salt whitefish reported
for Huron proper did not exceed 82, and averaged only 12 barrels.

Barrels of salt fish have been converted to fresh fish at the rate of 200 pounds
per barrel. Catches given as numbers of fish have been converted to pounds at the
rate of 2 pounds per fish.

41 International Board of Inquirv for the Great Lakes Fisheries. Report and Supplement. Washington, 1943. .
Ford, Marjory A, Annual Landings of Fish on the Canadian Side of the Great Lakes from 1867 to 1939 a. Officially Record:d. Ottswa, 1943
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APPENDIX B

DETAILED STATISTICS ON WHITEFISH PRODUCTION IN
STATE OF MICHIGAN WATERS OF LAKES HURON
AND MICHIGAN, 1929-1939

TaBLE 48.—Production of whitefish in pounds according to gear in the several districts of the State of Michigan
waters of Lakes Huron and Michigan, 1929-1939

[The districts of Lake Huron are numbered H-1, H-2, *** and of Lake Michigan, M-1, M-2, ***, In districts M4, M-5, M-6, and
M-S the catch of deep trap nets is included under “Other. ")

DISTRICT H-1

Gear
Year Total annual Percentage of
production average annual
Large-mesh Deep trap Pound Other production
it net net net
232,063 | .. .. 142,182 1,332 375,077 81
174,851 386,453 291,765 2,293 755,362 163
246,897 375,122 337,805 27,642 987,466 213
135,059 170,313 306,938 11,360 623,670 135
121,664 64,251 161,133 18,635 365,683 79
105,582 104,699 166,877 947 378,105 82
106,498 163,465 98,512 4,399 372,874 S0
82,464 346,821 100,282 11,825 541,392 117
43,626 236,196 93,428 505 373,755 81
54,834 73,184 51,035 1,074 180,127 39
40,368 73,406 25,876 1,401 141,051 30
IROM(73) 172 174 161,439 7,401 463,187 100
DISTRICT H-2
] ]
12,708 87,121 173,904 907 274,640 160
48,151 358,872 187,443 60 594,526 345
18,252 376,887 i 83,679 151 478,969 27
3,785 94,527 18,823 207 117,432 68
5,641 28,540 22,386 178 56,745 33
7,331 44,153 39,041 2,591 93,116 54
3,653 04,584 19,025 1,025 118,287 69
1,197 46,602 3,346 4,461 55,606 32
fi SV 14,009 |oooo.... e 4,881 20,813 i
5 34,315 2 6,794 41,363 24
S 41,980 oL 297 42,285 25
9,334 111,054 49,807 1,967 172,162 100
DISTRICT H-3
.................. 54,536 856 98,818 107
157,248 21,998 5,110 247,572 269
395,230 7,121 23,736 470,423 511
85,236 475 44,108 137,463 149
9,912 14,130 15
12,558 14,399 16
7,964 §,907 10
7,567 8,006 9
1,934 2,798 3
8,910 9,163 10
277 557 1
62,440 92,022 100
DISTRICT H~4
.................. 437,848 48,571 571,603 83
68,748 757,720 79,525 1,043,395 152
932,357 446,010 472,732 1,948,085 283
1,934,325 224,285 257,948 2,462,958 358
620,125 105,255 33,213 761,562 111
116,849 44,192 29,217 194,945 28
138,446 51,002 22,882 212,513 31
75,438 RISEY 31,450 128,717 19
121,796 12 716 20,319 155,091 23
38,224 5,708 11,795 55,885 8
18,785 2.319 4,665 25,945 4
Average 1929-1939_ 34,037 369,554 191,717 2,029 687,337 100
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TaBLE 48.—Production of whitefish in pounds according to gear in the several districts of the State of Michigan
waters of Lakes Huron and Michigan, 1929-1939—Continued

[The districts of Lake Huron are numbered H-1, H-2, *** and of Lake Michigan, M-1, M-2, ***. In districts M-4, M-5, M-6, and
M-8 the catch of deep trap nets is included under *‘Other.”]

DISTRICT H-5

Gear
. Percentage ul
Year T;::é‘?;?;:\al average annual
Large-mesh Deep trap Paund Other praduction
gill net net net
61,052 1,035 62,987 19
84,803 4,879 91,493 27
66,647 6,125 74,038 22
24,080 4413 513,409 152
15,114 2565 b . 1,676,432 196
253 345 11 784,215 235
270 405 | 273,421 81
__________________ 7 119,140 35
137 66,825 20
83 41,915 18}
.................. 12,247 4
Average 1929-1939_ 23,404 1,882 251 337,330 { 100
DISTRICT H-6
89,526 | 13,201 3,924 | 72,741 10
105,329 2952 | 147,002 37
146,397 4,194 180,791 46
163,598 17,040 | 195,402 50
119,665 2,799 459,349 v
70,057 26,026 1,103,453 231
21,257 74,084 90X, 505 232
4,851 11,675 580,30 150
3,192 1,589 399,309 102
390 719 229,516 5%
200 270 33,005 8
62,777 | 13,209 392,632 100
DISTRICT M-1
506,743 | .. 535,227 7,638 1,139,628 207
582,761 37,655 445,969 9,363 1,075,743 205
500,828 111,523 575,457 7.161 1,194,969 ALy
B ] 191,979 20,043 910,106 173
2,531 238,169 15
998 263,005 30
1367 174,637 33
367 90,203 17
53 104,850 29
4 2 354,235 6%
100,351 136,660 468 237,509 15
247.216 45,274 223,416 4,530 525,736 100
DISTRICT M-2
62,339 oL \ 27,675 2 164
84,555 | L ... i 16,070 SO _ 184
55,593 13,645 12,374 6 149
26,610 59,303 1,330 5 173
11,288 30,753 236 v
15,278 19
42,643 S5
16,465 85
31,459 57
24,221 44
15,402 R4}
38,717 100
.
DISTRICT M-3
805,344 | ... 1,396,439 281 2,202,064 206
920,784 97454 1,442,083 335 2,460,656 230
184,121 622,686 361 1,380,450 129
130,366 462,360 | .. 1,489,472 140
277,322 295,309 S 590,899 83
251,308 259,511 . 761,831 7l
368,955 202,793 544 749,666 70
289,502 156,446 19 115,967 42
297.274 153,176 169 450,619 42
204,479 203,261 36 497,776 47
22RIRE 196,998 15 425,495 40
Average 1929-1939. 422,585 155,784 490,007 161 1,068,627 100
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TaBLE 48.— Production of whitefish in pounds according to gear in the several districts of the State of Michigan
waters of Lakes Huron and Michigan, 1929-1939—Continued

[The districts of Lake Huron are numbered H-1, H-2, *** aad of Lake Michigan, M-1, M-2, ***. In districts M-4, M-5, M-6, and
M-S the catch of deep trap uets is included uunder “Other." ")

DISTRICT M-4

Gear
Y Total aanual Percentage °fl
ear average aunual
Large-mesh Deep trap Pouad Other production productioa
gill aet aet oet
30,433 42,158 38 72,629 12
41,335 42,78¢ . 34,119 147
43,753 40,235 265 84,253 148
44,552 32,857 1,362 78,771 138
22,683 26,758 1,569 51,010 89
6,435 41,386 548 48,369 85
1,663 35,864 4,451 47,978 84
26,507 29,377 50 56,234 98
16,671 27,179 16 43,866 77
17,707 11,525 17 29,249 a1
18.735 13,022 10 31,767 56
25,161  |_____._.___._____. 31,195 757 | 57,113 | 100
DISTRICT M-5
271,324 13,296 | .. 284,620 89
259,351 21,345 5 280,701 88
548,048 32,488 |l 580,536 183
532,784 21,992 3,797 558,573 176
493,070 33,070 3,557 529,697 167
272,782 25,675 40 298,497 94
198,864 9,790 153 208,807 66
189,741 9,013 47 198,801 62
263,057 4,236 92 267,385 84
176,421 13,203 34 189,653 60
90,359 6,899 10 97,268 31
299,618 | ..o __ 17,364 703 { 317,685 100
DISTRICT M-8
102,934  |o_._ . _____ 463 | 103,397 141
140,707 - 80,916 525 222,148 304
195,233 - 47,905 8,877 252,015 343
77,457 - 7.450 173 85,080 116
37,498 - 3,058 2,625 43,181 59
29,405 - 4,125 3,920 37,450 51
24,415 - 444 2 24,861 34
9,998 - 4,065 | ... 14,063 19
10,887 - 210 3 11,100 15
4,717 - 2070 o 6,787 9
2,600 | .. 2,037 16 4,653 7
Average 1929-1939._ 57,806 | ___._.__. 13,886 1,467 73,158 1w
DISTRICT M-7
1929 . ... 123,905 . 15,647 139,690 135
202,878 SN 244,882 447,760 433
41,836 347 65,023 107,206 104
24,096 3 19,970 47,934 46
118,728 32,725 157,699 153
66,400 49,178 190,582 184
26,090 638 30,506 30
4,243 893 5,212 3
7,306 705 8,017 8
550 559 1,137 1
1,022 471 1,537 1
56,096 [ 8,040 39,154 99 103,389 100
L]
DISTRICT M-8
251,071 1,175 3,576 255,822 197
106 791 377 | P . 141,068 108
25,408 361 142,936 110
622 336 65,100 50
8276 | . 282,908 Al
20,788 14 305,586 235
1,592 2,205 149,005 114
2,815 19,466 15
982 452 29,498 23
__________________ 9 14,016 11
- 401 4 26,225 20
Average 1929-1939_ 120,752 | o.o.. 8,758 638 ‘ 130,148 100
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APPENDIX C

INVESTIGATION OF POUND NETS AND DEEP TRAP NETS IN THE
WISCONSIN WATERS OF LAKE MICHIGAN, 1931+

The brief investigation of the pound-net and deep-trap-net fisheries of the Door
peninsula was conducted for the speeific purpose of determining the validity of the
strenuous eomplaints of commereial fishermen against the use of the deep trap net.
The objeetions against the deep trap net as a dangerously efficient gear, as a source of
destruetion to young fish, and as a usurper of pound-net grounds were in general the
same as those put forward by Michigan fishermen, and, consequently, need not be
outlined in detail here. (See p. 298.) The procedure of the investigation involved
observations of the lifting of pound nets and deep trap nets, interviews with operators
of both types of nets (ineluding a public hearing attended by more than 250 fisher-
men at Fish Creek, July 10, 1931), and the compilation of statisties on (1) the pro-
duetion of whitefish in the Wiseonsin waters of Green Bay and Lake Michigan,
beginning in 1889, and (2) the produetion of whitefish and the eatch per lift in pound
nets and deep trap nets of the Door peninsula, 1930-1931.

PRODUCTION OF WHITEFISH IN THE GREEN BAY AND LAKE
MICHIGAN WATERS OF WISCONSIN, 1889-1939

The data on whitefish produetion in the State of Wisconsin waters of Green Bay
and Lake Michigan (table 49) were compiled from original reeords in the files of the
Wisconsin Conservation Department.43

L]
TaBLE 49.—Production of whitefish in pounds in Green Bay and Lake Michigon, 1889~1939

[Compiled from State records at Madison, Wis.)

Year Green Bay Lake Michigan g:::iinh};i?hi::g | Yeur Green Bay Lake Michigan | ([:;iinhl]sﬁ“}ﬁgg
S— - S |—
248,810 78,450 | 327,260 42,411 131,433
181,602 5,750 ! 187,442 171,896 362,415
54,540 279,540 334,080 ‘ 80,658 163,201
450,000 20,325 470,325 74434 437,923
392,100 25,000 182,989 247,104
500,000 20,325 147,556 242,379
525,000 28,000 249,976 340,455
568,367 317,991 191,779 | 314,232
37,685 37,670 430,356 i 554,067
5,049 110,815 237,648 332,613
83,114 50,139 500,996 535,828
49,340 28,221 462,117 697,780
36,424 88,095 183,002 276,524
102,080 78,203 86,051 123,453
41,750 76,175 §2,105 [ 99,606
21,435 19,230 | 40,665  1935.. .. .. | .oo....... 263,900
60,835 60,081 49,046 142,601
12,049 96,172 45,557 136,857
20,853 106,050 60,962 141,625
21,012 233,067 7,200 | 113,820
83,184 118,935

(freen Bay.—\Whitefish produetion was large in the early and middle nineties, but
there was a sharp drop in the eateh at about the turn of the century. Produetion
remained rather consistently at a low level over the years, 1909-1923; only two years
(1912 and 1921) of this period had yields in excess of 100,000 pounds. Beginning in
1924 the production of whitefish in Green Bay followed an irregular but definite upward
trend that eulminated in a yield of a half million pounds in 1930. This cateh (1930)
was the greatest since 1897 and was the third largest in the known history of the fishery.

*2 Thiasectioa is condensed from the unpublished *'Report to the Conservation Commission of the State of Wisconsin on the lavestigation of Deep
Trap Nets, Caoducted Jointly by the State Fisheries Department and the United States Bureau of Fisheries during the Period, July 6 to 11,1931,

ia the Waters of Door County, Wisconsin.” The investigation waa made by Dr. John Van Qosten of the United States Bureau of Fisheries (now the
Fish and Wildlife Service) and Messrs. B. O. Webster and Ira G. Smith nf the Wisconsin Conservation Department.

& There are certain discrepancies between the data of table 49 of this appendix and those of table 1 of part 1. These arise from the fact that
the former table has been bases entirely on State of Wisconsin records (in order to have data for Green Bay and Lake Michigan separatcly) whereas
the recorda of whitefish production in Wisconsin waters in the latter table were obtained from several sources. (See appendix A.)
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Production was still high in 1931; however, the years, 1932-1939, comprised a period
of rapid decline. The 1939 catch of 27,200 pounds was the lowest since 1918.

Lake Michigan.—The Lake Michigan data are much more variable than those for
Green Bay, and it is correspondingly difficult to speak of definite periods of high or
low production. Frequently exceptionally good or poor years are isolated (as, for
example, 1892 and 1931). The period of most consistently low production was 1909-
1916 (all years below 100,000 pounds) and the most extended era of heavy yield wag
1917-1923 (all but two years above 100,000 pounds). The best of the more recent
vears was 1931 with a eatch of 236,000 pounds. The 1931 catch was exceeded by that
of only one year (1923) since 1897 and was the fourth highe:t in the history of the
fishery. Production was consistently below 100,000 pounds in the years, 1932-1939
(no data for 1935).

Green Bay and Lake Michigan—The data for all of the State of Wisconsin waters
of Lake Michigan show a fairly consistent high level of yield for the years, 1889-1897.
Available data indicate a relatively low production in the period, 1899-1917; only
once (1912) did the cateh exceed 150,000 pounds in the 11 years for which there are
records, and it fell below 100,000 pounds in 2 of them (1910 and 1914). An upturn
occurred in 1918. Over the period, 1918-1925, production fell below 200,000 pounds
only twice (1920 and 1922) and exceeded 400,000 pounds in 1923. A still higher level
was maintained during the six years, 1926-1931. All of the annual yields were above
300,000 pounds and 3 years had catches in excess of 500,000 pounds. The 1931 take
of 698,000 pounds was the largest since 1897 and the second largest in history. Pro-
duction was at a relatively low level in the years, 1932-1939. The catch exceeded
200,000 pounds in only two of these years (1932 and 1935). The 1934 catch was the
lowest since 1914 and the third lowest on record.

A striking feature of the State of Wisconsin data is the lack of agxeement be-
tween the statistics for Green Bay and Lake Michigan. Some years were good or poor
in both areas, as for example, 1897, 1931, and 1934. It is true also that the data for
the two areas occasionally agreed rather well in general trend over a period of several
years as in 1909-1917 and 1931-1934. On the other hand, there were numerous years
that had a very high catch in one area and exceptionally poor production in the other.
Outstanding examples of such disagreements occurred over the period, 1890-1896, and
in the years 1918, 1923, 1926, 1929, and 1930.

POUND-NET AND DEEP-TRAP-NET FISHERY, 1930-1931

Table 50 contains data on the pound-net and deep-trap-net fisheries for whitefish
in Door County waters, 1930-1931. (Practically all of Wisconsin’s whitefish are pro-
duced in these waters.) The comparison of the average cateh per lift of the two gears
in corresponding months confirms the contention of fishermen that the deep trap net is
the more effective gear. The catch per lift of deep trap nets was 2.7 times that of
pound nets in May 1931, 2.2 times in June, and 2.3 times for May and June com-

TaBLE 50.—Production of whitefish and catch per lift in pound nets and deep trap nets
of Door County, Wis., 1930-1931

Pound net Deep trap net
DL Prod C ! Prod Catch per lif
oo roduction ‘atch per lift . roduction atch per lift
Number of lifts {pounds) (pounds) Dhnbercilils (pounds) {pounds)
1930
May . _____ 265 e 88 4 | et e
June___________ ‘ 595 85,516 U O N ) IO I
May and June_____ 860 108,973 1 | S
1931 — ' B
April..........,_.. _____________ ISR 1 17 S03 47 2
May ... ____ 253 { 21,524 851 I 130 29,652 PR 1l
June_ ... 391 { 66,364 169 7 184 69,359 376 4
July. ...  cocomoa e P B ek - 43 11,509 267 6
April to July_ | 00 5 NS ] 374 111323 297 3
May and Jupe ... (133 87,888 136 .4 314 99,011 315 3
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bined. The data do not, however, support the complaint that the deep-trap-net fishery
was extremely harmful to the pound-net fishery in 1931. It is true that the total pro-
duction in pound nets was less in 1931 than in 1930, but the decline was the result of
reduced fishing intensity. The average catch of whitefish per lift of pound nets was
approximately 10 pounds greater in 1931 than in 1930.

Although the average lifts of whitefish in deep trap nets in 1931 were 2.3 times those
of pound nets, this advantage depended only on the greater depth of water in which
deep trap nets were fished. The effect of the depth of water on the size of the lift is
brought out by the comparison of the lifts of whitefish in shallow pound nets, deep
pound nets (more than 50 feet of water), and deep trap nets (table 51). There was little
difference between the size of the lifts of deep pound nets and deep trap nets, but both
took more than 8 times as many fish per lift as shallow pound nets (less than 50 feet
of water). It is obvious, therefore, that any indictment of the deep trap net in Door
County waters as a dangerously effective gear must apply also to deep pound nets.*

TABLE 51.—Comparison of the calch of whitefish of shallow pound nets, of deep pound nets, and of deep trap
nets fished in Door County, Wisconsin walters, June 1931

’ Total production Cateh per lift
Gear Number of lifts ‘ {pounds) (pounds)
Shallow pound net. ... .. 58 2,566 44,2
Deeppound met. ... ... ... 60 21,861 364 3
Deep trapmet .. 184 69,359 376.4

Further conclusions based on observations of pound nets and deep trap nets in
Door County waters arc summarized as follows:

(1) The sorting of fish was more difficult in decp trap nets than in pound nets.
However, less sorting was necessary with deep trap nets than with pound nets which
ordinarily had 2-inch mesh (stretehed measure). Very few illegal whitefish (legal. size
limit, 13 inches, total length, at the time of the investigation) were seen in deep trap
nets, the mesh of which ranged from 314 to 4% inches. On several oceasions small
fish were seen to escape through the meshes as deep trap nets were lifted.

(2) Very few gilled fish were observed in deep trap nets, and most of the fish
gilled were of legal size. A 3!4-inch-mesh nct allows tlie escape of whitefish of 13
to 13% inches, total length, and smaller; 4Y4-inch meshes release whitefish about 16
inches long, and smaller.

(3) The observations did not support the contention that illegal whitefish brought
to the surface in deep trap nets die. Small whitefish and herring were seen to pass
through the bottom of the trap nets when they reached the surface, apparently uninjured
and certainly not bloated.

REGULATIONS RECOMMENDED FOR THE DEEP TRAP NET IN
WISCONSIN WATERS

The investigating committce submitted the following recommendations for the
regulation of the deep trap net in Wisconsin waters (almost entirely dircet quotation
from report):

1. The size of the mesh in the lifting pot must be not less than 414 inches but the
side of the pot where fish are bagged may be of smaller mesh.

2. The length of the lead shall be not more than 50 rods.

3. A buoy must be attached to every anchor and each buoy must have a flag
attached to it, extending not less than 30 inches above the surface of the water.

4. The shortest distance between strings of trap nets or between trap nets and
pound nets shall be not less than one-half mile. A trap net as here defined refers
to any part of the net constructed of webbing and includes the pot, tunnel, heart, and
lead (not the anchors, ropes, buoys, and flags).

4 Both gears can operate on the concentrations of whitefish at depths of 50 or 60 feet. Attempts of deep-trap-net fishermen to locate white-
fish in deeper water (ca. 100 feet) were unsuccessful.
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5. A trap net shall not be set i1 wuater more than 60 feet deep. A trap net
under this ruling is the same as that defined under regulation no. 4.

6. No more than two trap nets shall be placed in one string and an open space free
from netting of not less than 50 feet shall be left between the nets.

7. In the event of a dispute between a trap-netter and a pound-netter concerning
the distance between nets, priority consideration shall be given the pound-netter if it is
established that he has fished for several vears the grounds where his nets had been set.
Such consideration shall be given even though the trap-netter was the first to set his nets
on the disputed grounds at the beginning of the season.

8. A trap net or a string of trap nets must be set approximately at a right angle to the
shore line or shoal or reef.

9. Regulations 2, 4, 5, 6, and 8 have been recommended for trap nets on the assump-
tion that they will be observed by pound-netters also. Enforcement is to be contingent
on the adherence of pound-netters to these regulations.

APPENDIX D
THE WHITEFISH FISHERY OF LAKES HURON AND MICHIGAN, 1940-1942

Because of unavoidable delays in publication, statistics of the whitefish fishery have
become available for three additional years (1940, 1941, and 1942) since the prepara-
tion of the main body of this paper and appendices A, B, and C. The data for these
vears are presented in this appendix. Discussion is brief and is concerned chiefly with the
demonstration that the new information substantiates the conclusions drawn previously.
Emphasis is placed on the detailed statistics for the State of Michigan waters although
production data are given for other areas.

TaBLE 52.—Production of whitefish in pounds in the Stale of Michigan walers of Lake Huron, 1940-1942

Production in gear
Percentage | Percentage
District or area Year T ‘ Totat é’:'tc%t:}f 19"9(1‘1939
Large-mesh | Deep trap | popd get Other | lake a;emge
gill net net !
1940 . | w61 | 3200 25,637 | 415 122,709 652 26
Heiooooo . 1941 _ 24,282 41,987 28,208 367 94,934 83.5 21
1942 29,657 29,450 23,527 104 75,738 7.7 16
1940 149 11,421 un | 790 12,371 66 7
H-2. B ST DN 3,384 (... . 166 3,850 34 2
1942 . 818 343 | ... 5,914 7,075 74 4
Northern Lake Huron (1940 . 43,810 64,417 25,648 1,205 135,080 .8 21
(H-1and H2)______ 24,282 145,371 28,208 833 98,784 86 9 16
) 23,475 29,793 23,527 6,018 82,813 87.1 13
28 | 1282 | 4 135 1,749 09 2
H-3.. ... 0 | 10 159 479 04 |
668 I 716 0.7 1
80 95,454 3,847 2,172 31,553 16 S 5
H4 217 8,604 977 1,719 | 11,517 101 2
907 5065 | 60 1,263 | 7,298 77 1
Central Lake Huron (1940 .. 108 | 26736 3,851 2,607 | 33,302 17.7 4
(H-3and H4)_.___ 941 227 | 8,604 987 2,178 | 11,996 10 5 2
(1942 1,575 | 5,068 108 1,263 | 8,014 8 4 1
1940 . — 16 3
S 1941 .. 06 1o
1942 00 0
1940 . . 59 3
He_. ... 1941 __ 2, 20 i
1942 , 45 1
Southeru Lake Huron 1940 _ - 19,497 82 153 19,732 105 3
(H-5 20d H-6) ... __ 1940 256 2,629 37 25 2,047 26 10
1942 135 3,238 188 706 4,267 15 1
—tt 1940 | 43,918 | 110,650 29,581 3,965 188,114 9
Lake Huron (all 6 districts). ... |11941 = ____| 24,765 56,604 29,322 3,036 113,727 5
1942 | 25,185 33,099 23,823 7,987 93,004 4

1 Less than 0.5.
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WHITEFISH FISHERY OF LAKE HURON, 1940-1942

The downward trend in the production of whitefish in the State of Michigan waters
of Lake Huron which got under way in 1933, and in 1939 had carried the annual yield
to less than half the previously recorded minimum (555,000 pounds in 1900), continued
through 1940-1942 (table 52 of this appendix—for further data on production see also
table 1 of part I, tables 3, 4, 5, and 6 of part II, and appendix B). The production of
95,000 pounds in 1942 amounted to only 4 percent of the 1929-1939 average for Lake
Huron,*> and was only 2 percent of the 1931 maximum yield. Aside from unimportant
increases in H-2, H-3, and H-6 in 1942 the trend was downward in all distriets during
the 3-vear period.

With the exception of H-1, where the production percentages ranged from 16 to 26,
the 1940-1942 yields of all districts amounted to only 7 percent (H-2 in 1940) or less of
the 1929-1939 mean. The 1942 production was nil in H-5, a district that yielded
1,676,000 pounds of whitefish in 1933.

H-1 accounted for 65.2 to 83.5 percent of the total whitefish yield of the lake in
1940-1942. The only other district that vielded as much as 10 percent of the total in
a single vear was H—4 (1940 and 1941). The dominance of H-1 in this limited fishery
was even more pronounced than in the early years, 1891-1908.

The progressive decline in production in the years, 1940-1942, can be attributed to
a continued general decrease in fishing intensity (tables 53 and 54-—see tables 8 and

TABLE 33.—Annual fluctuations in the intensity of the fishery for whitefish in each district
of Lake Huron, 19401942

{Expressed as percentages of the average 19291939 intensity in the district]

Intensity as percentage of I Intensity as percentage of
mean for district mean for district
District - District S S S
1940 1041 | 1942 1 1940 ‘ 1941 ' 1642
| - S | _
|
54 15 23 A 35 ! 13 ! 9
28 74 4 1-5 18 1 )
() ) 3 H-6. . 14 3 2

! [nadequate data.
* No production.

TaBLE 54.—Annual fluctualions in the intensily of the whitefish fishery for all six districts of Lake Huron
combined (third row from bottom of right half of table) and distribution of each year’s intensity among the districts

[The average annual intensity for the catire lake, 1929-1939, is 100.0. In parcntheses are the intensity values of the deep-trap-net fishery.
The value of onc unit is 1/1,100 of the total expected cateh of all districts, 1929-1939]

Intensity as percentage of | Intensity as percentage of
mean for entire lake i mean for entire lake
District or area . i District or ares S - -
1940 1041 1942 ] 1910 1941 I 1942
H. { 13 81 8 |lH5. i Y ot | ®
1) 3 2) (1 5) @6 | o1 o
H2... .. . .. ... { 17 035 02 |{Hb6....... 39 08 06
an | 03 0 2) 3% ) ©5)
Nol;tgt;rn Lake Huron (H-1 and — o = 50 = ',"‘0* So;:ltht-rn Lake Huron (H-5 and —— Aq ' a_
- o ooo o G 2 O) e . (] 4
{ 6 38 37 an | 7 4) 0 8) | (0 5)
S S N o | (0] 01 '
B e N (010) b 1
H4 . $2 | 20 Lake 1luron (all 6 districts). - L 28 7 12 6 77
T2 | @8 (1.8) 21 4 Gy | o
! ! 82 31 Y il Percentage of intensity represented {
Central Lake Huron (H-3 and H4) { G2 @ 6) (1'8) || by deep trap nets_. ... 46 56.3 i 519
)

! Inadequate data.
2 No production.

4 In this appeadix as in part I1 refercaces to **Lake Huroq,” “Lake Michigan," *‘the entire lake,” or “the lake' should be understood to mean
the State of Michigan waters only, unless otherwise specified
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TABLE 55.—Annual fluctuations in the abundance of whitefish in the various districts and areas of Lake
Huron, 1940-1942

[Expressed as perceatages of average 1929-1939 abundance. 1n the computation of perceatages for areas of more thaa one district aad for the entire
lake, the abundance perceatage for each district was weighted according to the percentage of the total 1929 productioo coatributed by tbat

distriet]
Abundance perceatage Abundance perceatage
ia year in year
District or area District or area
1940 1941 1942 1940 1941 1942
H-1o ... 52 56 75 H-5 . 12 21 (0]
H-2 32 36 24 He6 .. 14 13 28
Northera Lake Huroa (H-1 and Southern Lake Huron (H-5 and
H-2) .. 44 48 53 H-6) . . . 13 17 28
H3 L. (0] o 41
H4 17 15 15
Lake Huron (all 6 distriets)_______ 29 31 35
Ceatral Lake Huron (H-3 and H4) 17 | 15 19
1 Inadequate data.
2 No preduction.

9 of part 1I) brought about by a level of abundance (tables 55 and 56—see tables 10
and 11 of part II) that made profitable operations impossible.

Although the abundance percentages (table 55) and records of cateh per unit effort
(table 56) can not be considered very reliable for the districts in which the production
reached extremely low figures, the data of table 55 nevertheless give some indication that
with respect to the entire lake the abundance, which began to decline in 1932, reached
its lowest level in 1940 (29 percent of the 1929-1939 average) and improved slightly in
1941 (31 percent) and 1942 (35 percent).*® These small increases in the abundance
percentages can not be taken as the basis for optimism concerning a possible early
recovery of the whitefish fishery. On the contrary, it is to be considered most probable
that the abundance and production of whitefish will continue to be low for years to
come. The fishing intensity which was relatively low in all districts in 1940-1942 (table
53) and which had declined to 7.7 percent of average in 1942 for all districts combined
{table 54) can not be expected to increase materially until abundance has risen to a level
that permits profitable fishing. If a significant recovery occurs at all in the whitefish
fishery of L.ake Huron it may be expected to be slow. It is conceivable, of course,

TaBLE 56.—Annual fluctuation in the catch of whitefish per unit of fishing effort of gill nets, deep trap nets,
and pound nets in the various districts of Lake Huron, 1940-1942

Catch of whitefish (pouads)
per unit of effort

Gear and unit of effort District

1940 1941 1942

Gill net (unit lift of 10,000 fcet)

Deep trap net (unit lift of one net)_____

Pound net (unit lift of onemnet)_._________________ }

¢ Tables 53, 54, 55, and 56 contaia no figures for H-3 ia 1040 aad 1941 and for H-5 io 1942. Ia H-3 tbe small catches of whitefish in 1940 and
1941 were mostly reported by fisbermen using a gear (shallow trap net) not considered in our estimations of abundance or by operators whose reports
did not contain jaformation on the amount of gear lifted. Nbp whitefish were produced in H-5 in 1942.
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that unusual conditions in the lake which permitted an abnormally high survival of
young in one or more years may restore the stock at a much higher rate than the present
depleted condition of the population would give reason to expect.

Not only did the Michigan production of Lake Huron continue its decline after
1939, but the Canadian yield showed a similar trend (table 57), although not to the
same disastrous degree. In Lake Huron proper (see p. 304 for its boundaries) the
Canadian catch fell to 92,000 pounds in 1940 and increased only 1,000 pounds in 1941.
These records are the lowest two for these waters since 1922 and comprise 42 percent
of the average catch (219,513 pounds) for the period, 1923-1939. In Georgian Bay (in-
cludes the North Channel—see p. 304) the take decreased progressively from 1,275,-
000 pounds in 1939 to 833,000 pounds in 1941, the lowest production recorded for this
arca af least since 1922. This figure represents 58 percent of the average yield (1,427,564
pounds) for the years, 1923-1939. In the Michigan waters the 1941 catch equaled only
6 percent of the average production (2,052,331 pounds) during the period, 1922-1937,
a value considerably less than the comparable Canadian percentages of 42 and 58.
The 1939-1941 records of total catch for all waters (United States and Canadian)
represent the lowest three ever recorded for the lake.

TaBLE 57.—Production of whitefish in pounds tn Lakes Michigan and Huron, 1939-1942

Lake Michigan Lake Huron
Year Ontario l

Wisconsin Michigan Entire lake Michigan Entire lake

| Huron proper ) Georgian Bay

| I
110,700 839,856 950,556 } 255,183 ‘ 115,061 1,275,255 1,645,499
196,600 754,115 | 954,815 188,114 92,403 1,006,082 1,256,599
400,538 596,474 1,286,354 113,727 93,058 833.111 1,039,896

279,363 1,061,056 | 1,340,419 95,004 | e e e e

WHITEFISH FISHERY OF LAKE MICHIGAN, 1940-1942

The production of whitefish in the State of Michigan waters of Lake Michigan,
which had deelined irregularly from the modern peak of 4,813,000 pounds in 1930, reached
an all-time recorded low of 754,000 pounds in 1940 (table 58—for further data on
production sce also table 1 of part I, tables 13, 14, 15, and 16 of part II, and
appendix B). Although this yield amounted to only 32 percent of the 1929-1939 aver-
age, it was relatively much higher than the 1940 catch in Lake Huron (9 percent of
the 1929-1939 mean—table 52). The take of wlhitefish in Lake Michigan improved sub-
stantially in 1941 (896,000 pounds; 38 percent) and 1942 (1,061,000 pounds; 46 per-
cent). The 1940-1942 trend of production was consistently upward in northern and
northeastern Lake Michigan (M-2, M-3, and M-4) and in the Grand Haven-Muskegon
district (M-7), but was consistently downward in Green Bay (M-1) or irregular in the
remaining districts (M-5, M-6, and M-8).

In all three years M-3 contributed considerably more than half of the total pro-
duction (63.8, 58.4, and 67.5 percent in 1940, 1941, and 1942, respectively). The Green
Bay district (M-1) ranked second each year but contributed a constantly decrcasing
percentage of the total (16.3, 12.9, and 8.7 percent). Third position was held by M-5
in 1940 and 1941 (11.5 and 10.0 percent) and by M—4 in 1942 (6.7 percent). The per-
centage of the total yield produced in the districts that ranked lower than third ranged
from 7.5 percent in M—4 in 1941 to 0.1 percent in M-7 in 1940. It may be noted that
the percentages of total production in the various districts in 1940-1942 resembled the
corresponding figures for 1891-1908 much more closely than they did those for 1929-
1939.

The abundance percentages, records of catch per unit of effort, and figures on
fishing intensity (tables 59, 60, 61, and 62 —=sce tables 17, 19, 20, and 21 of the main
body of this paper) show that but for a low level of fishing intensity, production would
have been much higher in 1940-1942, particularly in the last two years of the period.
The abundance of whitefish which had dropped to an extremely low level in 1940 (23



392 FISHERY BULLKTIN OF THE KISH AND WILDLIFE SERVICE

TaBLE 58.—Production of whitefish in pounds in the State of Michigan walers of Lake Michigan, 19401942

Production in gear
i Percentage Perceotage
District or area Year Total of total catch | of I929—-1939
Lagrﬁf-r!lz;:sh Po e Other of lake average
50,170 71,015 1,618 122,803 16 3 23
73,707 41,982 63 115,752 12 9 22
66,654 25,884 8 92,546 87 18
8,310 1,463 9,773 13 18
25883 | - 25,883 29 47
60,494 | __ 60,494 57 110
1940 225,939 254,771 66 480,776 63 8 45
M-3 SR AT Y D 280,571 241,884 629 523,084 58 4 49
1942. 384,704 331,228 54 715,986 © 675 67
1940 . 28,726 11,572 37 40,335 53 71
MA._ . [1941 28,435 39,024 28 67,487 75 118
1942 . 26,277 44,108 261 70,646 6.7 124
Nortbern Lake Michigan (M-1, |(1940___ ___ 313,145 338,821 1,721 653,687 86.7 38
M-2, M-3, and M4)_________ 1941 . 408,596 322,890 '720 732,206 81.7 43
1942 534,129 401,220 323 939,672 83 6 55
1940, __ 85,113 1,970 6 87,094 ns | =
Central Lake Michigan (M-5).__[11941.______ 89,132 280 10 89,422 10 0 28
1042. . 57,802 |ocoii e 57,802 54 18
1940 925 08 130 1,163 02 %
|8 O 1941 6348 || 6,348 0.7 9
1942 1,823 | B 62 1,885 02 3
1940 . 706 131 851 01 1
5 O S | 3 TS B 24,965 2,672 27,663 31 27
|1942 22,315 6,804 29,119 27 28
1940_ . W32 8 11,320 15 9
Me8 i 1941 36,460 4,375 40,835 45 31
1942 31,559 1,014 | 5 32,578 31 25
Southern Lake Michigan (M-6, |[(1940_ ___ _ 12,943 239 152 13,334 18 4
M-7,and M-8)______________ 1041 67,773 7,047 26 74,846 83 24
1942 . 55,697 7818 | 67 63,552 60 21
. . 1940 . 111,206 341,030 1,879 D b 32
Lake Michigao (all 8 districts)_ . |{1941___ ___ 565,501 330,217 756 896,474 | - 38
1942 651,628 109,038 390 1,061,056 | ... ________ 46

to 73 percent of the 1929-1939 average in the individual districts and 63 percent for the
8 districts combined—table 61) improved in every district in 1941. This general im-
provement was reflected in a rise in the abundance percentage from 63 to 91 for the lake
as a whole. Further increases in 1942 in M-2, M-3, and M-8 more than compensated
for declines in the remaining districts and carried the abundance percentage for all dis-
tricts combined to the still higher level of 95. The abundance of whitefish was above
the 1929-1939 average in three districts (M—4, M-6, and M-7) in 1941 and in five
districts (M-2, M-3, M-4, M-7, and M-8) in 1942. Conspicuous among the percent-
ages are the high value of 257 in M—6 in 1941 and the low figures of 45 and 34 in M-5
in 1941 and 1942. M-5 was the only district with abundance below 85 in 1941 or below
76 in 1942.

TABLE 59.—Annual fluctuations in the intensity of the fishery for whitefish in each district of
Loke Michigan, 1940-1942

[Expressed as percentages of the average 1929-1939 intensity in the district]

Intensity as percentage of I Intensity as percentage of
mean for district mean for district
District _ District
1940 1941 1942 1940 1941 1942
!

33 30 27 . 71 64 55
47 48 91 4 5 4
67 61 64 5 23 : 27

108 | a6 126 18 44 27
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TaBLE 60.—Annual fluctuations in the tntensity of the whitefish fishery for all eight districts of Lake Michigan
combined (bottom of right half of table) and distribution of each year’s intensity among the distriets

[The average aonnal intensity for the entire lake, 1929-1939, is 100.0. The valne of one unit is 1/1,100 of the total expected
cateh of all districts, 1929-1939]

Intensity as percentage of Intensity as percentage of
mean for entire lake mean for entire lake
District nr area District or area _

1940 1941 1942 1040 1941 1942

83 65 38 01 01 01

12 13 24 02 [(R] 10

31 4 28 8 29 9 10 2.3 14
29 25 88

Sonthern Lake Michigan (M-6,

Northern Lake Michigan (M-1, M-7,and M-8y _.______________ i3 R 25
M-2, M-3,and M4)____________ 43 8 331 41 4

Central Lake Michigan (M-5). ... 10 5 95 81 Lake Michigan (all 8 distriets)_____ 35 6 318 520

TaBLE 61.—Annual fluctuations in the abundance of whitefish in the various districts and areas of
Lake Michigan, 1940-1942
[Expressed aa perceatages of average 1929-1939 abundance. 1In the cnmputation of percentages for areas of more than onc district and for

the catire lake, the abundance percentage for each diatrict waa weighted according to the percentage of the total 1929-1939 production
contributed by that district]

]
Abundance percentage \ Abundance percentage
in yecar [ in year
District or area District or arca §

1940 1941 1942 | 1040 1941 1942

— N — .
70 85 76 (M6 . : T 257 80
38 09 121 M.7. .. __. 23 161 147
73 87 115 MR . - 57 85 108

68 128 101 - — =

Sonthern Lake Michigan (M-6,
Northern Lake Michigan (M-1, M-7, and M-8) ____ " | 13 152 114
M2, M3,andM4)__...._ .| 7 88 103 [

Central Lake Michigan (M-5)_____ 40 45 34 Lake Michigan (all 8 districts)_ .. 1 03 91 5

TABLE 62.—Annual fluctuation in the catch of whitefish per unit of fishing effort of gill nets and pound nets
in the various districts of Lake Michigan, 1940-1942

Catch of whitefish (pounds)
per unit of effart
Gear and unit of cffort District - -
7

1940 1941 1942

M-1_ B P 830 124 6 92 0

M2 16 7 35 2 431

M-3... 45 0 59 9 50 8

Gill net (unit lift of 10,000 fect). I M4 27 4 33 6 30 6

. M-5.. ..o ... 31 2 355 27.0

“M-G .......... . 19 5 a8 1 307

M7 31 4 221.7 1811

IMe¥_ 39 4 a5 113.5

(M1 B 444 ‘ 39 0 30 5
M-2. . 46 |l B BB O B R = .

|[M-3..... Soac 98 9 106 2 135 0

Pound net (unit lift of oue net). . . .. IM-4 40 0 123 9 3
IM-5 410 ‘ 56 0 I .
| M6 18 0 SR S 0 A

M-7... . 60 27 3 68 7

“M# ............ B 64.3 ‘ 845

Despite the markedly improved abundance of whitefish in the State of Michigan
waters of Lake Michigan in 1941 and 1942, fishing intensity was relatively low. For the
ecight distriets combined (table 60) the intensity, which was lower in 1940 (55.6 percent)
than in any year except 1936 (55.1 percent) of the period, 1929-1939, decreased even
further in 1941 (51.8 percent) and remained at about the same level (52.0 percent) in
1942. Among the individual districts - (table 59) fishing intensity tended to be rela-
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tively high in M-2, M-3, M—4, and M-5 and low in southern Lake Michigan (M-6,
M-7, and M-8) and Green Bay (M-1).

The significance of the most recent figures for the whitefish fishery of the State of
Michigan waters of Lake Michigan may be summarized in the one statement that the
abundance of whitefish appears to be returning to an approximately normal level while
production is held in check by a low fishing intensity.

Whether this statement is equally true for the whitefish of the Lake Michigan waters
of other States is not known. Virtually no whitefish production is recorded for IHi-
nois and Indiana in 1940-1942. The \isconsin statistics (table 57) suggest some im-
provement in that State. In contrast to the Michigan catch, that of Wisconsin in-
creased in both 1940 and 1941, reaching a relatively high level in 1941, although again
in contrast to Michigan’s yield, it decreased to approximately the normal level in
1942. With respect to the entire lake (all States) the trend of production is upward,
after 2 years of extremely low yields.

BEARING OF THE 1940-1942 STATISTICS OF THE WHITEFISH FISHERIES OF
LAKES HURON AND MICHIGAN ON THE VALIDITY
OF EARLIER CONCLUSIONS

The 1940-1942 statistics of the whitefish fishery of the State of Michigan waters
of Lakes Huron and Michigan do not give the slightest reason for modifying the_sum-
mary paragraphs at the end of part II of the mnain body of this paper. In Lake Huron
the “collapse of the whitefish fishery’” proved to be even more devastating than had
been anticipated. The belief that in Lake Michigan the decline of the whitefish was
“not disastrous” has been substantiated by the return of the whitefish to nearly normal
abundance (91 and 95 percent) in 1941 and 1942.

The contrast between conditions in the whitefish fisheries of Lake Huron and Lake
Michigan in 1940-1942 is brought out sharply by the data of table 63 (see also table 22
of part II). In Lake Huron, production and fishing intensity, already at an extremely
low level in 1940, continued to decline in 1941 and 1942. Any improvement that did
occur in the status of the whitefish was relatively small. The abundance of whitefish
was relatively much higher in 1940 in Lake Michigan (63 percent of average) than in
Lake Huron (29 percent). Furthermore, the abundance in Lake Michigan rose sharply
in 1941 and increased again in 1942. The production of whitefish also increased signifi-
cantly in 1941 and 1942. Only fishing intensity declined (in 1941) or remained un-
changed (in 1942). The supplementary data of this appendix, therefore, support the
conclusion that overfishing traceable to deep-trap-net operations brought about the ruin
of the whitefish fishery in Lake Huron. Although overfishing admittedly may have
occurred in Lake Michigan and may have contributed to the decline that culminated in
1940, this overfishing was much less severe than in Lake Huron and did not carry the
level of abundance of whitefish so low as to make rapid recuperation of the stock impos-
sible. In fact, only low fishing intensity prevented nearly normal production of white-
fish in Lake Michigan in 1941 and 1942,

TABLE 63.—Production and abundance of whitefish and the intensity of the whitefish fishery in the State
of Michigan walers of Lakes Mzichigan and Huron

[Expressed as percentages of the 1929-1939 average]

Year
Lake Item

1940 1941 1942
Produetion_ ... 32 38 46
Michigan_.__________ Fishing intensity. ... __________ . ______.___.._ ) 56 52 52
Abundance 63 91 95
JProduction - 9 5 4
Huaron_____________. | Fishing intensity ... __________ _________ 29 13 8
l Abundanee ... ... 29 31 35
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