
STATISTICAL REVIEW OF THE ALASKA SALMON FISHERIES.
PART I: BRISTOL BAY AND THE ALASKA PENINSULA

By

WILLIS H. RICH, Ph. D., Chief Investigator, Salmon Fisheries

and

EDWARD M. BALL, Assistant, Alaska Serllice

.;t.

CONTENTS

IntroductioD _

Federal fishery laws and regulations
affecting the salmon fisheries in
Alaska _

Bristol Bay _

Page
41 Alaska Peninsula _

Port Heiden _
Port Moller _

47 Nelson Lagoon _
53 Aleutian Islands _

Ikatan District _
Shumagin DistricL _

PSIl8

73
73
73
76
79
80
92

INTRODUCTION

The exploitation of the Alaska salmon fishery resources may be said to have
begun in 1878, 11 years after the purchase of the Territory from Hussia, when the
first cannery was established at Klawak, on Prince of Wales Island. Previously
there had been some salting of salmon by both Americans and Russians and, of
course, the salmon had formed one of the important food supplies for the natives
from prehistoric times. Previous to the spectacular development of the canning
industry, however, the inroads made on this natural resource must have been
inconsequential. For the first few years after the establishment of the first cannery
there was no great production of canned salmon, but about 1885 or 1886 the de- 
velopment started, which, with minor fluctuations, increased steadily, culminating
in 1918 with a total pack of 6,605,835 cases, valued at $51,041,949. Few of the
world's fishery resources exceed this one in productivity and value, and none has shown
such remarkable growth in little more than 30 years. With 1918, however, the
general upward trend ceased, and production dropped over 2,000,000 cases iu 1919 and
again in 1921. In the latter year the total pack was only a little over 2,500,000 cases,
the lowest since 1910. It rose gradually again to a new peak of 6,652,882 cases,
valued at $46,080,004, in 1926, only to fall disastrously once more in 1927. This
brief history of the Alaska salmon fishery is shown graphically in Figure 2.

41



42 BULLETIN OF THE BUREAU OF FISHERIES

The development of the industry was marked by the gradual opening of new
fishing grounds and by the extension of operations to include species formerly unused.
The sharp rise that came between 1899 and 1902 was due largely to rapid develop
ment in the red-salmon fishery in .Bristol Bay. Following this, for nine years the
general level did not change materially, but then, between 1910 and 1918, the pack
more than doubled, due mainly to the development of the fishery for pinks and
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chums in southeastern Alaska. The sudden drop in 1919 from over 6,500,000
cases to only a few over 4,500,000 was due to some extent to the postwar economic
conditions; but it can not be ascribed entirely to that cause, as the red-salmon pack
of western Alaska was poor in spite of intensive fishing, as indicated by the presence
there of more gear than in any other year save one and a corresponding drop in the
catch per unit of gear. Furthermore, a distinct drop in the pack of pinks took
place in southeastern Alaska, while at the same time the pack of chum salmon
maintained itself fairly well.
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The striking drop in 1921 was an entirely different matter, however. The market
Was glutted with the cheaper grades held over from the previous two or three years,
and in consequence no serious effort was made to pack pinks and chums in south
eastern Alaska; the small total pack of 1921 was due almost entirely to this cause.
In the following year the market recovered and operations were resumed in south
eastern Alaska. For four years the pack fluctuated slightly around 4,500,000 and
5,000,000, rising sharply to a new maximum in 1926, followed by the remarkable
drop in 1927. This rise and fall were shown, in general, by all species and in all
districts; there was no marked change in the intensity of fishing, and the conclusion
seems warranted that these fluctuations were caused primarily by biological factors.
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FIG. 2.-Totalllack of canned salmon in Alaska

Our knowledge of these factors is too meager at present to warrant speculation
as to their nature, but it seems safe to say that the wide fluctuations that have token
place since 1918 (although in part economic) are associated with the onset of deple
tion, or at least with the development of the fishery to the point of maximum produc
tivity. This hypothetical point of maximum productivity may be defined as the
number of fish t11l1t may be taken from the resource without impairing it. It will
vary from year to year and can never be defined sharply, although it seems probable
that ultimately we may be able to define it rather broadly. Any development of the
fishery beyond the point of maximum productivity must lelld inevitably to depletion
and must be guarded against carefully. The conclusion that such wide fluctuations
indicate that the fishery has reached its limit seems warranted from the following
considerations: Under natural conditions, unaffected by exploitation, the abundance
of fish in any fishery resource is certain to fiuctuate rather widely, due to varying
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natural conditions. The maximum productivity also will fluctuate widely, though
not necessarily in proportion to the actual abundance of fish, as it would seem probable
that a larger percentage could be taken in times of relative abundance than in times
of relative scarcity. This available surplus, which can be taken for commercial use,
will, then, on a percentage basis, fluctuate even more widely than will the general
abundance. In the early stages of the development of a fishery the number of fish
taken remains so far below the available supply that it is affected less seriously by the
fluctuations in abundance. In times of scarcity the fishing effort may be adjusted
readily, so that the annual catches will not show nearly as violent fluctuations as
th"()Se of real abundance. When, however, the fishery has developed to the point
where the actual take of fish exceeds the available surplus and approaches the total
supply, it will be impossible to adjust the fishing effort so that in times of scarcity
the annual catch may be maintained and wider fluctuations in productivity will
appear. If, for instance, the annual catch of a fishery over a period of time is only
one-tenth of the total supply, the great preponderance of the total supply will act
as a buffer, so to speak, between the fluctuations in total abundance and the actual
catch, and adjustments of the fishing effort will serve to maintain the catch at a fairly
constant level. However, as the annual catch approaches closer and closer to the
total abundance, until, for example, 75 pel' cent of the total supply is taken annually,
it will become increasingly difficult to maintain the catch at a constant level and it
will reflect more and more the inequalities in abundance. When this stage of develop
ment has been reached, therefore, it is logical to expect that the fluctuations in
annual catches will become more violent, and we may assume that a fishery that
showl" such violent fluctuations has at least reached a point where more intensive
exploitation will cut into the reserve necessary for the maintenance of the resource.

The Alaska salmon fisheries apparently had reached this stage at least by 1918,
when the relatively smooth curve of development was replaced by the wide fluctua
tions of the succeeding years. The general level for the past 10 or 12 years has been
around 4,500,000 or 5,000,000 cases, but if the hypothesis given above is correct it
would seem that this is more than the resource can stand without injury. Perhaps
the general level should be maintained at 3,500,000 or 4,000,000, but any such state
ment in reference to the total pack is necessarily very indefinite, as the total pack
includes five species of salmon and an indefinitely large number of races tak:en through
out the vast extent of the Territory. In the more detailed analyses of separate
speeies and localities, which follow, we shall attempt to show the fluctuations in the
numerous components that together make up the total pack.

The studies of Alaska salmon statistics upon which this report is based were
begun in 1925. The passage of the act of June 6, 1924, had placed full responsi
bility for the care and preservation of the Alaska fisheries upon the Department of
Commerce. To fulfill this responsibility adequately, a knowledge of the trends and
fluetufttiollS in the fishery was imperative, and this report is the result of an effort
to co]]ect lLnd filll1lyze the tlvailltble data on the salmon fisheries of Alaska. Fortu
Blttely, the bureau possessed detailed yearly stfitistics in the form of sworn Itnnuld
reports. S11 bmitted since 1904 by efich firm or individual packing salmon in the Ter
ritory. These reports give, among other things, the number of salmon of each species
caught, the local.ity where the capture was made, and the kind and amount of gear
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used. Similar data bearing on the yield have been eompiled and pu blished in various
publications of the Bureau of Fisheries, but the only segregation has been as to
speeies and into three general distriets--southeastern, eentral, and western Alaska.
Although this arrangement has some value and is of long standing, having been
originated when the collection of data pertaining to the Alaska fisheries was con
ducted by the Tret1sury Department, it masks the details of the fluctuations quite
effectually, so that critical analysis is impossible. It has been necessary, therefore,
to go to the original records for most of the data presented in this report, and this
has been an arduous and time-consuming task. Certain data have been secured
from published reports; those for the years previous to 1904 were taken mainly from
the various reports of speeial agents of the Treasury Department and various others
from the annual reports on the AIILska fisheries and fur industries published by the
Bureau of Fisheries. It has not seemed desimble, ill such a report iLS this, to give
citations of the sourees of data in ILlly but certain speeiul eases. DatIL of the sort
presented in this report are subjeet to SOllle inexILcLness, of course, but it is felt that
they ILre as ILceumte as sueh data ean well be and certainly are as- aecurute ns is
necessary for any pl'lw.tical purposes to which they may be put.

In the treatment of these data we have attempted to segregLLte thelll into the
smallest possible geographical uuits. The ideal thing to have would be separate
data for eILch stream, but this has been possible only in iL few eases. As a rule, it
has been necessary to combine the data for several streams or for an entire bay, inlet,
channel, or larger geogmphical district. It has happened frequently that some
companies gave detailed information as to the localities where the fish were captured,
while others, operating in the same district, would assign the fish only to a general
region; as, for instance, Prince William Sound, Bristol Bay, or southeastern Alaska.
In such cMes we have attempted first to eomplete the records for at least the larger
items by correspondence with the companies that submitted the ineomplete records.
With the fullest available data at hand, it has then been necessary to decide whether
to retain the smaller units (and if so, which ones) or to give the data for the larger
unit only. Our procedure in such cases has not been uniform, as it was felt that
each case presented a separate problem that must be decided on its own merits. In
some instances the unapportioned fish formed so small a percentage of the whole
that they could not possibly affeet the general results, in which case they were merely
included in the total for the district. For example, 194,045 red salmon and a few
kings and chums were taken in Bristol Bay in 1922 and were unapportioned between
the four districts. These are included in the table giving the totals for Bristol
Bay but are not to be found in the tables for either of the four districts, so that, as
given in these tables, the total cL1tch for Bristol Bay for 1922 is greater than the sum
of the catches in the four districts. Such discrepancies are more conspicuous in
some of the other tables.

In other cases we found that the data for some of the minor localities within a
larger unit were reliable and significant while many were not. In such cases it has
seemed best to give the detailed data in so far as they were reliable, even though they
aggregated but a small percentage of the catch in the larger district. As un instance
of this, in the Shumagin Island district we have given separate data for Acheredin
Bay, Orzinski Bay, Ivanof Bay, and Red Cove and have combined all the other
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data into a single table for the remainder of the Shumagin Island district, finally
giving a table of totals for the entire district.

Still other cases were even more confusing, and our decision to present separate
data for a given locality or to include them with those of the next larger including'
unit has had to rest upon a consideration of such matters as the relative importance
of the catches under consideration, the nature of the data supplied, and to a very
considerable extent upon our personal local knowledge of the geography and fishing.

A study of this sort is primarily a study of abundance. ,Ve are concerned to
know what changes in the abundance of salmon have taken place, and, so far as they
may be discovered, the causes of these changes. We must decide immediately,
therefore, what we are to use as a measure of tLbundance. The best measure un
doubtedly would be one based on the yield pel' unit of fishing effort, but the intro
duction of new forms of gear, the enlargement and improvement of old forms, the
replacement of sailing bouts by motor boats, the impossibility of separating in our
available data the catch made by different forms of gear, nnd other similar factors
have made it impossible to define a sensible unit of fishing effort. We are forced,
therefore, to use the total yield as our chief measure of abundance, although we recog
nize the unsatisfactory features of this procedure. Wherever possible we have given
data showing the amount of gear ns given in the available records, but we consider
the records of gear to be only moderately reliable. The number of traps recorded in
many instances includes" dummy" traps, which are driven primarily for the purpose
of preempting a trap location and are never really fished. The gill-net records fre
quently include all the gill nets on hand during the season and so give no accurate
idea of the actual number fished; and the aggregate length of the gill nets reported
by n single company are given only in certnin years.

In any carefully considered plan for the conservation of a fishery. the most
important thing is to determine, as accurately as may he, the condition of the re
source. At any time we may wish to know the present condition of the fishery
and the prospects for the future, and knowledge of this sort is dependent upon a
knowledge of the changes the fishery has undergone in past years. Without It

knowledge of the past and present conditions it is impossible to determine whether
depletion has occurred or is imminent or what effect regulatory measures that may
have been imposed have had. This last is an especially important function of such
data, as it is necessary adequately to protect the resources and yet in the interest
of true eonservation the regulations must not be made so stringent as to reduce
the commercial yield below what the resource can provide safely. And, if we can
look into the future far enough so that the industry can be advised as to the pros
peets for the next season, a measure of efficiency and stability can be given which
will make for the saving of millions of dollars now wasted in outfitting for runs
that fail to materialize. Any appreciation of the present situation or any prophecy
for a future year must be based upon consideration of tho general trend of the
fishery, the cyclic fluctuations about that trend (if present), the spawning escape
ments in preceding years, the conditions on the spawning grounds and in the streams
Ilud lakes that may have affected the mortality of the broods duriug their life in
fresh water, and such information as may be available on the relative abundance
in the preceding year or years of fish of younger age groups derived from the same
brood years.
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While other matters are involved, it is quite apparent that any knowledge of
the state of a fishery will depend primarily upon the statistical records that are
available. The importance of accurate, reliable, and adequate statistical data can
not be stressed too strongly. They are, without doubt, the foundation stones of
scientific fishery conservation. The better the statistical records the more accurate
our knowledge will be and the better we can adjust our control to the requirements
of utional conservation. It is especially important that the continuity of the
statistical data be preserved, as we will want perpetually, as long as we have any
interest whatsoever in maintaining our fishery resources, to know their immediate
condition and future possibilities.

'Ve have pointed out above various weaknesses in the available data on the
Alaska salmon fisheries, and it is our belief that a more adequate system should be
devised and adopted at the earliest possible moment. The past records, which
form the basis of this report, are extremely valuable, but at best can answer our
lllany problems in a general way only. The proper care of these fisheries, for which
the Secretary of Commerce is now responsible, will depend in no small measure
upon such knowledge as statistics alone can supply, and these should be made
adequate at once to the demands of the future.

~t is pertinent to inquire what effect legal restrictions may have had throughout
the history of the fishery in modifying the catch, and we give herewith a brief
chronological summary of the laws and regulations up to and including the act of
June 6, 1924.

FEDERAL FISHERY LAWS AND RFGULATIONS AFFECTING THE SALMON FISHERIES
IN ALASKA

Act of March 2, 1889.

Section 1. Prohibits erection of dams or other obstructions in salmon streams.
Section 2. Directs Commissioner of Fisheries to investigate salmon and salmon fisheries of

Alaska.

Presidential proclamation, December 24, 1892.

Establishes Afognak Reservation.

Act of June 9, 1896, amended and reenacted by act of March 3, 1899. Treasury Department Cir
cular No.8, 1902, division of special agents.

Section 179. Prohibits erection of dams, barricades, fish wheels, etc., in salmon streams.
Section 180. Prohibits fishing above tidewater in streams less than 500 feet in width, except

with rod or spear; setting gear across tidewaters of streams for more than one-third the width or
within 100 yards of another net or seine in such streams or channels; fishing from midnight Friday
to 6 a. m. Sunday, except in Cook Inlet, Prince William Sound, and Bering Sea; fishing between
6 p. m. and 6 a. m., except by rod or spear, in streams less than 100 yards in width.

Section 181. Authorizes setting aside streams for spawning grounds, close seasons, and limita
tion of fishing season, but only after giving a hearing to interested parties.

Section 182. Provides penalties.

RegUlations promulgated May 2, 1900, under authority of act of March 3, 1899. Treasury De-
partment Circular No. 57, 1900, division of special agents. Repeated ill Circular No.8, 1902.

Paragraph 2. Prohibits movable traps, etc.
Paragraph 3. Prohibits nets, etc., within 100 yards of stream mouths.
Paragraph 4. Prohibits wanton destruction.
Paragraph 5. Requires reports of operations.
Paragraph 6. Requires information to be given as required.
Paragraph 7. Requires establishment of hatcheries.

100621-28--2
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Regulations promulgated January 5, 1903. Treasury Department Circular No.3, 1903.

Prohibits fishing until after June 30 in southeastern Alaska.

Act of February 14, 1903, Department of Commerce and Labor Circular No. 42, May 10, 1904.

Repeats act of March 3, 1899, changing authority to Department of Commerce and Labor.

Department of Commerce and Labor. Department Circular No. 34, April 18, 1904.

Rescinds regulation promulgated January 5, 1903, prohibiting fishing in southeastern Alaska
until after June 30.

Executive order, February I, 1906.
Establishes Yes Bay hatchery reservation and limits fishing therein.

Act of June 14, 1906, Department of Commerce and Labor Circular No. 136.

Prohibits aliens from fishing in the waters of Alaska.

Act of June 26, 1906, Department of Commerce and Labor, Circular No. 136, supersedes act of
March 3, 1899.

Section 1. Provides license taxes as follows: Canned salmon, 4 cents per case; pickled, 10 cents
per barrel; salt salmon, 5 cents per 100 pounds; fish oil, 10 cents per barrel; fertilizer, 20 cents
per ton.

Section 2. Provides tax rebates on account of hatcheries at rate of 10 cases of salmon to every
1,000 red or king salmon fry liberated; provides for inspection and approval of hatcheries, sub
mission of reports, and certification of reports.

Section 3. Prohibits maintenance of dams and other obstructions to passage of salmon in any
waters where the distance from shore to shore is less than 500 feet, or within 500 yards of the
mouth of any red-salmon stream less than 500 feet in width.

Section 4. Prohibits setting gear across or above the tidewater of any stream, estuary, or
lagoon for more than one-third its width, or within 100 yards outside the mouth of any red-salmon
stream less than 500 feet in width, or within 100 yards of another fishing appliance, or to construct
a trap or other fixed appliance within 600 yards laterally or within 100 yards endwise of another
trap.

Section 5. Prohibits fishing between 6 p. m. Saturday and 6 a. m. Monday except in Cook
Inlet, Copper River Delta, and Bering Sea, and between 6 p. m. and 6 a. m. in any stream less
than 100 yards in width. Provides for closing of trap and opening of heart walls of traps during
weekly closed season.

Section 6. Authorizes reservations for spawning and limitation or restriction of fishing after
giving hearing and in case those engaged in catching do not maintain adequate hatcheries.

Section 7. Prohibits canning or salting for sale for food any salmon more than 48 hours after
it has been killed.

Section 8. Prohibits wanton waste.
Section 9. Prohibits misrepresentation on labels.
Section 10. Requires reports of operations.
Section 11. Authorizes regulations consistent with this act by Secretary of Commerce and

Labor.
Section 12. Authorizes expenditures to enforce.
Section 13. Provides penalties.
Section 14. Method of enforcing act.
Section 15. Inconsistent acts repealed.
Section 16. Act effective June 26, 1906.

Order of Secretary of Commerce and Labor, December 19, 1907.

Closed to all commercial fishing Wood River and the area within 500 yards of its mouth.

Notice to packers by Commissioner of Fisheries, April 18, 1908.

Prohibits use of salmon bellies only without utilizing remaining edible portions of fish.
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Department of Commerce and Labor Circular No. 192, April 24, 1909. Regulations of Bureau of
Fisheries, Alaska Fisheries Service Circular No.2, March 10, 1911.

Provides for numbering of fixed fishing appliances.

Department of Commerce and Labor Circular No. 238, March 21, 1912.

Regulates fishing in Afognak Reservation; restricts fishing rights to natives; gear and seasons
subject to restrictions. (Presidential proclamation of December 24, 1892.)

Order of Secretary of Commerce and Labor, November 18, 1912.

Closes to all commercial fishing for salmon, streams flowing into Cook Inlet; Eyak Lake and its
tributaries; Anan or Humpback Creek, its lagoon, lakes, and tributaries, and the region within
500 yards of its mouth; Naha stream and its tributary waters above a line from Loring Point to
House Point.

Department of Commerce and Labor notice, February 6, 1913.
Extends privileges of fishing in Afognak Reservation to certain other natives and white men

married to native women.

Department of Commerce Circular No. 251, August 19, 1913.

Repeats acts of June 14 and June 26, 1906, and regulations of April 24, 1909, changing authority
to Department of Commerce.

Announcement, Department of Agriculture, Bureau of Biological Survey, April 13, 1914.

Permits to fish required in Aleutian Islands Reservation.

Department of Commerce Circular No. 251, second edition, May 4, 1915.

Gives aets of June 14 and 26, 1906; general regulations providing for (1) inspection, (2) num
bering of fixed appliances, (3) filing of labels, and (4) waste of backs. Regulations in Afognak
Reservation. Hegulations in Aleutian Islands Reservation.

Closing orders:
1. Promulgated December 19, 1907. Closes fishing in \Vooe! and Nushagak Ilivers and

within 500 yards of the mouth of Wood River.
2. Promulgated November 18, 1912. Closes fishing in (1) all streams of Cook Inlet,

(2) Eyak Lake, (3) Anan Creek and for 500 yards outside, and (4) Nulla River above
Loring Point and House Point.

Order of Secretary of Commerce, October 25, 1915.

Closes to all fishing for salmon all waters tributary to Barnes Lake; Hetta Creek, its tributary
waters, and the region within 500 yards of its mouth; and Sockeye Creek, its tributary Boea de
Quadra waters, and the region within 500 yards of its mouth.

Department of Commerce Circular No. 251, third edition, March 20, 1916.

Includes, in addition to contents of second edition:
1. Executive order of February 1, 1906, establishing Yes Bay Ileservation.
2. Closing order promulgated October 25, 1915, closing fishing in Barnes Lake, Hetta

Creek and for 500 yards outside, and Sockeye Creek (Boca de Quadra) and for 500
yards outside.

Department of Commerce Circular No. 251. fourth edition. March 12. 1918.

Includes. in addition to contents of third edition:
1. Proclamation of April 28, 1916. establishing Annette Island Fishery Ileserve.
2. Closing order promulgated November 30,1917, closing Karluk River and Lagoon.
3. Closing order promulgated November 30.1917, closing Bering River.
4. Closing order promulgated December 29, 1917, restricting fishing in Copper River,

as follows:
(1) Copper River DeUa closed between January 1 and June 1 each year and at Miles

Lake and Abercrombie Canyon between January 1 and June 5.
(2) Weekly closed season.
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(3) Gear in delta limited to gill nets excepting four traps at Cape Whitshed; no net
over 1,000 feet in length, only one net to a location, no offshore nets, lateral
distance between nets not less than 1,800 feet.

(4) Fishing prohibited between delta and Miles Lake.
(5) Fishing in Miles Lake only by stake and set nets not over 600 feet in length and

only one net to a location, lateral distance between not less than 600 feet.
(6) Fishing in canyon by dip nets only, not greater than 16 inches in diameter and at

least 300 feet between nets.
(7) Prohibits fishing above canyon.
(8) Set nets to be in straight line.
(9 to 12) Defines areas and eertain forms of gear.

Department of Commerce Circular No. 251, fifth edition, January 14, 1919.

Includes, in addition to contents of fourth edition:
1. Closing order promulgated Deeember 14, 1918, restricting fishing in Yukon River,

as follows:
(1) Pack restricted to not over 30,000 eases, 1,000 barrels, and 200 tierces. Pack

to be apportioned among established plants. Weekly reports of pack required.
(2) No packing for shipment out of Alaska above mouth of the Clear River near

Andreafski.
(3) Commercial fishing in the delta only in Kwikluak Pass.
(4) Traps and pound nets prohibited.
(5) Length of gill nets not to exceed 700 feet.
(6) No fishing after August 31, except for local requirements.

2. Closing order promulgated December 20, 1918, restricting fishing in Copper River;
revises closing order of December 29,1917, as follows:

(1) Closed season extended to June 10 (instead of .Tune 1) in the delta and to June
15 (instead of June 5) in Miles Lake and Abercrombie Canyon.

(2) Omits weekly closed season as required by section 2 of order of December 29,1917;
excludes all traps and limits length of gill nets to 800 feet (instead of 1,000 feet);
lateral distance between set nets to be not over 600 feet (instead of 1,800 feet).

(4) Excludes stake nets from Miles Lake. No set net to exceed 800 feet in length
(instead of 600 feet); shore of lake to be considered throughout season as it
was on June 15; fishing prohibited along west and north shores of Miles Lake
and along islands between the bridge and head of lake.

(5) No fishing permitted on east side of canyon.
(8 to 11) Define areas more clearly and certain forms of gear; essentially the same as

sections 9 to 12 in the order of December 29,1917.

Department of Commerce Circular No. 251, sixth edition, January 2, 1920.

Revised as to closing orders, which are as follows:
1. Yukon River, December 14, 1918.
2. Copper River, December 20, 1918.
3. Southeastern Alaska and between Capes Spencer and Newenham (all of Alaska south

of Cape Newenham), Dcember 23, 1919. This combines the orders for (1) Wood
and Nushagak, (2) Cook Inlet, Eyak Lake, Anan, and Naha, (3) Barnes Lake,
Hetta, and Sockeye Creek, (4) Karluk, and (5) Bering River and Southeastern
Alaska, making general provisions as follows:

(1) East of Cape Spencer-
(a) Prohibits all fishing in salmon streams, their tributaries and lakes.
(b) Prohibits all fishing except by gill nets and purse seines within 500 yards of

the mouths of streams.
(c) Prohibits fishing by gill nets and purse seines within 200 yards of the mouths

of all salmon streams; all appliances prohibited within 500 yards of the
mouths of the Chilkat, Chilkoot, Anan, Hetta, Sockeye, and Naha streams.
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(2) West of Cape Spencer. Prohibits fishing within 500 yards of stream mouths
except-

(a) Bering River. Fishing permitted bclow a point 800 feet northwest of the
mouth of Gandil River.

(b) Copper River. Same as in order promulgated December 29, 1917.
(c) Karluk River. Fishing permitted up to within 100 yards of the mouth.
(d) Ugashik River. Fishing permitted below a line 500 yards below mouth of

King Salmon River.
(3) Prohibits driving salmon downstream or outside the protected areas.
(4) Permits taking salmon with rod, hand line, or spear for family use.
(5) Afognak Reservation regulations remain as before (presidential proclamation of

December 24, 1892).
(6) Previous orders by Secretary of Commerce over waters herein are suspended.
(7) Order eft'ective January 1, 1920.

Announcement, Department of Agriculture, Bureau of Biological Survey, June 25, 1921.

Renews requirements for permits in Aleutian Islands Rescrvation.

Department of Commerce Circular No. 251, seventh edition, January 4, 1921.
Closing orders revised.
Fishing in Bering River prohibited.
Fishing in Copper Hiver prohibited after September 1, 1921.
Fishing in Kuskokwim IUver prohibited after Septcmbcr 1, 1921.

Department of Commerce Circular No. 251, eighth edition, April 22, 1922.
Alaska Peninsula Fisheries Reservation established by Executive order February 17, 1922.

Regulations therefor issucd on April 18, 1922:
Districts defined.
Permits to operate required; will be issued only to present operators; pack will be limited.
Transportation of fresh salmon from one district to another prohibited.
Taking of salmon for fox food permitted.
Closing orders simplified, as follows:

1, 2, and 3. Prohibit fishing in streams and within 500 yards of stream mouths except
in Karluk and Ugashik Rivers, which remain as before.

4. Driving salmon downstream prohibited.
5. Permits taking salmon for local requirements.
6. Afognak reservation remnins as covered by presidential proch1mation of December

24, 1892.
7. Previous orders of Secretary of Commerce over waters herein specified are suspended.
l-J. Order effective January 1, 1922.

Department of Commerce Circular No. 251, ninth edition, January 9, 1923.

Alaska Peninsula Reservation regulations include limitation of gear and fishing operations,
otherwise essentially the same as for 1922.

Southwestern Alaska Fisheries Reeervation established by Executive order, November 3, 1922;
regulations therefor promulgated on December 16, 1922.

Districts and zones defined; permits to operate required; pack, gear, and operations to be
limited; taking of salmon for fox food permitted; purse seines prohibited; transportation of salmon
between districts or zones outside the reservation prohibited; transfer of salmon from one plant to
another prohibited in Cook Inlet and Kodiak districts.

Buying from natives permitted, but salmon so bought come under pack limitations; fishing
prohibited in Chinik Inlet; special regulations for Bristol Bay:

1. Transportation between Nushagak and Kvichak-Naknek-Egegik district prohibited.
2. Fishing restricted to gill nets except that traps operated in 1922 may be used in 1923.
3. Limits size of nets and mesh.
4. Use of motor boats used in 1922 permitted in 1923, aftcr which they fIore prohibitcd.
5. Fishing season for reds, June 26 to .July 25.
6. Fishing for king sllimon may begin beforc June 2G.
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Executive Orders Nos. 4020 and 4021, June 7, 1924.

Revoke orders establishing Alaska Peninsula and Southwestern Alaska Fishery Reservations.

Act of June 6, 1924. Department of Commerce Circular No. 251, tenth edition, June 21, 1924.

Section 1. Gives broad authority to Secretary of Commerce for conserving fisheries of Alaska;
authority given to establish Heas in which fishing may be prohibited or limited by (a) limitation of
size and character of gear, (b) limitation of catch, and (c) limitation of time, means, methods, and
extent of fishing. Such regulations must be of general application and exclusive rights to fish
shall not be granted; act does not affect specified closed areas; prohibits importation of salmon
taken during closed periods.

Section 2. Not less than 50 per cent escapement required in streams where counting weirs are
maintained.

Section 3. Amends section 3 of the act of .June 26,1906; prohibits erection of dams, traps, etc.,
in waters less than 1,000 feet in width or within 500 yards of salmon stream mouths except at
Karluk and Ugashik; prohibits setting of gear within 100 yards of other gear or to drive a trap within
600 yards laterally or 100 yards endwise of another trap.

Section 4. Amends section 4 of the act of June 26, 1906; prohibits commereial fishing in streams
or within 500 yards of stream mouths, except at Karluk and Ugashik.

Section 5. Amends section 5 of the act of June 26, 1906; provides for a weekly closed senson
from 6 p. m. Saturday to 6 a. m. Monday and for the proper closing of traps during closed seasons.

Section 6. Provides penalties for violations of regulations.
Section 7. Repeals sections 6 and 13 of the act of June 26, 1906, authorizing reservations and

providing penalties.

The acts of June 14, 1906 (prohibiting fishing by aliens), and section 2 (providing
tax rebates for hatcheries operated), section 7 (prohibiting use of salmon after 48
hours), section 8 (prohibiting waste), section 9 (prohibiting false labeling), section 10
(requiring reports), section 11 (authorizing regulations), section 12 (authorizing
expenditures to enforce), and sections 14, 15, and 16 (formal) of the act of June 26,
1906, are still in force.

The acts of June 14, 1906, and of June 6, 1924, and the given sections of the act
of June 26, 1906, remain (February 14, 1928) unmodified, except for the act of June
18, 1926, which modifies section 1 of the act of June 6, 1924, and permits the taking
of fish and shellfish for bait purposes at any time. Numerous regulations have
been promulgated under the authority given by these acts, the details of which may
be found in the various editions of circular No. 251 and in the various annual reports
of the Alaska fishery and fur-seal industries. Most of the current regulations are in
the fourteenth edition of this circular, issued December 12, 1927.

It is apparent from this summary that there were no drastic restrictions on the
fishery up to the time of the establishment of the Alaska Peninsula and the South:"
western Alaska Fishery Reservations, and even such mild restrictions as were imposed
by the two acts of 1906 were not really effective because of lack of funds for adequate
enforcement. A few dozen stream guards and a few small patrol boats could do
comparatively little along such an extended coast line as that of Alaska. Up to
1922, then, it is safe to say that the catch of salmon had not been affected materially
by legal restrictions. It remains to be seen whether the restrictions imposed in the
central and western districts under the authority of the reservations or those imposed
so far under the authority of the act of 1924 are adequate to protect the salmon
resources. If the theory we have expressed above is correct and the Alaska salmon
fisheries have reached a point beyond the safe limit of exploitation, it is obvious that



BRISTOL BAY AND ALASKA PENINSULA SALMON STATISTICS 53

effective conservation must result in a general lowering of the yield. It is but blind
ing our eyes to an obvious if unwelcome fact to expect a resource that is being con
served adequately and intelligently to yield as much as it would yield, jor a very
limited period, under conditions of unrestricted and intensive fishing. So far as the
data for the ~ntire pack serve to indicate, it does not appen,r that the present restric
tions have reduced the strain on the resource materially. There was a gradual
recovery after the depression of 1921, and the total pack of 1926 was the largest in
the history of the industry. The drop in 1927 may hn,ve been due, in part, to an
increased effectiveness in the regulations and t~eir enforcement, but there was an
unquestionable scarcity of fish in thn,t year, so that the effect of the regulations would
seem, at best, to have had a reln.tively smaIl influence in reducing the catch. It may
safely be predicted that effective conservation will mean, on the one hand, 1m increased
stringency in the regulations and, on the other hand, a generally reduced level of
the yield when compared with the geneml level that has been n1l1intained for the
past 10 years. This stfltement a,pplies to the salmon resources of Alllsim ns a whole.
The conditions as found in separate localities will be discussed below.

The analyses of datn, presented in this report have been limited by lad~ of time,
but the data themselves lue presented in full, so that it will be possible to make any
additional analyses in the future that may seem desimble. A careful rechecking of
the work has been impossible, and no doubt va,rious errors have crept in. It is our
hope, however, that none of these is great enough to affect our general conclusions
seriously.

BRISTOL BAY

The available statistics for the early years of the salmon fishery in Bristol Bay
are unsatisfactory in that they give records of the pack only, not of the catch, and in
these all species are combined. Beginning 'with 1893, however, the reports of the
special agents of the Treasury Department give the number of fish taken in the various
localities. This was continued until 1904, when the collection of statistics by the
Bureau of Fisheries began. Moser 1 gives the best available record of the pack during
the years preceding 1893. Pracht 2 gives a record, substantially the same as that of
Moser, of the pack for 1892, but does not allocate all of the pack to a definite district.
Moser gives the pack for each cannery and the location of the cannery, so that it has
been possible to rearrange his data for these early years into the form given in
Table 1.

TABLE I.-Salmon IJack in Bristol Bay, 1884 to 1892, by cases

Year Nushagak Ugashik Year Nushagak Ugashik

400 .__ 1889. • __
14,000 ._ 1890_ •••• • • • • __
48,822 .___ 1891. __
72.700 • 1892 __
89,880 _

115,985 _
118,300 _
129,423 3,99563,499 _

I .. Alaska salmon investigations in 1900 and 1901," by Jefferson F. Moser. Dul1etln, United States Fish Commission, Vol.
XXI, 1901 (1902), pp. 173-398. Washington.

J See report or special agent Max Pracht, dated Jan. 19, 1893, In Seal and Salmon ]<'Isheries and Geneml Resources or Aillska,
Vol. II (1898), p. 385. WIIshlngton.
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Table 2 gives, in detail, the catch of each species of salmon in each region of
Bristol Bay and the total of each species for the whole of Bristol Bay. Four quite
distinct districts are recognized in the Bristol Bay region, known by the name of the
chief river in each district. The Nushagak district includes several important
streams flowing into Nushagak Bay-the Nushagak, Igushik, Wood, and Snake
Rivers. The Kvichak district includes, besides the K vichak, the Nakn~k River and
several smaller streams, which are virtually tributary to the K vichak. The Egegik
and Ugashik Rivers are distinct. The data for the years 1893 to 1903, taken from the
reports of special agents of the Treasury Department, do not give the locality of
capture but only the location of the cannery where the fish were packed. Although
doubtless there is some danger of confusion in assuming that the fish canned in any
one of the four districts of Bristol Bay were captured in that same district, we believe
that the confusion is not likely to be serious and, therefore, have included the figures
in our tables.

It is quite apparent, from a comparison of the catch figures with those for the
pack, that in many cases the figures for the catch have been derived from those of the
pack by multiplying the number of cases by a faetor assumed to represent the number
of fish per case. This is a source of some error, especially in the earlier dtlta; but as
most of the companies keep fairly reliable records of the number of fish per caRe the
data are considered adequate for such analysis as we have made.

No records of the amount of gear used 8J'e available until 1904. Without doubt
these records are much less satisfactory than are the records of the catch of fish and
must be used with the greatest care. The records of gill nets in Bristol Bay seems
especially unsatisfactory, as the records indicate a decided change in the average
length of gill net during the history of the fishery. For several years the standard
length has been 200 fathoms, but in former years the standard length was only about
100 fathoms. Again, in most instances the number of gill nets recorded in the state
ments submitted by the companies is apparently a record of the total number of gill
nets on hand for the season and does not state the number of nets actually fished.
No doubt the number of gill nets on hand bears a fairly definite and constant ratio
to the number fished, but this is certainly a possible source of serious error. Further
more, there are two kinds of gill nets in common use-a large-meshed net used for
king salmon and a small-meshed net used primarily for reds. Some of the companies
show the number of nets of each kind, while others do not segregate them,although
there is no reason to suppose that they have not operated the same sort of gear. In
spite of these and other weaknesses we have thought best to include in these tables'
the number of nets and traps operated, although we have not given the number of
fathoms of nets used, as in some of the later tables. These data will serve to give
some measure, however roughly, of the gross changes in the intensity of fishing, and
even a rough measure of this is better than none.
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TABLE 2.-Salmon caught and fishing appliances used in Bristol Bay, 1893 to 1927, by districts

1923 . __ . . __ .. __ . .____ 9,274 152,lIil 56,3\l7
1924._. . .____ 311,787 152,235 101,031 5a,532

i~~g====:========:==:===:================= ig; ~~} 1¥~, ~g~ 283, 8}~ g~, ~~~;KVl~~7:k: ----------. ---.--------------------- 137 137; 525 3 1i8: 044
18113 . . -- . __ .. _. ._
1894. •• . . . •• _
W95 __ . • • . __ . • __ • -" ' . . _ 1,452

m~:::::==:::==:==:===:::::=::=:::::=:::: ~:~~~~~_ =:::::=::::: :::::::=:::: i: ~~~

Nushagak:
1893 • • ._______ 74,000 . . _
1894 .______ 47,000 • _
1895 • • __ . _. ____ ________ 28,050 •• ' • _
1896__ • • • • __ 117, 530 • • •
1897 • • • ._______ 150,000 35,348

1898 .________ 55,744 • .____ 59,786
1899 . __ 100,396 _ __ ___ 16, 758
1900 • ._. • • 7,803
1901. • • ___ ___ ______ ___ 2, 893 __ • .__ _ 218, 188
1902 • • • __ 193, 838 _. .__ 447,433

1903__ • • • ___ ___ 60, 073 • •• __ 238,804
1901. . • . ._____ 123,661 34,570 340, 139
1905 . •• ____ _ 65, 508 34 933 183, 153
1901i . • • 207, 257 169; 541 I, 545, 585
1907. . _____ 129, 065 415,372 344, 148

Red Gill nets Traps

640,000 ---------. ---- .... --
860,000 _________ . --------
938,946 -----.---- ------- ..

1,262,690 ---------. --------
1,240,080 ---------- --------

1,890,092 ._-------- --- .. - .. _-
2,517,436 ---------- --------
4,234,533 ---------- --- .. Oo---
5,401,051 ---------- --------
4,725,715 ---------- --------
6,319,189 ------70ii- --------
5,345,659 10
7,38'/,935 496 9
5,427,512 518 13
2,627,351 421 12

6,092,031 495 10
4,900,635 394 11
4,469,755 431 8
2,957,073 492 10
3,993,428 758 8

5,409,933 871 8
0,457,815 977 8
5,904,862 1,163 8
3,744,551 1,078 8
5,847,239 1,263, 7

6,296,702 1,224 7
1,477,336 1,096 7
2,682,056 1,172 3
3,717,284 1,057
3,408,358 952 3

I, 1121, 874 760
2, HiS, 154 405
3, ooa, 12" fi25
4,022,328 450

657,467 444

100,000 ---------.
8~ ______

262,550 .. ----._-_ .. ---._---
413, ti51 ---------. --------
487,6:\0 --- ------ .. --------

1,410,287 .- .. ------ --------

2,241,113 --.------- --- .. _---
1,649, 127 ---------. --------
3,208,263 ---------- - ....... ---
3,622,638 ---------- ------- ..
6,038,386 ---------. --- .. ----
7,516,329 ---------- _.. ---_ .. -
5,856,442 351 5
0,773,275 317 5
4,954, 1105 123 4
0,782,072 307 3

9,088,285 327 3
0,533,337 357 4
0,330,382 395 3
4,587,341 525 4

13,821, 1105 584 2

13,691,550 655 2
12,584,809 652
7,156,488 638

11,551,086 792
15,702,582 1,076

14,210,530 1,233
4,929,761 1,305
5,275,140 1,146
9,690,857 984

15,636,907 853

H,361,488 I,OUO
6,813,083 1,080
~i, :155, 29a 1,22S

12,717,501 l,OOl
8, \)17, 893 010

17,565
17,08'1
13,629
7,951
9,570

5,048
10,657
29,392
20,934
10,155

1,845
1,248
2,342

15,245
6,755

3,032
11,406
17,470
33 574
28; '195

39,540
106,705
27,791
19,540
11,225

9,681
17,715
21i,140
18,033
14,298 \

44,000
10,500
18,473
14,777
18, 134

16,736
37,011
55,146
86,431
98,216

81,640
85,787
90,929

105,058
104,157

69,175
108,311
86,433

103,806
87,489

67,656
88,693

116,387
81,921
74,316

46,386
93,778
97,937
71,048
60,024

KingPink

392,797
IH,119

430,3nn
79,764

1,516,039

5,024 2,570
1,872 28

93,8-10 219, a30
89,688 12,000
11,149 145,536

5,830 4,524
9,062 107,423

129,130 124,385
259,013 45,104
45,997 37,082

94,036 35,322
25,251 439

188,469 950,098
102,157 924
57,309 38,760

17, a19 3
113,731 2,025
110,390 ---.--------
laO 04'1 4,105
44; 489 ---.--------

415,369
356,621
206,220
245,795
341,059

Chum

265, 184 418,015
541,690 390,776
444,146 ------------

1,173,914 638,607
303,620 ------------

638,537 583,981
170,501 13
208, 601 1,095,318
235,763 15
425,572 222,100

103,013
80,513

139,200
129,971
195,083

66,640
81,434

117,172
293,210
62,260

108,576
46,687

145,510
84,564

159,783

CohoYear

1908 _
1909 _
1910 _
1911. _
1912 _

1913 _
1911. _
1915 _
1916 _
1917 _

1918 _
1910 . __
1920 _
1921 . . _
1922 . . . _

1898 . . • . __ . . . _
189!l_ • • " •_. _. _. • • _•• • • • •_.
1900 . _. •• ' • • • _
1901. ." •. _____ I, 286 __ • ___ ______ 13, 000
1902 • . . ._. • • __ •• __ • 46,752

1903 _. • • . • . _. • • _
1904 • .____________ 5,250 1,138 35,593
1905 •. ._ • ._ •• • .____ 7,000 4,940 32,200
1906 . . '" . ___ 24, 000 319, 563
1007. ._____________________ 45,458 • _

1908 . • _
1909 __ . • __ . • . • _
1910 . __ • . _
1911. . __ • . ._ .. _
1912 • • • • _. __ 10

1913 __ • • __ . • • .______ 2
1914 __ • __ • • •• • __ 17,508
1915 . " __ • ._. __ ________ 13, 271
1916 . • • • __ . _________ 288
1917 •_•• •• __ ___ __ 3

1918 • • • __ • __ • _. _
19111 . • . • . __ • • _

i~~~:::: =:::::::::::::=::=:::=::::::=::==: ~,_~~~_1922 • ' _. __ 180

1023 •• •• •• • ._. ._
1921. _• • . . • ___ __ 152
1925 . ' __ . __ • ______ 5

i~~~:::: ::::::=::::::::::::::::::::=::::== 35~ I
100621-28--3
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TABLE 2.-Salmon caught and fishing appliances used in Bristol Bay, 1893 to 1927, by districts-Con.

Year Coho Chum Pink King Red Gill nets Traps

247,842 -- -------- --------
284,650 ----.----- --- --- --
307,574 ----._---- --------
427,886 .-------.- --------
403,444 .--------- --------
781,038 --------136,759 45
140,000 15
238,000 15
481,578 41

781, 131 I 44
8-10,674 47
619,001 50

1,158,176 67
1,455,247 57

902,728 56
897,767 52

1,217,252 H2
1,578,862 71
1,856, HOO 89

1,818,217 82
607,688 109
498,949 H7

1, 13H, H70 lOa
2,529,129 115

1,116,057 100
874,019 94
212,987 98

1,522,721 72
1,285,059 84

200,000 ---------- -----.--
112,850 ---------- -----.--

65,210 ---------- --------229,020 ---------- --------463,698 ---------- --------
548,793 ---------- -----._-
H61,524 ---------- --------
796,965 ---------- --------769,002 .--------- --- .. ----

1,640,973
-------~.-

~_.~._~-

1,703,536 ...-~ .. ~

564,492 105
5a2,779 75
203,014 57
302,402 26

272,355 46
218,237 27
168,471 27
112,521 47
425,763 48

577,615 79
264,716 H5
509,076 70
647,422 no

1,047, 111 66

756,206 64
146,500 52
441,770 86

1,135,265 62
1,863,638 84

782,545 lao
446,810 77
438,103 118

1,151,541 81
211,409 78

394
126
833
331
735

1,213
2,891

801
460
202

254
405
610
3u5
143

427
198
441
fifi6
93fj

1,670
700

2,456
4,162
3,615

2,056
2, 203

892
946
467

691
1,209
1,739
1,904

531

695
1,273
1,181

828
623

541
200

1,870
484
769

7,132
2,430

21

4,900

28,929

2,954
6,717

10,413

7, J69
6,042
9 321I; 017
6,413

29,197
8,917
3,002
3,416
2,419

6,663
2,627
5,503
8, u34

27,631

1908.. _. _. __ ._ .•. _..•. - -- - -- .-- .. -. -- ...• . _
1909 _ ' _ __ .• __ .. _- __ .. __ ._ •. _ . _. •.. __ .
1910_. _.. _._ _ _'_"_' .. __ _. __ .. __ .
1911 .. _.... _. _ " _.......•. __ ••.. _.•... .• •.
1912.. _•..... __ ..-.",."., .. , - _. _..•.. _.•

1913 _' _..... _....•....... " _...... 165 . __ " " ..
1914 _. _. . __ " _. .•.•_. •. __ ..•. _ . _. .•. ___ 1,064
1915.. _. """ _ _ _. __ " _. __ ..__".' .. 1, 591
1916. _. _.•. __ •. . __ .. __ .. _. __ . __ ... _.... 7,500
1917 ._ .. _..__ •• __ ... _•. __ .. __ ._ •. _ _._ .. _•... _..• _._ 5,726

1918... _. _. __ .. __ ,., _" __ " __ " .. _. __ . _•.. __ .. _'"
1919 _.. _._. __ .. __ .. _.•. ' .. _.. __ •. ._ ..... __ ... _....
lIJ20 .. _.' _.• _.. . __ ... _"_' ._ .•. .. _. _ 264
1921. __ . _. _" __ " __ .. __ .' .•. __ ' • __ • _.... '_'" _.....
1922 _. _..__ '" _. .._..... __ .. __ .. . __ . 21

1903•. _. • ' • _- - - _. _. - -_ --- -" -.- - - - - -- -' -- -- - - - ••. - - •• - -. -. - - - - - •••••
1904..• •• •• _.. _. • .__ 558 1,600 19,723
1905 .• .• .._. •. • __ •• ___ ___ 6,733 19, 106 26, 662
1906. .•_•• __ . . ._. __ ..• _.• . __ .. 00,000 22,797
1907.• ._ •.• .• ._. __ • •• •. __ •. _ 26,972 .-- __ • __ ._._

in!~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I~~~~~~~~~~~~ :~~~~_I:::::~r~m:
, I

illl:~jj .:::jj~ jj~: jjjjjj~::j:mj:jjj~~~~ Ijj~~~ ~jj~~jj ~mI;:;;;;::·~;
I I

:ij:~~~:i~:;:;;j~~: :::~; :;:~::j::: :::::i~~~: ~~.:~~ ;1II~~:::: ::::::

1923 .. _... __ .. _... • __ ..... •... __ . __ ... _.. _...
1924. __ • __ ..... __ • __ .. __ , ._ •••• __ •••. . 440
1925 __ .. _' ._ .. .. _..... __ . __ ... ... _•. "_
1926.. • _. .. .' -. _' - -" .-- .. - -- -- __ • _.
1927 __ . . •. _. . • •. .. _ 1

Ugashik:
1893•• • ._ •. -_. - - -. - - - - - -._ - - - -- - -. - ._ •• - - •• ..• - - - -. - - -. - -. -. -. -- - -- -- -. -. - -- - -.
1894 __••.. . __ .• . ._ ' _._. . __ •..•_ ._._. . _.. ' . __
1896 ._. __ • __ " - __ -. ---. -- --.-- • __ - -••. --- -.- - -. -- - - •• --- -.- - .•. - - - -" - -- - - - - ~- - -. - ---.
1896.. ._ ..._. ' __ •.,. ..... . __ . _.. _. -. -- - - -- -... -.-. - -. "_ - - - -- - - - ••• -._
1897 • " • .. .•• . _. - -- .. - .•-. - - ..•..- .... -'- -- 259

Egegik:
1893...................•.......................................... _........................•..............•.•.....•.......
1894. ..........................•................•....... _....•.... _ _.................•.......•...............••...
1895 _ _ _ """""'_ 54,321 .•................
1896....•....................•..•..................... _..........................• _....... 20,400 ..........••......
1897. •.............................................................",..",.,. 257 203,458 , ..",.. " .

1898.....•............_................... ..........•• 537
1899............................•....•...•.•..•..•.............••....................•....
1900 _ _ _ ""_""'" _._......... 41
1901. .•.•.•...•... · ..•.••.. ·•· · ··· .•........•. ..•.•....... 616
1902. _.. •. __ .. __ ...• __ .• __ .• _. _". _"" __ "'" __"'_""" . __ . _.. __ .. '

1898 • _._ ._••• _. •• __ • .. • ' __ ' -_ .-- --. -- - .•.. -- _.•.. -_.. 142
1899 • __ ._. __ •• '_' _. -- •• - - -. _. _" - - •• - - -- - •• - -. -. - - •• - -. -.-. -. - - -- - .• -. -- .• ---. --. -. - .•
1900..• __ •• _" ._.• __ • _" •. __.' - .• --- •.••. , _-•• - - - - -.•. -- - ... - .--... --- - -- 778
1901_ ••• • __ ._. • • ••• • • -- •• -- ••---. - •• -.-.----- -- •• -------- 3,755
1902.. . . ··_.••_· •• • -.---.-.---- 8,080 4,118

1903._ •.. _.._•. _.. _.. __ .• __ ._ .... __ .. ._._ __ .. ._._ .... ' 2,700 264
1904. _. _'" __ ...........• __"'.' _. _.. __ .... _.• __ __ .. .• '.. 2,691 • _. .• _
1905•.• _._._ .•. __ .. _. •. _.. _._ ... __ ._ .. _ ._._ .•. __ _•. .,.___ 49,000 ""' __ "'"
1906. __ , _.. __ • _.. __ .. _. __ _. _' __ _ __ ._. __ __ . 14, 000 400
1907 _._ •. _.••..•. ' __ ._ . __ .. _...•........•. __ _. _ 20,925 __ .•.•• .• 1,410
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TABLE 2.-Salmon caught and fishing appliances used in Bristol Bay, 1893 to 1927, by districts-Coil.

===='======~======'==7====='====-=--=OC==O-----'-----------

-------------1----1----1-------- ----.-
ned Gill nets Traps

-----

940,000
~--------- ------ .. -

1,235,400 ---------- --------
1,472,137 --------- .. ----- .. --
2,099,740 ---------- ----- .. - ..
8,317,523 ---------- --------
4,927,840 ---------- _.------
5,112,737 --- .. ----- .. -_ .. - ----
8,547,335 ---------- --------

10,220,577 --.------- --------
12,808,518 ---------- --------

16,820,092 ---------- --------
11,903,352 1,261 15
14,833,989 903 14
10,823,431 713 17
10,193,403 795 15

16,233,802 912 13
15,497,883 825 16
11, 503, (lOO 903 12

8,815, 114 1,131 14
19,696,343 1,447 10

20,581,826 1,661 10
20,195,107 1,746 8
14,787,678 1,983 8
17,521,921 2,001 8
24,513,532 2,494 7

23,090,665 2,603 7
7,161,375 2,562 7
8,897,915 2,471 3

15,680,070 2,206
28,632,077 2,004 3

18, 181,964 2,056
10,802, OliO ],656
7,909,508 2,069

19, 4J.l, 094 l,tilH
11,071,828 1,516

fJ7,0I8
71,663
97,4-18
7,j,lI04
83,81H

44,000
10,500
19,925
17,301
10,897

19,260
38,259
58,307

106,047
109,089

86,506
97,953

116,855
143,194
137,677

90,009
130,489
101,755
113,163
97,728

74,249
100,904
148,028
105,124
91,145

87,048
201,954
127,850
91,982
74,020

KingPink

35,348

59,786
16,758
7,803

231,188
502,265

241,504
398,146
291,015

1,901,945
344,148

399,257
101,279
652,129
91,764

1,680,652

425,493
564,998
134,798
683,771
37,082

619,303
452

2,045,437
931l

289,795

3
103,056

18
288,0-11

3

Cbum

60,073 -----37;308-129,469
78,301 58, 1184

207,257 253,541
121l,065 508,727

103,013 459,899
80,513 378,138

139,200 310,218
129,971 347,866
195,093 354,627

66,807 284,718
98,942 566,947

130,443 593,079
293,498 1,489,623
62,263 356,222

108,576 745,824
46,687 204,474

153,304 434,338
84,504 355,331

159,984 515,915

9,274 184,902
40,379 285,4U:j
16,596 231,808
13,21l7 326,018

146 195,803

74,000
47,000
28,050

245,068
150,000

CoboYear

1898______________________________________ 55,714 _
1899_ 100,396 _
1900 _
1901. _________ ____ _____ ______ ___ _____ __ 4, 179 _
1902______ ___ __ ____ __ __ _ 193,838 - __ ---

1903 _~ _
1904 _
1905 _
1906 _
1907 _

1908 _
1909 - _
1910 _
1911 _
1912 _

1913 _
1914 _
1915 _
1916 _
1917 _

1918 _
1919 _
l!l20 _
1921 _
1922 1 _

1923 _
1924 _

.1925 : _
1926 _
1927 _

Total:1893 _
1894- • _
1895 _
1896 _
1897 _

I Ineludes 520 chums, 312 kings, and 104,045 reds not given above.

We may now examine these data in an attempt to answer several importl1l1t
and more or less interrelated questions: 1. Do the trends of the four districts vltrv
independently or together? In other words, has the development of the fishery i~
the four districts been pl1rallel? 2. Do the deviutions from t,he trends, the yearly
fluctuations in abundance, vary independently or together? 3. What is the present
state of the fishery in each of the four districts? We shall consider the catches of
the various species separately, and as the red salmon is by fl1r the most important
species in Bristol Bay we shall discuss it first.

RED SALMON

Figures 3 to 6 present graphically the dfLta for red salmon given in Table 2
fLnd in addition the trends of the catches. These trends are five-yeur moving aver
~ges find were calculated in the usual manner. The vlllue of such a trend for any
given year is determined as the average of the catch for that year, the two preceding
yeurs, and the two succeeding years.3 The trends alone are shown in Figure 7 on
a proportional Oogarithmic) scale, so that the relative changes in the four districts
may be more readily compllred.

'Prineiples and Methods of Stntlstles. By R. E. Chaddock. Pa~e 310 nnd followill~. JloughtonlVlitllili ('0., lIi2r,.
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The trends in all four districts show a constant and fairly regular rise during
the first 10 years or so (up to 1903 or 1904), which is indicative of the gradual develop
ment of the fishery during that period. In the Nushagak district the trend remained
generally high {near the 5,000,000 level) for the next 15 years (1902 to 1916) then
fell off sharply. Since 1920 it has remained at about the 3,000,000 level. This
drop was even more sharply marked than shown by the trend, as may be seen by
reference to Figure 3. This shows that the change to a lower level came very sud
denly and without. warning in 1919. In this case the process of smoothing, by
which the trend was obtained, has obscured the very sharp drop in the general level.
It is of the greatest importance to those interested in conserva~ion to note the sud
denness with which the catch sank to this lower level. It seems impossible to
ascribe this phenomenon to any cause other than depletion--to overfishing in the
15 years or more that preceded the drop. This is exactly the sort of thing that
biologists have warned could be expected, the logical explanation being that the
catch was held up, in spite of real depletion, by an increased intensity in fishing,
until finally the break came and severe depletion became apparent all at once. It
is interesting to note, in accordance with the hypothesis advanced above that wide
fluctuations are a mark of a too intensive fishery, the decade and more that preceded
the year 1919 was marked by wide fluctuations in the total catch. The question
immediately arises, is the present intensity of fishing on the Nushagak side too
great for the lowered level of abundance that is now established? Unfortunately
the problem is complicated by a number of factors, which it is impossible to evaluate
with the available data. During the period of heavy catches (from 1902 to 1918)
there was a considerable increase in the number of gill nets but a decrease in the
number of traps, and to what extent one offset the effect of the other we can not
know. Neither do we know how the intensity of fishing has been modified by changes
in the length of gill nets and the length of time each gill net was actually in
the water. It would appear that a reduction in gear from 8 traps and over 1,000
gill nets to no traps and about 500 gill nets was more of a change than that of a
catch of approximately 5,000,000 to one of approximately 3,000,000, but this is by
no means certain. Furthermore, the former intensity of fishing was unquestion
ably too great, but just how excessive it was we have no way of telling. With the
greatly decreased abundance it may well be that the present intensity is still too
great and that further depletion will result. The extremely poor catch of 1927
certainly would indicate that the intensity of fishing had not been reduced suffi
ciently in 1921, 1922, and 1923 to permit an adequate escapement, as the red salmon
of Bristol Bay are largely 4, 5, and 6 years old; and even though the reduction in
gear has been sufficient to permit the maintenance of the catch at the 3,000,000
level, should there not be a sufficient reduction in the catch to permit the runs to
increase to something approaching their former abundance? Unquestionably the
general tendency on the Nushagak has been downward, and if the depletion should
continue at the present rate we may anticipate that within the next two or three
decades the formerly magnificent runs here will be so reduced as to be worthless
commercially.

None of the other districts of Bristol Bay show such sudden and serious depletion
as does the Nushagak. While the Nushagak catch reached its maximum size about
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1903, the Kvichak catch continued to increase, and the trend reached its peak in
1915 and 1916, since when there has been a material drop, although this is by no
means as marked as in the case of the Nushagak catch. The trend at Egegik has
been much the same as that in the Kvichak, with the exception of a drop in the
years 1902 to 1906: The peak of the Egegik trend came in 1916, since which time
the trend has slowly but unmistakably declined. The Ugashik trend is quite different,
rising to its highest peak in 1901 and then falling gradually until 1909, since which
time it showed a gradual but steady recovery, which was broken sharply in 1925.
Without much doubt the early drops in the trends at Ugashik and Egegil\: were due
to reduced intensity of fishing, as shown by corresponding decrease in the number of
gill nets. For some reason the early development of the fishery in these two districts
was arrested for a time but was resumed later.

It is apparent that there has been a certain amount of independence in the trend
of the red salmon fisheries in the four districts. With the possible exception of the
Ugashik, however, they all show a present tendency to drop. In the case of the
Ugashik it would appear, from the raw datn. presented in Figure 6, that this stream,
too, is entering a period of decreased productivity. While the depletion of the
Nushagn,k is much morc pronounced than in the other districts, itis quite evident
that the red-salmon catch in the entire Bristol Bay region is distinctly on the decline.

We will now examine the short-time fluctuations, as distinguished from the long
time fluctuations, or "seculai'" changes indicated by the trends. We have discussed
above the general importance of a knowledge of the character of these short-time
fluctuations. To be more explicit, it is important that we know (1) whether or not
there is any regularity in these short-time changes-whether they occur in cycles or
not; (2) what the interval of the cycles is, if the changes are cyclic in character;
(3) whether there are sudden or progressive changes in the nature of the fluctuations,
and (4) whether there is any correlation in the fluctuations in different streams.

Our interpretation of the facts disclosed by an analysis of the fluctuations will
depend, as in the case of any statistical analysis of such data, upon an understanding
of the biological and economic factors that may affect them. We are concerned here
chiefly with the discovery of the facts about the fluctuations in the catch of salmon
and must leave the consideration of the true causative factors for future treatment.

.The study of the short-time fluctuations has been based on the percentage
. deviation of the yearly catch from the trend or moving average by fives. In this
method, adequately described by Ohaddock (loc. cit.), the percentage deviation for
any year is the algebraic value of the catch minus the trend, divided by the value
o.f the trend. When the catch is greater than the trend, the deviations have a
positive value and a negative value when less than the trend. Such treatment does
two important things to our data-it removes the effect of the long-time, secular
fluctuations, which might accentuate or destroy any correlation that might exist
between two series of data, and it makes it possible to compare more fairly and
more directly the fluctuations at very different levels of abundance, whether in
different streams or in the same stream at different periods. For example, if the
trend in one series of data was at 1,000,000 and in another series of data was at
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10,000,000, a deviation of 100,000 in the first case would be just as significant as a
deviation of 1,000,000 in the second case.

In our analysis of these fluctuations we have not made use of the data collected
previous to 1904. The Bureau of Fisheries began the collection of statistics in that
year and it seemed best to confine this analysis to data obtained by a single agency.
Furthermore, as we pointed out above, the fishery apparently became fully developed
about this time, and it is quite probable that the fluctuations during the period of
rapid growth were largely obscured by great changes in the intensity of fishing.

The use of deviations from a moving average by fives has one disadvantage, in
that two years are lost at each end of the series; thus, our series of data extends from
1904 to 1927, both inclusive, but our trend of moving averages extends only from
1906 to 1925. It would be possible, of course, to use some sort of a straight-line
trend or to extend more or less arbitrarily the trend of moving averages so as to
make use of the extreme values, but we have not thought it advisable to do either.
The stra.ight-line trend certainly does not fit some of the localities, and any extra
polation of the line of moving averages will introduce a personal element, which
we have been anxious to avoid.

Figure 8 shows the deviations from the moving average for each of the four
districts in Bristol Bay, and in Table 3 we present various coefficients of correla
tion (Pearsonian), which we have calculated and which measure the degree of asso
ciation in the fluctuations at 4, 5, and 6 year intervals. We have made some esti
mates of the correlation between fluctuations at 3 and 7 year intervals, also, but
these were invariably without significance, and we have therefore omitted them from
consideration.

TABLE 3.-Coefficients of correlation between catches of red salmon at intervals of 4, 5, and 6 years
for the four districts in Bristol Bay and Karluk River

Interval

Locality

Nushagak _
KvichBk _
Egegik _
UgBBhik _
Karluk _

4 years

+0. 624±0. 103
+.468± .131
+.383± .143
+.466± .132
+.297± .108

5 years

-0. OOO±O. 159
+.786± .067
+. 466± .136
+.716± .085
+.581± .080

6 years

-0. 538±0. 133
-.OOO± .172
+.289± .165
-.200± .164
+.028± .122

Examination of Figure 8 shows that in all of the districts of.Bristol Bay there is
a strong tendency toward a repetition of conditions at intervals of four or five years.
The extent to which the catches are correlated with the catches of 4, 5, and 6 years
earlier or later is shown in Table 3. For purposes of comparison we have added to this
table a similar series of correlation coefficients for the run of red salmon in the Karluk
River. While the exact significance of an association between catches at four or five
year intervals can not be stated definitely, it seems more than probable that it is indica
tive of the prevailing age groups in the run in question. In the case of the Karluk
River we know definitely that a large percentage of the fish are in their fifth year when
they return to spawn. This is reflected in the relatively high coefficient of correlation
between catches at five-year intervals-over seven times its probable error-and
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FIG. S.-Percentage fluctuations from the trends of the catches of red
salmon in the four districts of Bristol Buy

statisticians generally agree that a
coefficient that is three times its
probable error is significant of some
degree of association. It is possi
ble, of course, that some factors
other than a predominance of five
year fish has caused this high cor
relation between catches at five
year intervals, but we have no sug
gestion to make as to what these
factors may be.

In the Nushagak district there
is an undoubtedly significant corre
lation between the size of the
catches at four-year intervals; the
coefficient is over six times its
probable error. It is apparent from
the graph, however, and also from
the work sheets made in the process
of calculating the correlation coeffi
cients, that the correlation between
the catches at four-year intervals
is due mainly to an exceptionally
close association, which has been
maintained in comparatively recent
years since about 1914. Previous
to this time there was much more
of It tendency toward correlation in
catches at five-year intervals, but
the strong tendency toward correla
tion at four years, which has pre
vailed recently, has, in considering
the entire series, entirely out
weighed the earlier condition. The
correlation between catches at five
year intervals in the Nushagak dis
trict is not significant, the coeffi
cient being less than its probable
error and, as would necessarily be
the case with a strong correlation
at the four-year interval, the cor
relation at the six-year interval is
significantly negative. Such a neg
ative coefficient of correlation means
that in general a good catch in a

100621-28--4
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given year will be followed by a poor catch six years later, and vice versa. If, as
we have indicated, there has actually been a change in the Nushagak district from
an association between catches at five-year intervals to an association at four-year
intervals it is most interesting, and certain possible explanations may be sug
gested. Most of the fishing in the entire Bristol Bay region has been carried on by
gill nets, and it is generally supposed that this type of gear has a tendency to select
the larger individuals in a run. With such a selective agency at work it is possible
that a race or several races of predominantly large, five-year fish might be so reduced
in numbers as to disappear almost entirely from the commercial catch. It may have
been that this occurred in the Nushagak district quite suddenly in 1919, when the
run at Nushagak was abnormally low. It is possible, though hardly probable,
that the selection of the larger and older fish by the gill nets has operated to change
the predominant ages of all the races that make up the Nushagak catch from five
to four years. In any event it does not seem likely that this high degree of cor
relation between the catches at four-year intervals is due merely to the operation
of chance fluctuations.

In the case of the other three districts in Bristol Bay the highest correlation occurs
between catches at five-year intervals. In the Kvichak and Ugashik catches there is
also a low but probably significant correlation at four-year intervals but there is no
significant correlation at six-year intervals. In the discussion of the cycles at Nusha
gak we pointed out that a significant correlation between catches at any given interval
of years was strong indication that the prevailing age of the fish was of the same
number of years. If this be true, the data herewith presented would indicate that a
considerable percentage of the Kvichak, Egegik, and Ugashik red salmon are in their
fifth year. We find a similar degree of correlation between catches at five-year in
tervals at Karluk, where the fish are known to be chiefly 5 years old; and the main
tenance for many years of a four-year cycle on the Frazer River, where the fish were
predominantly 4 years old, is well known. We wish to emphasize again the fact that
no correlation of this sort can be expected to be very high, not only on account of
inaccuracies in the data but because of the presence of more than one age group in the
catches, fluctuations in the relation of escapement to catch, possible fluctuations in
the percentage of fish of different ages coming from different broods, fluctuations in
the efficiency of spawning and the rate of mortality at different stages in the life
history, and various other factors.

TABLE 4.-Coefficients OJ correlation (r) between catches of red salmon in the four districts of Bristol Bay

Localities r Localities r

Nushagak aud Kvlchak••••••••••••••••••••••• +0. 305:1:0. 137 Kvlchak and Egegik•••••••••••••••••••••••••• +0. 738:1:0. 069
Nushagak and Egegik••••••••••••••••••••••••• +. 209:1: • 144 Kvlchak and Ugashlk•••_••••••••••••••••••••_ +. 822:1: •049
Nushagak and Ugashik••••••••••••••••_•••••• +. 453:1: • 120 Egegik and Ugashlk.••_••••••••••••••••••••••• +. 720:1: •073

Figure 8 shows clearly that there is a distinct tendency for the catches in the four
districts to vary together, although at times, and especially in certain districts, the
catches vary independently to a considerable degree. The extent of the correlation
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between all possible pairs of districts is presented in Table 4. It is apparent from a
consideration of these values that there is a high degree of association between the
catches in the three districts on the eastern shore of Bristol Bay at Kvichak, Egegik,
and Ugashik, but the correlation between any of these districts and Nushagak is
distinctly lower; in fact, so low that the correlation of Nushagak with Kvichak and
Egegik is without significance. The correlation between Nushagak and Ugashik is
significant of some slight degree of assoeiation but is less than four times its probable
error. On the whole, it appears that the fluctuations at Nushagak are independent
of those on the eastern side of the bay. The correlation between the catches at
Kvichak, Egegik, and Ugashik is so marked, however, as to indicate some causal
relationship, and it seems more than probable that it is due to the catching in the
Egegik and Ugashik districts of fish bound for the Kvichak district. This possibility
was pointed out by Gilbert and O'Malley in their report on the salmon fishery in
central and western Alaska.4 It may also be due, in part at least, to fish being re
ported as taken in one district when actually they were caught in another and were
brought into the district from which reported for canning; or it is possible that there
is enough "straying" from the parent stream to cause the catch in near-by streams to
fluctuate together. This last possibility does not seem likely, however, as one would
suppose tha,t any such straying might affect the correlation between the catches at
Nushagak and the other streams as well as between the other three streams.

We have mentioned above that an increase in the size of the fluctuations may be
an indication that the fishery has been developed to the danger point or that depletion
has oecurred already. This hypothesis has also been advanced by Gilbert and O'Mal
ley (loc. cit.), who, in discussing the situation in the Kvichak region of Bristol Bay,
say: "Other river basins have been watched during the progress of depletion. The
sequence of events is always the same. Decreased production is [accompanied] by
increase of gear. FluctU!\tions in the seasons become more pronoul1eed. Good
seasons still appear in which nearly maximum packs are made. But the poor sensons
become more numerous. When poor seasons appear, no attempt is made to com
pensate by fishing less cloeely. On the contrary, efforts are redollbled to put up the
full pack. The poorer years strike constantly lower levels, until it is apparent to all
that serious depletion has occurred." Figure 8 shows, with great clearness, that the
amplitude of the fluctuati.ons in all districts of Bristol Bay has been increasing with
considerable regularity, thus corroborating the evidence given by the trends of
general depletion throughout Bristol Bay.

Such cyclic fluctuations in the abundance of salmon are extremely interesting
biological phenomena, and a knowledge of them is of great practical importance to
the industry and to an adequate conservation program.. It may not be out of place
here, therefore, to speculate briefly upon some of the characteristics ~f such fluctua
tions. It seems safe to assume that in a state of nature the abundance of any race
of salmon would be constant from year to year, except as modified by environmental
conditions, and that the level of abundance will be at the maximum capacity of the
waters occupied by. the race. If under these conditions unusually favorable circum-

I Speoial Investigation or Salmon Fishery In Centralaud Western Aleska. By C. II. Gilbert lIud Heury O'Malley, In All\Ska
Fisheries and Fur Industries in 1919, by Ward T. Bower. Appendix IX. Report, U. S. Commissioner of Fisherios for 1919 (1921).
Bureau or Fisheries Document No. 891, pp. 143-160. Wnshlngton.
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stances should operate to increase the survival (and therefore the spawning run) in
any year, the effect of such an increased run would not necessarily be felt in future
years, as the area occupied by the race will not, in general, accommodate a population
greater than the normal maximum capacity. On the other hand, if the general level
of abundance be reduced materially by fishing, this level will be below the potential
capacity of the area, and then an increase in abundance in one year can have a very
definite effect upon the future generations and would start a series of years marked
by good runs separated by years of ordinary runs. The interval between the good
years would be determined by the prevailing age at maturity of the race in question
more particularly, perhaps, by the prevailing age of the females. Somewhat similar
results would follow the occurrence of a year in which survival was reduced. Under
natural conditions the abundance of fish resulting from a poor year would be below
the normal capacity of the area, and we may suppose that the race would react by
an increased survival of the progeny of the reduced spawning run, so that the size
of the resultant spawning runs would tend to approach the normal level. It seems
possible that the effect of a very poor year might be felt for one or two generations
while building up to the normal level, in contrast to the effect of an unusually good
year, which, on account of the limitation imposed by the capacity of the occupied
area, could not greatly affect the future runs. Under conditions of exploitation,
however, a poor year will tend to be perpetuated, just as in the case of a good year,
but for a different reason. The perpetuation of a good year is dependent upon what
we may term the elasticity of the race-the tendency to approach the normal level
of abundance; but the perpetuation of a poor year will depend mainly upon the
continuous application of a fishing effort sufficient to keep the spawning escapement
down to a low level. There is no doubt that fishing operations ordinarily operate so
that the spawning escapement in good years is better in proportion than in poor
years, which is just the reverse of what sensible conservation would call for. On the
other hand, it seems probable that the lower the actual level of abundance the
stronger the tendency of the race to resist further lowering and the greater the
tendency to return toward the normal level of abundance. In other words, as the
level of abundance drops there is a tendency toward an increased survival rate.
This is well illustrated by the present situation on the Karluk River. It has been
shown 5 that the present production from the spawning escapements is approximately
300 per cent; -that is, for each spawning fish three adults may be expected to return
in future years. Under natural conditions the production in general is 100 per cent, 
of course. This increased percentage of production is exactly what we would expect
in the case of a depleted run such as that in the Karluk; but however strong this
tendency toward an increased percentage productiveness at the lower levels of
abundance may be, it is impotent in the face of intensive fishing. It may operate to
retard the depletion of the poor years, but without some relief from intensive fishing
it can not rebuild poor years into good ones or even average ones.

The chief contention in the above argument is to the effect that cyclic fluctua
tions are associated especially with the exploitation of a fishery, and that under
natural conditions such fluctuations would not be so conspicuous. However, there

• Investigations Concerning -the Red-Salmon Runs to the Karluk River, Alaska. By Charles H. Gilbert and WllIls H. Rich.
Bulletin, U. S. Bureau or Fisheries, Vol. XLIII, 1927, Part II, pp.1-69, 34 figs. Washington, 1927.
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is the possibility that cyclic fluctuations in the abundance of fish might follow cyclic
changes in environmental conditions, such as those that have been shown to accom
pany the periodicity of sun spots;6 but it does not seem likely that such a factor
could cause such cycles as we observe in the salmon. We 'have also the remarkable
four-year cycles of the Frazer River sockeyes, which existed for an unknown number
of years before the white man came and recorded the phenomenon. In this case,
as is well known, the tremendous runs that cl1me every fourth year consisted of two
races (or groups of races), one spawning in the lakes tributary to the lower course of
the Frazer and the other in the higher lakes above the Frazer River Canyon. The
first race entered the river yearly, but it was only every fourth year that the second
and much more important race entered the river. The latter was a race in which
4-year fish (especially among the females) predominated to a remarkable extent.7

The last "big" year was in 1913, and in that year a slide in the Frazer River Canyon
prevented the ascent of the fish to the upper spawning grounds, the race died out,
and the four-year cycle became virtually obliterated. One call hardly doubt that
originally the runs of salmon in the Fmzer wore" big" every year; that every year
saw the upper spawning grounds as well covered with spawning fish as they were in
the "big" years that we have known. At some more or less remote prehistoric time,
however, a slide probably blocked the river for It period of three years and destroyed
the race that spawned in the upper lakes. In the fourth year the obstruction was
removed and the fish were able to proceed ftS usual to the spawning grounds. On
account of the great predominance of 4-year fish in this race this one year was
perpetuated, perhaps for centuries, until the disaster of 1913. In this case the most
remarkable cycle known developed under natural conditions, quite unaffected by
exploitation, but we have a sufficient understanding of the circumstances so that an
adequate explanation can be given. Under ordinary circumstances it seems probable
that marked cycles occur most commonly under the conditions resulting from
exploitation.

Cycles may become established by the occurrence of various unusual condi
tions, such as an expecially large or small spawning escapement or the effect of
environmental conditions that make for a high or low rate of mortality during the
life of a brood. Such conditions may be expected to occur only occasionally and at
irregular intervals, and the effect will tend to be perpetuated more or less strongly in
future generations by the dominance of certain age groups in the race in question.
If a single age group is dominant the effect may lastindefinitely, but if two or more
age groups occur in fairly large percentages the effect will be spread out gradually
and the cycles will lose their sharpness and become obscured, or they may be de
stroyed entirely or modified by the incidence of another set of unusual conditions,
which in turn may give rise to an entirely different cycle. Overfishing, especially
at critical times, may be an important determinant of such cycles, although undoubt
edly they are frequently caused by natural conditions about which we know very
little at present.

G Climatic Oycles and Tree Growth. By A. E. DouglllSS. Carnegie Institution of Washington, Publication No. 289.
Washington.

I Contributions to the Life History of the Sockeye SllhilOIl. Nos. 1 to 9. By Charles H. Gilbert. Reports of the Commissioner
of Fisheries for British Columbia, 1912 to 1923.



68 BULLETIN OF 'l'HE BUREAU OF FISHERIES

In our Bristol Bay data we can see occasional evidence of sudden, unexplained
fluctuations, which apparently have been reflected in later years. Perhaps the best
example of this is the sudden drop of 1919, which affected all the districts. The
fourth and fifth years before 1919 had been exceptionally good on the Nushagak.
On the Kvichak the fourth preceding year had been below average but the fifth
had been excellent, and we have shown above that the highest correlation between
catches in this district is at five-year intervals. So far as the evidence of previous
catches goes, therefore, there was no reason to anticipate a poor catch in 1919.
Whatever the factors that caused this sudden fluctuation, the effect has been reflected
in a poor catch on the Nushagak in 1923 and again in 1927 and on the Kvichak in
1924. It seems probable that we have witnessed here the operation of just such
factors as we have been discussing, and that for some unknown reason one or more
of the spawning runs that were the parents of the run of 1919 failed to produce the
usual number of adult fish, and that this sudden fluctuation has tended toward the
production of cycles. The situation is extremely complex, of course, and we have
no way of telling how long these fluctuations (which appear to have been fixed by
the poor run of 1919) will persist. They may be distinguishable for several cycles,
or they may have been obliterated already by factors about which we know nothing
and the effect of which we will not see until it becomes apparent in a modified run.

With the data at hand we do not feel that it is possible to make any reliable
. prophecy as to future runs. The probable errors of all our measures are large, and

there is always the chance that unusual circumstances may intervene to upset any esti
mate that may be made. At present we know virtually nothing about these unusual
circumstances in the Bristol Bay region. Apparently they have operated in former
years to modify the runs very materially, and there is no reason to suppose that they
may not operate again and just as unexpectedly as they have in the past. In spite
of all this it seems desirable to review what evidence we have and to point out certain
indications as to the future.

In the Nushagak region we have had a general decline in abundance, as indicated
by the trend. It has been shown also that the short-time fluctuations here are at four
year intervals at present. The run of the coming season (that of 1928) should bear a
general relationship to the run of 1924, therefore, which was one of the poorest in
recent years. The run of 1923 on the Nushagak River was exceedingly poor also, so
that we can expect no marked effect in 1928 due to five-year fish derived from that
year. On the other hand, we have some evidence that in spite of a poor catch the·
spawning escapement of 1924 was better than usual. The report of observers on
the spawning grounds in Wood River states that the escapement to that river was
"the most satisfactory for the last several years." 8 Nothing is known, however,
of the escapement to the other spawning regions in the Nushagak district. Except
for this meager evidence of a good spawning escapement, then, all indications point
toward an unfavorable year at Nushagak, possibly as bad ·:as 1927. Knowing the
present depleted condition of this district, it would seem to be the part of wisdom
to reduce the intensity of fishing as far as possible. Even if a fairly good run should
develop, it does not seem at all likely that it will approach the magnitude of the runs

! Alaska Fishery and Fur·Beal Industries in IU24. By Ward T. Bower. Appendix IV, Report, U. S. Commissioner 01
Fisheries (or 1925 (l\l26), p. QQ. Washington.
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previous to 1919, and a distinctly larger spawning escapement certainly is called for
if further depletion of this region is to be prevented.

• On the eastern side of Bristol Bay the situation does not appear to be so serious.
It seems useless to try to give separate consideration to the Kvichak, Egegik, and
Ugashik districts on account of the high degree of correlation, which we have shown
exists between the catches in these three localities. If the correlation in catches at
five-year intervals holds for 1928, we would expect the run of the coming season to be
correlated largely with that of 1923, which was a very good year in the Kvichak
district and about average in both Egegik and Ugashik. The year 1922, from the
runs of which the 6-year fish of 1928 will come, was also an excellent year, but 1924
was relatively poor. So far as this evidence goes, then, it would appear that the com
ing season on the eastern shore of Bristol Bay ought to ·be good. The trend of the
catches here has been slightly downward, but it would not appear from this that a
serious deficiency would occur in 1928. The escapment t,o the Kvichak in 1923, as
indicated by observations on the spawning grounds, was exceptionally poor, however,
in spite of the good commercial catches.9 The escapement of 1922 was excellent, and
if we had discovered a correlation between catches at six-year intervals it would
seem a favorable indication. As it stands, the evidence for the Kvichak is conflict
ing, although on the whole it would appear to indicate a somewhat less favorable
year than 1927.10

In this general connection there is one other matter that seems worthy of mention,
and that is the remarkable association between climatic conditions and catches in
1926 and 1927. The wintel' of 1925-1926 was one of the warmest on record in Alaska,
as was also the summer of 1926. The winter of 1926-1927, on the contrary, was
exceptionally cold, and the summer of 1927 proved correspondingly cold and rainy.
It seems not beyond the bounds of possibility that there was some causal connection
between these conditions and the exceptionally heavy run of 1926 and the excep
tionally light run of 1927. We know nothing of the factors, other than age and size,
that affect the sexual maturing of salmon, and it may be that temperature or condi
tions associated with temperature during the winter months may affect materially
the percentage of fish of a given age group that matures in a given year. A high tem
perature may result in the maturing of a larger than normal percentage of the fish in
the ocean, while a low temperature may retard maturation. On some such basis as
this we might explain the large run of 1926 as due in part to the maturing of a large
number of fish that under normal conditions would not have matured for another
year; and the poor run of 1927 as due in part to the reduction of the stock by the
unusual maturing of fish in 1926 and in part to the retardation of maturation in a
large number of fish that normally would have matured in 1927. If this were so, we
lllightexpect a rather better run than otherwise in 1928, due to the maturing of fish
retarded in 1927. This seems to be a rather remote possibility,it being more likely
that the fluctuations in salmon catch and weather conditions in 1926 and 1927 were

• Alaska Fishery and Fur-Seal Industries In 1923. By Ward T. Bower. Appendix III, Report, U. S. Commissioner of
Flsherleslfor 1924 (1925Mpp. 8O:and 81. Washington.

10 Since this report went to press, the 1928 salmon runs In Bristol Bay have proved to be of considerably grenter proportions thl\I1
our (Illta Indlcllted. We hllve discussed IIbove some of the possible CIIUSes thllt mllY npset IIny prophecy based on such data. With
Such IlIrgeprobable errors as we have to deal with, oIose estimates of the size of salmon runs are Impossible, but It is our belief that
carefUlly considared estimates of this kind will. In the longrun. be justilled.-W. H. R., July 17, 1928.
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merely chance coincidences. Certainly such considerations could not be made the
basis for any prophecy, but they have seemed worthy of recording.

OTHER SPECIES

For several reasons we have not thought it desirable at this time to attempt a
detailed analysis of the data pertaining to the catches of pinks, chums, cohos, and
king salmon in Bristol Bay. These species are all of minor importance in this region,
and we have some reason to suppose that the records are less reliable. We will
confine ourselves, therefore, to the brief mention of a few interesting points that
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FIG. g.-Catch of pinks, cohos, chums, and kings at Nusbagak

have developed from the limited study we have made.. The data for the Nushagak
district are presented graphically in Figure 9 and for Kvichak in Figure 10. The
catches oiall these species at Egegik and Ugaskik and the catch of cohos at Kvichak
have been so small and irregular that the data do not lend themselves to analysis,
and therefore they have not been included,

Our procedure in the analysis of the catch of pink salmon has been affected by
the fact that, to the best of our knowledge, these are always 2"year fish; that is to
say, they always return to spawn at the end of their second year. On this account
the fish running in the odd years are quite independent of those running in the even
years, and vice versa. The two-year cycle in the pink salmon is so well known that
this subject need not be enlarged upon here. We have calculated separate trends
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for the series of odd and even years, therefore, and have shown these two distinct
trends on the graphs. These trends represent a moving average of three years in
stead of five, as used in the case of the red salmon, as the use of a five-year average
would have shortened our trend unduly.

In general, throughout western and central Alaska the pink salmon run much
more heavily in the even years than in the odd. This is shown clearly in the graphs
for both Nushagak and Kvichak by the conspicuous "peaks" that occur, with very
few exceptions, in the even years. The size of the catches, especially in the even
years, varies tremendously, as is exemplified particularly well by the catch of over
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FIG. IO.-Catch or pInks, chums, and kIngs at Kvlchak

950,000 pinks at Kvichak in 1920-approximately three times the next largest catch.
The catch of pink salmon in Bristol Bay has been largely affected by the regulations
that have been in effect since 1922. These regulations have closed the fishing season
on July 25, and as the pink-salmon run occurs mainly after this date the catch of
this species has been reduced materially.

The trends of the catches of pink salmon in the odd and even years show some
interesting variations, both at Nushagak and Kvichak. In both localities the trend
for the odd years is distinctly below that for the even years, as would be expected.
The odd year trend at Nushagak rises gradually to a peak in 1905, then declines
gradually to an abrupt termination in 1913. After that date no pink salmon have



72 BULLETIN OF THE BUREAU OF FISHERIES

been reported from this district in the odd years. Whether this is due to the com
plete failure of the run or whether there is some economic explanation we ha.ve no
way of knowing. Inquiries have been made of some of the companies operating at
Nushagak, but they have been unable to offer any acceptable explanation of the
phenomenon. The trend of the even-year catches at Nushagak rose rapidly to the
level of 800,000 in 1904, where it remained remarkably constant for over a decade.
In this case, however, the level of the trend is determined very largely by the two
exceptionally large catches of 1906 and 1912, and the method of determining the
trend has so spread these large catches that the constancy of the level is especially
marked. The catch during the even years from 1914 to 1920 remained fairly con
stant and at a level above that of the preceding years, with the exception of 1906
and 1912. The trend for these years (1914 to 1920) is somewhat lower, however,
but this is due to the influence of the two exceptional catches. Since 1920 the even
year catches have been poor, but those for 1924, to 1926 were influenced by the
regulations, as mentioned above, and that for 1922 possibly was influenced by the
economic factors that operated to reduce the pack of 1921 throughout Alaska. It
does not appear from these data that the pink-salmon run of the even years has been
depleted. In this connection it should be noted that if the parent-stream theory
holds as rigidly in the case of the pink salmon as in the case of the reds, the pinks
would be expected to show the effects of over fishing very promptly.

The catch of pink salmon at Kvichak is much smaller than at Nushagak but
shows similar extreme fluctuations and the same two-year cycle with good catches in
the even years and poor catches in the odd. In only two of the odd years were any
significant catches of pink salmon recorded-I915 and 1917. The general trend of
the catches in the even years was approximately level until 1918; then came the
remarkable catch of 1920, and since then the catch has been insignificant; but the
catch of the years since 1922, as at Nushagak, has been affected by the regulations,
and it seems possible that the catch of 1922 was reduced by economic causes. So
here, again, we have no evidence of depletion in the pink-salmon run.'

We have not calculated the trends for the other three species, believing that the
graphs are sufficiently clear. The catch of cohos at Nushagak shows a gradual
increase up to about 1916. Subsequently a somewhat lower level was maintained
until 1922, since which year the catch has been lower than at any time since 1901.
The cohos as well as the pinks run late in the season, and there is no doubt that the
closing of the season on July 25 has been responsible for the reduced catch of cohos
in the years following 1922. It is possible that some depletion is shown by the re
duced catches in the years 1917 to 1922, inclusive, but this is by no means certain.

In the case of the king salmon there appears to have been a slight reduction in
the catch at Nushagak since 1916, but the catch at Kvichak does not seem to have
been affected similarly. The catch of kings has not been affected so much by the
regulations; however, as provision is made for the use of king-salmon nets not less
than 8712 inches stretched mesh previous to June 25, when the season begins in which
red salmon may be taken.

The catch of chum salmon at N ushagak reached a maximum in the years from
1914 to 1918 and since then has maintained a decidedly lower level. On the Kvichak
side no general change has occurred. The effect of the regulations is apparent again
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in the Nushagak catch of chums by the very much reduced catches since 1922. It
seems doubtful that any serious depletion is indicated by these data.

One very striking phenomenon for which we have no adequate explanation is
apparent from the graphs. This is the distinct correlation between the catches of
pink salmon and those of cohos and chums. This is especially well marked on the
Nushagak side, where all these species show a distinct two-year cycle, the catches
being higher in general in the even years than in the odd. This is what we expect of
the pinks, of course, but there seems to be no reason why the cohos and chums should
follow the same fluctuations. It seems probable that there is some association
between the intensity of fishing for pinks and that for the other two species, but we
have not been able to assure ourselves that this is the case. We are unable to sug
gest any reasonable biological explanation, and it seems more probable that the
phenomenon is due to the operation of some economic factor at present unknown.

ALASKA PENINSULA

PORT HEIDEN

The salmon fishery at Port Heiden is of minor importance but is quite isolated
from other districts, either north or south. A small commercial saltery has been
maintained here at various times, and reports of operations are at hand for four
years. Some fishing undoubtedly has been carried on here in other years but appar
ently mainly for local use, as no records have been submitted to the bureau. Cobb
states 11 that a saltery was opel'l1ted here in 1918, but of this we hlwe no record. The
available data are given in Ttlble 5 but are obviously too few to permit of any
analysis.

TABLE 5.-Salmon caught and fishing appliances used at Port Heiden, 1912 to 1917

Pile trapsGil! netsPurse seinesBeach seinesRedYear Coho I Klng~

"1--- ----I-Ni-U-m-be-r-:--F-ath-O-m-s! Number Fathoms Number Fathoms Number
1912..................... 11,0291 20 7,280 .........• •.....••.. 1 175 2 200 1
1913..................... 18,720 •••...•..• 19,410 .......•.. .•...•.•.. 1 75 8 400 1
1914....•....•.•.•••.•..•..•..••.•.,.......... 10,450 .•...•.... ...•...•.• 1 75 ••....••.•••.•.••.•.•..••••.••
1917..................... 6,800 I lOB 13,140 2 150 .•.••..••• .••....•.• 9 450 """""

NOTE.-No catches reported In 1915 and 11116.

PORT MOLLER

The data for Port Moller are presented in Table 6, and graphically in Figure 11.
It is well known that the red-salmon run in this district is seriously depleted, and this
is distinctly shown by the trend (five-year moving average), which has been con
stantly downward since 1916. It is true there have been material reductions in the
amount of gear used and the weekly closed season was extended (in 1924) from 36
to 84 hours; but this can not entirely account for the reduction in catch, although
the low level maintained since 1921 probably is due in part to the regulations. The
fishery at Port Moller Was discussed in 1920 by Gilbert and O'Malley (loc. cit.),
who concluded that the run already was showing depletion at that time. The fish

\I Pacific Salmon Fisheries. Third edition. By John N. Cobb. Appendix I, Report, U. S. Commissioner of Fisheries for
1921 (1922). Bureau of Fisheries Document No. 902, 268 pp., 48 figs. Washington, 1921.
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FIG. n.-Catch of salmon at Port Moller
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taken in the Port Moller fishery are produced mainly in two small rivers-the Bear
and the Sandy, a few miles east of Port Moller proper. Gilbert and O'Malley gave
cogent reasons for believing this to be the case, in spite of the opinion held by some
that the Port Moller fishery drew upon the Bristol Bay runs to a greater or less
extent. It was believed by some of the men in the industry that in certain years,
if not in all, the salmon bound for Bristol Bay approached the coast in the region
of Port Moller and thus were taken in the fishery at that point. The tagging experi
ments carried out in 1922 and 1925 12 proved conclusively that this was not true,

and that the red salmon
taken in this region did
not belong in any appre
ciable measure to the
Bristol Bay runs. Addi
tional evidence of the
independence of the Port
Moller runs is given by
a comparison of the data

4 presented in rrable 6
with those for Bristol
Bay. It is obvious from
such a comparison that
there is no significant
correlation between the
fluctuations in the
ca tches in the two
regions, as would be ex
pected if they drew to
any great extent upon
the same body of fish.
These additional lines of
evidence, therefore, sup
port the conclusion of
Gilbert and O'Malley
that the red-salmon
fishery at Port Moller
is dependent primarily
upon the runs supported

by the Bear and Sandy Rivers, and we can have no doubt that. these are very
seriously depleted. The very limited supply has been greatly overexploited, and
it seems probable that the process of depletion is continuing even with the reduced
intensity of fishing that now prevails. Even under present conditions the intensity
of fishing is high, as is shown by the fact that, in the tagging experiments of 1925,
47.5 per cent of the tagged fish were recovered.

Ii Experiments in Tagging Adult Red Salmon, Alaska Peninsula Fisheries Reservation, summer of 1922. By Charles II.
Gilbert. Bulletin, U. S. Bureau of Fisheries, Vol. XXXIX, 1923-24 (1924), pp. 39-50, Washington, 1923. Salmon-'ragglng
Experiments in Alaska, 1924 and 1925. By Willis H. Rich. Bulletin, U. S. Bureau of Fisheries, Vol. XLII, 1926 (1927), pp.
109-146, Washington, 1926.
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TABLE 5.-Salmon caught and fishing appliances used in the Port Moller district, 1.912 to INJ7

2
2
2
2
2

4
3
2
3
3

2
7
5

6
6
6
6

30

34
22
13
16
12

i11 2,675 1 . __

10 ~,375 •• _ . .. _.

10 I 2,500 .'-'---'--'-'-"-

18 ~: i~ :::::::t::::::::
I

Num
ber

n

Num- Falh-
ber oms

953,015 11 745
221,738 • • _
971,090 .. __ . ._

1,314,069 .• _. .
357,751 . _

523,933 ••• ._
562,006 . . ._. __
247,934 • .•
567,100 • ._1
172,934 ._ • ._[

101,606
571,713

1,012,713
1,349,030
1,532,942

436,450

21, 542 5,043
41,509 7, 751
49,373 8,598
68,931 20,986
81,781 14,109

------'---------_._-------~-----------------------._---------_._-------------- -------

1923_._. .•• __ 61
1924.•• _. •..•• _
1925_ . • •. __ .• _
1926 • _
1927. •. __ •

1912 _
1913 .__ 17 1,964 258
1914_ ._._._•.• • ._. .____ 4,655
1915_ 50,701 ._ 6,361
1916 . 175,620 2,567 35,859
1917_______________ 82,604 560 11,164

1918_. .___ 243,231 1,211 3,172
1919._.. . •• _ 138,905 12,041 11,578
1920 • ._.___ 29,285 12,806
1921. • __ ._. ._._____ 11,444 8,452
1922__ .____________ 34,906 4,891

I
~

___Y_cs_r__t_C_O_hO_. Chum Pink _ King ROd__ I__B_eR_C,h_se_in_o_s_I __pu_r_s_e_,.s_oi_nOS__I__G_ll-;-1n_o_ts__ t__tr_RP.s..

1

l~alh- Num- i Fath- Num-om:
40

ber I oms ber
1,440 ------4-i·----000- --.--.--

960 4 I 600

~:~ ~I :~g
8,120 6 : 375

9,150 3 i 225

~: ~gg 2~ i I, igg
~: ~~ -----_:-!-----~~~.

NOTE.-Aooording to Cobb (100. cIt.), a saltery was operated on the Dear RIver in the years 1902 to 1906, but we have no record
of the catch or pack during those years.

The fluctuations in the catch of red sltlmon nre somewhn.t peculin.r in that the
"peaks" and the "valleys" come at two and three year intervltls. Without much
doubt this is to be explained by the predominl\nce of 5-year fish in the runs and the
existence of two maxima and two minima in each cycle of five years. Thus, referring
to Figure 11, the peak coming in 1916 probably is associated with the peak of 1921,
and that again with the peak of 1926, while the peak of 1918 is associated with those
of 1923 and 1924. On account of the few data available for study, we have not
thought it worth while to calculate the correlation of catches at different intervals
(as was done for Bristol Bay), but the fluctuations are sufficiently well marked to
warrant such a tentative interpretation.

The catch of king salmon has fluctuated considerably, up to a maximum of
over 35,000 fish. There was a slight reduction in the average annual catch during
the interval from 1921 to 1925, inclusive, but the catches of 1926 and 1927 were
among the best on record, being exceeded only by the (latch of 1916. There seems
to be no evidence here of depletion nor of any reduction in the catch due to the
regulations.

. The catch of chums dropped suddenly in 1920 from an average of over 100,000
to the relatively low level of less than 30,000. The catch has been increasing grad
ually since that time and by 1927 was over 80,000. The sudden drop may have
been due to depletion, but it seems more likely that it was due to economic causes,
inasmuch as the catch has increased during the past seven years in spite of the
reduced intensity of fishing brought about by the decrease in gear and the extension
of the weeldy closed season.
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NELSON LAGOON

Salmon fishing in Nelson Lagoon always has been a closely restricted one con
ducted almost entirely with traps and drawing solely upon the run of fish entering
Nelson River to spawn. The catch of species other than red salmon never has been of
great importance, but the catch of reds has been remarkably large considering the
size of the stream. The data are presented in Table 7 and Figure 12.

The catch of red salmon shows a fairly steady rise from the early years of 'the
fishery to a maximum in 1915 and 1916. The catch for the next three years was
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relatively poor, but it rose again in 1920 and 1921. Since that time the catch has
dropped off consistently, that of 1927 being the poorest on record. These records of
the total catch show quite clearly the usual story of excessive exploitation, accompa
nied by large catches and followed by wide fluctuationg and an ultimate decrease
due to depletion. In this case depletion appears to have been more rapid and more
severe than in Bristol Bay, and in this respect the situation resembles "that at Port
Moller. A five-year cycle is indicated clearly by the peaks in 1915 and 1916 and
1920 and 1921, and the fact that no maximum appeared in 1925 and 1926 is further
indication of the serious extent of the depletion. We have mentioned above the
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disadvantages of using the total catch as a measure of abundance and have suggested
that some measure of the yield per unit of gear or per unit of fishing effort would be
more satisfactory. Such measures of abundance have been used with marked
success in various recent fishery investigations, notably those conducted by W. F.
Thompson and his associates for the Oalifornia Fish and Game Oommission and the
International Fisheries Oommission.

TABLE 7.-Salmon caught and fishing appliances used in Nelson Lagoon, 1906 to 1927

Year Coho Chum Pink King ned Gill nets Pile traps

342 297,693 _
3,435 301,918 _
7,592 025,240 _
8, 385 441, 776 2 120
8,734 230,002 2 120

4,035 207,735 _
2,742 139,706 2 140
1,952 152, 300 _

~: ~~~ Ig~: ~~g ~_I------::~-

1006_ _____ ______________ __________ ______ ______ __________ __________ _______ ___ 1,530
1007__________________________________________ 3,150 1,500 1,725
1908__________________________________________ 000
1901l__________________________________________ 1,000 15 1,500
1911. _
1912__________________________________________ 2,448 ll20

1913 _
1914. - __ - - _
1915_______ _____ ____________________ ___ _______ __________ 4,088

m~:::::::::::::::::::::::::::::::::::::::::: :::::::::: 1~: ~~~

Number
1
1
1
1
1
2

3
3
4
6
5

5
3
3
3
3

3
3
2
2
1

120255,530
Hl7,438
400,84ll
432,3ll6
310,139

Number Fathoms
135,000 2 _
66,500 _

HlO,870 _
143,000 _
129,600 _
143,860 _

fir 507
8,054
6,195
4,022
5,540

9,056
4,55ll
7,66ll

21,306
8,000

4,213
6,880 _
4,501 _
2,602 , _
5,182 _

1918 - - __ - - - - -_
1919 _
1920 - - - - __ - - - - - -_
1921 _
1922 _

1923 - - - - __ - -- - - -_
1924 _
1925 . - - - - _- - - - - _- - - - -- - - - - - -- - --
1926 - - __ - -- -_
1927 ._. __ ._ ____ ____ 104

NOTE.-No catch reported in 1010. Cobb (Ioc. eit.) states that a sllltery WllS operated lllso in 1902llnd 1003 but of this we have
no record. '

As fishing in Nelson Lagoon has been conducted so largely with traps, it has been
possible to analyze the data, and while the results are not entirely satisfactory they
have proved suggestive enough to warrant inclusion in this report.

It is apparent from Figure 12 that the rise in the catch, which culminated in
1915 and 1916, was accompanied by an increase in gear from one to six traps, and
similarly the later reduction in the catch accompanied a decrease in gear. Further
more, the intensity of fishing has .been affected by the increase in the weekly closed
period, which has been in effectfrom 1924 to 1927, inclusive. This has reduced the
weekly open period from 132 to 84 hours. In other words, the present time available
for fishing is only seven-elevenths (63.6 percent) of the time available previous to
1924. It is pertinent to inquire how much of the reduction in the total catch is due
to the decreased intensity of fishing and how much to depletion.

In order to answer this question, it is essential to have some measure of the
fishing effort maintained from year to year, and this is by no means simple, as there
are various complicating factors. In the first place, we have to consider the fact
that the multiplication of gear, beyond a certain point at least, will, even with a
constant supply of fish, tend to reduce the catch per unit of gear solely as a result of
what may be called competition between the units of gear. Thus, in the case of
Nelson Lagoon an increase in the number of traps in all probability would tend to
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reduce the catch per trap simply because of the competition between traps. Sup
posing that a single trap were operated and caught 25 per cent of the ,run, then if
another trap were placed in an equally advantageous position, but beyond the first
trap, so that the only fish to reach the second trap would have to pass the first trap,
we would expect the second trap to catch less than the first. If the second trap
were equal in efficiency to the first, it would catch 25 per cent of the fish that passed
the first one-that is, 25 per cent of 75 per cent, or approximately 19 per cent of
the run. In the same manner a third trap, equally efficient but located beyond the
second, would catch only 25 per cent of the fish that evaded the second trap, or 14
per cent of the run. Undoubtedly there is some such competition between units of
gear, and undoubtedly this will tend to reduce the catch per unit as the number of
units is increased, regardless of any depletion due to overfishing. The situation is
complicated further by the fact that the fish do not always pass directly through a
given fishing area but move back and forth, often on the tides, and thus repeatedly
run the gantlet of the fishing gear. In this way the effect of the competition between
gear is reduced and under certain circumstances might be entirely nullified, so that
any change in the amount of gear would cause a corresponding change in the size of
the catch.

In the second place, it is quite possible that a given fishing efl'ort will take a dif
ferent percentage of a small run than of a large l'lm. To make use again of the
example given above it is possible that while a single trap would take 25 per cent of
an average run it might take only 20 per cent of a large run but would take 30 per
cent of a small run, or vice versa. So far as we know, there is no evidence that
such is the case, but it is a possibility that should be kept in mind.

Again, it is very probable that a present-day trap is, in effect, entirely different
from those used in 1906; that the two are by no means comparable units. The
one trap fished in 1927 or the two fished in 1925 and 1926 were planned and driven
in the light of all the experience gained in nearly two decades of fishing in these
waters and undoubtedly were driven in the localities and in the manner which have
proved most effective. Certainly, as the number of traps has been reduced since
1916 it was the less productive ones that were eliminated.

A fourth complicating factor is the reduction in the intensity of fishing due to
the increase in the weekly closed period from 36 to 84 hours, which has been effective
for the past four years. This undoubtedly has tended to reduce the annual catch
per trap, and it may be assumed that the reduction in catch has been approximately
in proportion to the reduction in the time during which fishing is permitted. Such
an effect necessarily must be taken into account in any analysis of catch per unit
of gear and an adjustment made therefor.

In spite of the difficulties in the way of getting an accurate measure of the catch
per unit of effort, we have felt that it was worth while to make the attempt in the
case of the Nelson Lagoon data, inasmuch as the conditions here for the analysis of
the trap catches are about as ideal as they are likely to be .anywhere in Alaska. The
available data do not show the actual number of days or weeks fished per season,
so that we could not calculate the number of fish caught per trap per day or per trap
per week.
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The best measure of the catch per unit of fishing effort that we have been able
to devise is the catch per trap per days of fishing per week; that is to say, we have
taken as our unit of fishing effort one trap fishing one day per week throughout the
season, and to secure the catch per unit of effort have divided the total catch for
the season by the product of the number of traps and the number of days of fishing
per week. This makes the necessary adjustment for the effect of the decline in the
number of days per week during which fishing. is permitted but does not take into
account any changes that may have occurred in the effectiveness of traps.

Figure 13 shows the changes this measure of the catch per unit of effort has
undergone. Although there have been wide fluctuations the general trend has been
downward, and there can be no doubt that the actual abundance of fish has decreased
in much the same proportion. The present yield approximates two-thirds tha.t
obtained in the early years of this fishery. It will be noted that the greater number
of traps employed between 1914 and 1919 is reflected in the smaller yield per unit of

(;

I

5

'\I ,
b,

\'" .,'
'" I1-

i~
, \, I , I ,

\ I ,
\

, ,..... ~ ,
j -+- , 1\, \ ,-
~ \ "'-L\ , \ I . N. \. ....

'I V ''-./ ' ' __J
\ I
'. I ~,,,.,,--

I I I I I I I I I I I I I

25

30

o \Q~coO>~ .... CIII')~1t)1O "-CO Ol ~""l.\IlI)~l<)(j) l'- 0
~.... ~

~ ~ ....
FIG. l3.-Catch of rod salmon at Nelson Lagoon per unit of fishing effort. (See text for explanation)

fishing effort, an effect that may be ascribed (in part, at least) to competition between
the units of gear. The decreased abundance indicated by the yield per unit of effort
does not appear to be so marked as that indicated by the decline in total yield,
although the two are of the same order of magnitude. Furthermore there is a general
impression current that the fishery is even more seriously depleted than is indicated
by either of these measures of abundance. It appears fairly clear that neither the
total eatch nor the catch on the basis of the unit of effort is entirely satisfactory as
a measure of the actual abundance. However, both indicate serious depletion, and
the future will show whether the present greatly reduced fishing effort will permit
the recovery of the run into Nelson River to something like its original proportions.

ALEUTIAN ISLANDS

Table 8 presents the data on the salmon catch made in the numerous localities
of the Aleutian Islands from which reports have been received. The data are so
scattered that it is useless to try to determine whether the changes in catches have
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been due to depletion, natural fluctuations, or shifts in the fishery. They are
presented without any attempt at analysis.

TABLE 8.-Salmon caught and fishing appliances used in the Aleutian Islands District, 1911 to 1927

75 .•• ._. __
1,050 ._. •
2,030 . _

495 1 75
300 1 75160 _
50 • _

500 _
340 ••• _
300 _
375 __ • _

2
6

17
13
7
4
1
4
4
3
3

9,252
76,494
70,434
55,244
3,900

10,050
14,000
24,876
18,634
1,335

17,259

.... Co.. '":~_ __ ----f~~= __O"= __P:-J_~IO:_ :00 _~.:.:; ~~;_..__:v·;~t;.o ..
:::r[~ri~~~b:i;::i~i;========:J .~~_ ------~~- :::::::~~t=======: ::::: :~~: ========== ========== ==========1==========Kalekta Bay: :
Kast~~i~ii~:::::::::::::::::::::I----'-:~- :::::::::: :::::::::: :::::::::: ~~~ :::::::::r:::::::: :::::::::: ::::::::::

MJj"~B~,i~~~---j~~-:-----:-jl~:~~~~~: :---~~--~: ~~:~~m: ~:~~~:~~.~ ---'~~- -::::~~~-- -~---:-:-- -~~~-:~::- ~j:~:-~:::

!1=.:m--m~--_~-:~m~:~:jl:}:S: ::::::i~:L-:~~ m~~~-~-! 1m j~j~mm ~:mm~~ m~~m~~(:~~m
N"~'~?::~~::~:~~~~~;:~~~~~ ;;;;;;;~t;;::~; ::::~l: ~~~::~~~;:I ;;,~ _~~:-:~~~ :_~~--_~~~ ~~;~~~~J-~~~~~-::-
Swanson Lagoon: I

1924__ --- --- _--- _--- ------- -- ---- __ --- '1 __ - ------- -- ---- - - - - 8 19, 200 -- -- - - - - - - - --- - --- - - - --- - - - -. - - - - - - - - ---1925 .__ __ __ _ __ 9, 136 __ ___ _____ __ __ 2, 501 • _

unam~~;~a;~~;;;;;;;;;;;;;;;;;;;; ~~~~~,~~~: ::::~~~~~: ~;; ~i ;;;;;;;;;; ----~-:::- ;;;;;;;;;; ;;;;;;;;;; ;;;;;;;;;; ;;;;;;;;;;
~~~~~~~il:~~;==:::====:=::=::::: _. __~,_~_l::::====:: ::::~:~~\::::::::: ::::::~~i: :::::::::: :::::::::: :::=::::=: ::::::=:::

1916._.________________________ 1,025 129 1,679' 43 58,915 • _
1917 • .___ 675 22,636 293 27,125 ••---.- ••_._. _

mL::::::::::::::::::::::::: :::::::::: :::::::::: :::::::::: :::::::::: Ig;~ :::::::::: :::::::::: :::::::::: _Winslow Bay:lOlL • ._ 9,252 ---------- • • _
1917 ---------- --------.-' 1,934 • • _
1925 • . ._________ 420 ._. __

Total:

-I~!!i!!~i~~ii~!i~~!i!~i~!!!!! ;;;I~;li;;~!;~i .;~~f;!!!!~·ji
1926 1 7,797 521, 724 1----------
1927___ 20 _.________ 334,575 _

-------NOTE.-No catches were reported in years not shown above.
IKATAN DISTRICT

This district includes the waters of Ikatan Bay, False Pass, and eastward as
far as but not including the Shumagin Islands. There are a number of independent
fisheries in this district that draw upon more or less local runs of salmon, and we
have kept these separate so far as practicable. The following localities are not
named on the map:

Arch Point, western shore of Pavlof Bay, north of Volcano Bay.
King Cove, mainland shore between Belkofski and Cold Bays.
Nicholaski Spit, western shore of Pavlof Bay, south of Volcano Bay.
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Thin Point, western entrance to Cold Bay.
Volcano Bay, indentation on the western shore of Pavlof Bay just north of

Belkofski Bay. Also known locally as Bear Bay.
Various regulations have been promulgated from time to time under the

authority provided for the administration of the Alaska Peninsula Fisheries Reserva
tion in 1922 and 1923 and that of the act of June 6, 1924. As the interpretation
of our data for these years will depend to sOlp.e extent upon the probable effect of
the restrictions imposed, we shall review the regulations briefly.

The restrictions were intended to prevent undue expansion of the industry
during the life of the reservation, and they had no material effect upon the then
established intensity of fishing. Beginning with the season of 1924, however, effec
tive restriction of the fishing intensity began. The regulations that presumably
had the greatest effect upon the catch of salmon may be summarized as follows:

1. The weekly closed period was extended from 36 to 60 hours. In 1925 and
subsequent years this order was modified and made effective only up to July 25,
after which date the weekly closed period remained as before, 36 hours.

2. On August 20, 1927, the fishing season was closed for the remainder of the
year.

3. The use of purse seines was prohibited in 1925 and subsequent years.
4. Beginning with 1926 all traps were prohibited in False Pass, and it was re

quired that traps be spaced at least 1 mile apart in all waters.
5. In 1924 Thin Point Lagoon and the waters within 500 yards of the entrance

were closed to fishing.
6. The east side of Morzhovoi Bay and all of Cold Bay were closed in 1925

and 1926, but in 1927 were opened to fishing after July 25.
The data for the various localities in the Ikatan district are given in Table 9,

TABLE g.-Salmon caught and fishing appliances used in the Ikatan district, 1908 to 1927

18,998 """"8,413168

___ Year__..__ 1 Coho ._C_llU_ill_I__p_in_k_I_K_i._n
g

R_ed__B_eaCh sein:.._p_nr'-cse_s._ei_ne_s__ I_G_i_ll-,.-n_et_s_I_t~_~~_es
Num· Fath' Num· Fath· Num· Fath· Num·

ber oms ber oms ber oms ber
815 """ ..••••••••••..•...•••. """ ••••••Arch Point: 1927••.••.••

Belkofskl Bay:
1911................. 800 8,231 """""" ._•.•.......••••.... """ ••........•.••.•....•_""" .••...•.••••
1912..••..••.•••...•• """'" 1,112 .•••••..••.• """" ••.••••.•.••.•.•••••••..•...•••. """" """ •••..•••.•••

mt~~~=:====:=============: ?Ng? l~gg~ :::::::: :::::::::::: :::::: :::::::: =:=::: :::::::: :::::: :::::: ::::::

mL:=~==:=::::::== ~~. ~?:~g8 ~~~~. :::::::: :::::::=~~~: :::::: :::::::: :::::: :::::::: :::::: :::::: ::::::
m~=~=~====:======:= ''''--37' 11,392 3,525 •••••••• 19 ...••..••••••• """ ••••..•••••••• """ ••••••
1924................. 188 88,130 206,583 ...••... 2,533 •••... """'" 1
1925............ .•.•• 4, 293 124,881 34,503 6 ~,' ~~~ =' '.' '.:.:.=.=.'.' =.:. =.:.=.=.=.=. =..::. :.:.:. :. :.'..:..::. 11926.......•_........ 3,545 102,619 267,471 ••...•.. 1
1927................. 1,554 104,313 97,529 """"1 24 •••••• """" """ •••••• , ••.•••. """ 1

CoI19~1::~.............. 3,500 ....••••.••. """""" •..•••••!
1912•••.•.••..•••..• _ 2,200 5,976 3,856 ••.•..•. ,
1914.. ••... _•.....•......•..._ 15,710 1,187 •.•. _._.1
1915................. 336 38,690 20,852 ••.. - ••. !
1916.....•..•.._..... 4,042 10,138 2,187 ..•••.•.
1917.•.••...••.•••••_ 116 8,557 883 .•.••.••
1918•. _.............. •....•... 24,483 7,874 ..••....
1919................. 302 8,444 145 ..••.•.•
1920.•••..•.••... _... 120 2,178 22,621 ..•.••_.
1922.••••..••....••__ ••..•..•. 4,065 194 ..•.••••
1923................. 19 785 72 """'_1
1924_.._._ •..••._••••••_...... 29,412 14,708 •• , •.•..
1927................. 1,562 24,562 9,675 •••• , •..
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TABLE 9.-Salmon caught and fishing appliances used in the Ikatan district, 1908 to 1927-Continued

4
3
2
4
2

14
13
14
1
5
5
4
4
4
3
3

4,425

40,067
23,592
46,004
30,677
22,626

57,693
101,036
141,648
182,232
141,773

340,153
651,603
216,114
122,588

167,913
47,420

875,012
255,017

82,341
47,745

400,302
24,490

43,356
17,214

137,628
20,955

413
61

42
233
101

120
101
27

-----.-- -----;~:~~- :::::: :::::::: :::::: :::::::: :::::: :::::: :::::~
56 9,929 • __.. • .. 2
14 4,484 • .__ 2

10 3,000 • .... _ • .. 1
1,074 2
3,876 • • ._ .... __ • • 2

315 • ••• .. ._.___ 2
43,558 __ .._••• .. " __ ,,, .. __ 2

356 _.____ 6

1,988
6,130
5,li6S

----i05;i43- ----42i-
45,014 2,880

82, 122 3,347
26, 702 2, 377

479,246 4,547
10, 494 I, 039

3liO, 537 I, 127
2,635

121,468
6,141

191,225
9,182

83,804
33,920

29,428
41,li09
4,634

66,445
48,217

M,300
101,591
513,874
119,693
116,715

2,915
73,234
28,091

171,647
58,533
55,623

114,816

____y_ea_r I__C_O_h_O_I__c_h_u_m__I__p_in_~_ .:in
g I Red Beach seines Pnrse seines Gill nets t;~;s

Num· Fa/h- Num· Fa/h· Num· Fa/h- Num·
Deer Island: beT om8 beT om8 beT om8 beT

1916 •• .__ lil,088

18, 084 96, 232
9,720 19

4 liO,841

1913 .___ 2,316 1,832 272,694 • -- , -._. _

1914. • ._. . 100,387 174,448 227 284,032 :::::: :::::::: :::::: :::::::=1:::::: :::::: 2
1911i • __ .______ 3,OOli 107,71li 44,3li2 1,873 109,378 I I 4

1916... _. •• 2,180 247,7li9 237,842 3,34li 198,627 •• __ •• • __ ._____ 2
1917 .______ 722 149,218 42,224 3,047 670,680 ._____ 14
1918 .___________ 3,21li 373,208 304,306 3,880 li16,li09 • • • __ .. lli
1919__ ._. __ • • __ lli,018 524,liOi 00,9M 7,384 422,344 • • • ._ .. _._. • •• 22

1920_________________ 21,201 644,443 7li9,li77 5,488 786,123 ••• .__ 8
1921.. . ._____ 1,4li7 81,712 44,685 678 783,246 ... __ ._. • • 6
1922__ • .• • 965 153,798 219,468 3,235 1,900,139 ,_, • __ ._ •• __ 13
1923. • 16,416 184,247 52,953 3,574, 1,084,797 •• • 12

1924_._. 58,146 378,806 571,343 3,079 888,910 _._... ._ .... • • 16
1925 .______ 33,037 2M,745 73,183 6,930 309,305 • ... .__ 12
1926 . 62,236 256,794 713,955 6,127 1,497,8liO • .____ 9
1927 44,588 420,322 266,093 7,213 430,989 . • __... .____ 10

King Cove:
1914_________________ 10,312
1915. __ ._____________ 41,4liO
1916.________________ 27,227
1917 ._ 4,041 • . -- --..... __
1918 .._.______ 12,235 _. • •• • ------ .----- _
1919 • • • __ .___ 3,622 ._. • • • • •••• .. _ ------ ------ ._
1920•• .. 8,965
1922-. • •. ------3:iii4- -------- ------i:442- :::::: :::::::: :::::: :::::::: :::::: :::::: ::::::
1923 .__ 2,499 127 ._______ 5 --. ------ _
1925_________________ 3 28,192 892 9 • -- __ .. _
1927_________________ 22,938 5,799 • 3 ._ -----. -- __ . •

Morzhovol Bay:
1911.. .__ 4,147
1912_________________ 3,868
1913 _
1914. __ ._____________ 3,904
1915_________________ 8,859

1916_________________ 17,317
1917 ._____________ 3,184
1918 .____ 6,423
1919_________________ 11,477
1920_________________ 6,2M
1921. . _
1922_________________ . 1,058
1923_. __ .____________ 2,988
1924 .______ 8,045
1925_________________ 7,878
1926 .______ 3,175
1927_________________ 2,234

Nleholaskl Spit:
1924_. __ .____________ 2,818 52,989 151,001
1925 .______ 4,763 62,711 12,778
1926_________________ 8,125 71,589 321,711
1927 ._. • 1,318 57,314 77,002

Pavlor Bay:1912 • • • _
1916. • .- 162,188
1917.________________ 130 11,675 130
1918 .. __ 494 91,829 854,219
1919•• ._. .___ 1,414 31,567 1,617
1920 .___ 6,943 49,891 319,017

1922 • • __ • •• 2,936 135,860
1923_. ._ 1,103 21,988 2,075
1924. • 4,509 90,916 1,012,937
1925.________________ 30 60
1926_________________ 13,293 107,465 830,860
1927_.. .________ 22 6~,155 30,319

Sanak Island:1911 " .. • 25,232
1912 .__ 1,854 10 700

mt::::::::::::::: ::::::::: ::::::~;iii: ::::::::~i~: ::::::::
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TABLE 9.-Salmon caught and fishing appliances used in the Ikatan district, 1908 to 1927·-Continued

Year Coho Chum Pink King Red Beach seines Purse seines Gill nets Pile
traps

============ :====:== --------556- :=:::: =:==:=:= :::::: :::::::: :::::: :=:::: ::::::28,211 _

2
2
2
2

2
2
2
2
4

3
4
8
4

28

32
40
17
7

21

20
26
22
18
27

2502

:::::: :::::::: ---T ---40-

1 125
4 350
5 362
8 980

11 1,500

12 1,550
15 1,745
15 1,745

Num· Fa/h- Num- Fa/h· Num- Fa/h· Num-
ber oms ber oms ber oms ber

.- _- - _.. __ .. - - ------ -
----.- -------- ------ ---..- ._._ 1

2 90 2 80 _
3 280 ._ 1

~ 4~ ----2- ----400- ------ --.--- ------
6 600 4 800 ----i- --i50- -----4

4 875 _
6 1,700 _
6 1,700 •• _._

----5- ----5io- ---"2' -'--600- :::::: ::::::
4 395 2 600 __ •• • __
3 375 6 1,055 , _
3 350 ._.,. ._•••_••••_. __ • __ ,
5 550 ._._ .. • _
9 IlOO • 00 ._••

8,283
19,857
10,012
5,427

736

46, 1142
92,075
45,000
78,200
58,309

43,028
68,265
44,383
77,482
37,349

134,563
21, Dn3
00,410
76,310
82,463

34,703
45,456
20,000
19,303

7,286
2,634
5,453

27,117
8,140

15,257
10

46,942
92,075
45,000

234,632
251,308

272,61l4
583,849
343,816
049,902

1,405,336

911,276
579,599

1,069,400
830,666

2,890, 1166

I, 461l, 334
1,084,185

434,303
2,131,135

511l, 1197

46

45
24
8

-------- --·-----ijii- ::::=: :=:::=:= =::=:= ==:::::= =::==: ::::::----526- 182 • •__ • .. ._ • _
40 2,501 • _

639 _

6,563
284
175

132
99

2,209
1,854

18

4,607
236,534
15,182

378,954
83,460

300
00,275

166
115,624
127,572

--------i70- ::::::::

5

44
133

31,755
97,213
23,211
81,640
95,029

98,674
324,217
102,471
66,675
72,359

132,165
309,328
178,696
268,618
129,201

13,549
90

1,300,000 1,841,719 8,427
805, 716 73,398 8, 479
888, 1111 1,578,421 7,155

84,627 47,320 678
296,936 603,691 3,698

381, 167 71,884 3, 681
1,208,355 2,440,216 3,079

733,568 148,394 7,143
862,768 2,596,755 6,485
936,502 674,659 7,349

------2~ij38- ------i~Oij5- ::::::::____________1____________ 70
722 344 __ • _

-----82;963- -----25;232- :::::::=
195,017 40,409 .,__ ",_

6, 950 1,832
221, 065 ---·3io~077- 648
333, 141 120, 135 4, 753
508, 720 551,304 6, 762
389, 876 71,060 6,424

1,579
18,535
9,156

50
1,449

11,711
47,748
43,822

1,457
2,173

24,852
74,062
60,739

102,840
50,951

1918 __
1919 __
1920 .__
1922 _
1923 _

1918 _
1919 • _
1920 • _
192L •• • _
1922._._ ._. •••_

1923.__ " ••_
11l24. • • _
11l25 •• c__ • _
11l26__ •• • _. ._
11l27•• __ •• __•• __ ._._.

1913_. __ • ......- -- -.-_.
1914_________________ 4,246
1915__ •• •• __ ._ 16,237
1916.._______________ 33,945
1917_________________ 4,348

1924 • 27,127 54,031 __.. _
1925_________________ 9,997 16, 060. 2,595 _1926 • • • • _
1927_________________ 13 52 _

Volcano Bay:191L _
1912 _
1914 _
1915 _
1916 _

1917 • • _
1918 _
1919 ._._________ 942
1920 .______ 142
1922_________________ 100

Sanak JsIsnd-Contd.1920 _
1922 __
1923 _
1924 __
1927 :____ 44

Thin Point:1008 _
1009_________________ 7,200 _
1910_________________ 5,500 _
191L________________ 4,000 _
1912_________________ 20,914 24,360 8, 158 _

1913 • _
1914_________________ 342
1915.________________ 4,037
1916_________________ 10,406
1917 ••• 106

1923_________________ 2,840
1924. • ._______ 356
1925_________________ 762
1926_ _.... 12,466
1927_________________ 1,051

Unallocated:
191L__ • • ••••• _ ._•• •
1927 ._____________ 3

Total:1008__ • • _. • • • _
1009__ • ._. .__ 7,200 • .. _
1910_________________ 5,500
1911_________________ 12,447
1912 •• _ 26,982

NOTE.-The years In whloh no 08tohos were reported have beon omitted. The catehes at Vol08no and Belkofski BaYB In 1918
were not separated In the reports received from the packers fer that year. They have been divided on the basis of the tetal produo'
tlon In both I008litlos in 1917 and 1919, whereby III per cent was credited to Volcano Bay and 9 per cent to Belko/ski Bay. In the
same wayan undivided 08toh taken at Deer Island and Oold Bay in 1918 was allocated 92 per cent to Deer Island and 8 per cent to
OoldjBay. The number of traps h8B been determined in part from the company_records, which show all traps driven and In part
from the records of the bureau's agents, which show the traps actually fished. Whenever pessible the bureau's records have been
used 8B providing a more accurate measure of tbe fisbing effort.
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The two most important localities, especially as regards the catch of red salmon,
are Ikatan and Morzhovoi Bays. The tagging experiments of 1922 and 1923 13

showed that the runs of red salmon in these two bays were intimately associated,
not only with one another but with the runs of Bristol Bay. It was apparent that
there was a considerable interchange of fish between Ikatan and Morzhovoi Bays,
and that important percentages of the fish from both localities went ultimately to
Bristol Bay. It was shown further that the traps located on the east side of Morzho
voi Bay caught a smaller percentage of Bristol Bay fish and a correspondingly larger
percentage of red salmon derived from local spawning streams along the southern
shore of the Alaska Peninsula than did the traps on the west side of the bay. On
this account it would be desirable to separate the catches made on the east and west
sides of this bay, but it has been impossible to do this with the data at hand. In
view of the close association between the red-salmon runs in Ikatan and Morzhovoi
Bays we have combined the catchm; for the purpose of analysis, and the data are
presented graphically in Figure 14.

The trend of the total catch increased consistently up to 1922, but since that
year has fluctuated rather widely, although the general tendency seems to be down
ward. We can not say whether this downward tendency is due to the restrictions
imposed during the past four seasons or whether it is a reflection of the general
downward trend that has been demonstrated in the Bristol Bay catches for the past
few years. It seems probable that both faetors may have had their effect.

It is quite clear from Figure 14 that the fluctuations in Morzhovoi Bay have been
proportionally greater than those in Ikatan Bay, the poor years being relatively
much poorer at Morzhovoi than at Ikatan. It has been suggested that in years
marked by poor runs a smaller percentage of the fish enter Morzhovoi Bay. It is
as though the mass of fish passing along the southern shore of the peninsula kept to
the more direct routes lor Ikatan Bay and False Pass in the poor years, while on
the good years the relatively greater mass of fish tended to crowd large numbers off
the direct route and into such side branches as Morzhovoi Bay. The available
evidence lends some weight to such an hypothesis.

On account of the proved relationship between the red-salmon runs in Ikatan
and Morzhovoi Bays and those of Bristol Bay we have been interested to learn to
what extent the catches at Ikatan and Morzhovoi Bays are correlated with the catches
in Bristol Bay. Figure 15 shows the percentage deviations of the red-salmon catches
from the trend as compared with the similar data for Nushagak and Kvichak and
for Bristol Bay as a whole. The Pearsonian coefficients of correlation for three com
binations are as follows:

Ikatan-Morzhovoi and Nushagak +0.163 ±0.181
Ikatan-Morzhovoi and Kviohak______________________________ +.814 ±.063
Ikatan-Morzhovoi and Bristol Bay____________________________ +.792 ±.070

The high correlation between the Ikatan and Kvichak catches leaves little doubt
that the Kvichak fish form by far the most important element in the catch at Ikatan.
The lack of correlation with Nushagak is doubtless due to the dominating influence

II Gilbert, footnote 12, p. 74. Second Experiment In Tagging Salmon In the Alaska Peninsula Fisheries Reservation, Summer
of 1923. By Charles H. Gilbert and Willis H. Rloh. Bulletin, U. S. Bureau of Fisheries, Vol. XLII, 1926 (1927), pp. 27-75. Wash·
ington, 1925.
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of the much larger run of Kvichak fish; in the period 1911 to 1927 the catch of salmon
on the Nushagak side averaged only 23.8 per cent of the total for Bristol Bay. It
does not appear probable that either the Kvichak or the Nushagak fish appear in the
runs south of the peninsula in materially different proportions than in Bristol Bay.
This is borne out by the results of the tagging experiments in 1923; 11.5 per cent of
the tags recovered in Bristol Bay that year were taken on the Nushagak side, and
the catch at Nushagak for the season was 10.5 per cent of the total for Bristol Bay.
These facts indicate strongly'that the red salmon of the Ikatan district are composed,
in large part, of a mixture of Bristol Bay fish, in which each run is proportionally
represented. One would anticipate, if this be true, that the correlation between
Ikatan and Bristol Bay as a whole would be greater than the correlation between
Ikatan and anyone of the units. In fact, the correlation with Kvichak is slightly
higher, but the difference is so small that it can have no possible significance.
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FIG. I5.-Percentage fluctuations In the catch of red salmon at lkatan compared with those In Bristol Bay

An interesting possibility suggests itself as a result of this intimate correlation
between the catches of red salmon at Ikatan and Bristol Bays and in view of the fact
that the fish require about two weeks in which to make the journey between the two
regions. It should be possible to determine from the run of fish at Ikatan what may
be expected in Bristol Bay later in the season. To do this with any accuracy would
involve a careful comparative study of the daily catches in both places, with particu
lar reference to the reliability (as measured by the probable error) of determinations
of the Bristol Bay run based on the accumulated totals of catches at Ikatan on various
dates during the season. If such an analysis should prove accurate within reasonable
limits, it might have some very interesting and practical applications.

Relative to the catches of other species of salmon, there does not seem to be any
material correlation between the catches taken in Ikatan and Morzhovoi Bays
except that due to the simultaneous development of the fisheries and other economic
factors. Therefore, we shall consider them as separate units in the following discus
sions of the various localities in the Ikatan district.
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ARCH POINT

This locality is at present of minor importance and was first fished in 1927, when
a trap was driven. It seems probable that this locality will be included with the
rest of Pavlof Bay ultimately, but on account of the possibility that the catch might
prove to draw upon a different body of fish it was thought better to keep the data
separate for the present.

BELKOFSKI BAY

The fishery here has been spasmodic and of little importance up to 1924, when
a single trap was driven. Since then the catches of all species except kings have
been much larger. Previous to the installation of the trap the catch had been
chiefly of chums and pinks, but reds and cohos have appeared in noticeably larger
numbers since 1924. The pinks, as usual in this region, are taken in much greater
numbers in the even years. On account of the recent change in the character of the
fishery no further analysis is possible.

COLD BAY

Beach seines were operated in Cold Bay in most years since 1911, and one
trap was operated in 1915. The bay was closed to fishing in 1925 and 1926 but in
1927 was reopened to fishing after .Tuly 25. The most valuable element in the catch
has been the red salmon. The catch of this species has been subject to wide fluctu
ations, which may have been caused by changes in the intensity of fishing. The
data appear to indicate that some depletion occurred previous to 1925, but this
is by no means certain on account of the irregularity in the fishery and the wide
fluctuations in the catch that have prevailed from the beginning. Much the same
thing may be said of the catch of pinks and chums. It is interesting to note, however,
that the largest catch of pinks (over 38,000) was made in an odd year (1915), con
trary to the usual rule in this region. As this was the year in which the one trap was
operated, the large catch doubtless was due to this; but the fact that so large a catch
could be made in an odd year would indicate the presence of a considerable run of
this species.

DEER ISLAND

Catches have been reported from Deer Island in four years only and were
confined virtually to pinks and chums. These fish are presumably though not
certainly of local origin. The fishing has been carried on irregularly, and the data
are too few to permit analysis.

IKATAN BAY

The red salmon of Ikatan Bay have been treated above. All four of the other
species show a somewhat similar history. The catches in general increased up to
1920, then fell off sharply in 1921 due to the economic conditions that have been
mentioned above frequently. Since 1921 all of these species have shown gradual
recovery, until at present the level of the catches is approximately the same as it
was in the years immediately preceding 1921, and in the case of cohos the level
is noticeably higher. The data are shown graphically in Figure 16.
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MORZHOVOI BAY

As in the case of Ikatan Bay the red-salmon catch of Morzhovoi Bay has been
discussed above. The data relative to the other species are shown graphically in
Figure 17. It will be apparent from a comparison of this figure with the similar
one for Ikatan Bay that the recent history of the catches of pinks, chums, cohos, and
kings has been somewhat different in the two localities. Up to 1921 the develop
ment in the two localities had been similar, but Morzhovoi Bay does not show the
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same recovery from the depression of 1921 that is shown by Ikatan Bay. The
tendency for the catches to r.eturn to the former level is evidenced by the pinks
and chums, but neither the cohos nor kings have recovered to any marked degree.
The cause of these differences is not apparent.

KING COVE

This small fishery, carried on chiefly in King Cove Lagoon, has produced chiefly
chums and a few pinks. It has not been continuous, and the yield has been subject
to wide fluctuations. No depletion is indicated by the available data.
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NICHOLASKI SPIT

This particular locality has been fished only since 1924, when a trap was driven
here. This trap has caught an unusually large number of red salmon, and Doctor
Gilbert has stated, on the basis of scale studies, that these reds apparently were
Bristol Bay fish (in part, at least) that were intercepted here as at Ikatan, Morzhovoi
Bay, and Unga Island. A tagging experiment planned for the coming summer
(1928) undoubtedly will settle this point, but it'is interesting to note that our catch
data lend considerable support to the theory even though only four years are availa
ble for study. If the catches of red salmon from 1924 to 1927 at Nicholaski be com
pared with the catches for the same years at Ikatan, it will be seen that, based on
the size of the catch, the rank of each year is identical in the two localities. The
largest catch was made in 1926, then came 1924, 1927, and 1925. While such a
"rank" method of determining correlation is not especially reliable, particularly
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FIG. 17.-0atch of pinks. chums, cohos, and kings at Morzhovol Bay

with so few data, in this case it is so marked as to lend considerable weight to the
theory advanced by Doctor Gilbert. The data are too few to warrant any discussion
of the other species.

PAVLOF BAY

The fishery in Pavlof Bay has been conducted with some intensity since 1918
(with the exception of 1921), when traps were first installed. The yield of red salmon
has never been consistently large, although in 1918 the catch was over 30,000 and in
1926 exceeded 43,000. The catch of kings has been negligible and that of cohos has
been very irregular and never large. The chief species taken in Pavlof Bay have
been pinks and chums, and of these the catch of pinks has been by far the more impor
tant; but both species have shown such wide fluctuations that it is difficult to see
any general trend. The pinks, of course, show the usual two-year cycle, abundant
in the even years and scarce in the odd years; and the catch of both species shows the
effect of the economic situation that prevailed in 1921. The poor catch of 1925 can
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not be accounted for from the data at hand, but it appears reasonable to suppose that
for some reason the traps were not actually fished. In general, the catches of all
species appear to be as good now as they ever were.

VOLCANO BAY

In reality Volcano Bay is only an arm of Pavlof Bay and also was first fished
intensively in 1918, when traps were driven. Previous to this time it had been fished
regularly by seiners since 1911, except for 1913. Up to 1918 the yield had been almost
exclusively chums, but after the traps were installed large catches of pinks were made
and a few reds and cohos also were taken. As in Pavlof Bay, the catch of king salmon
is negligible. The general trend of the catches of all four species is clearly upward.
This rise is remarkably constant in the case of the even-year catches of pinks-each
catch has been greater than the one preceding and the series does not even show the
effect of the depression of 1921. As usual the catch of pinks in the odd years
has been relatively small, although that, too, has been increasing, the catch of
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FIG. IS.-Catch of red salmon at Sanak

1927 being over 80,000. In the case of the chums the rise has been less. regular,
but the present level is distinctly higher than formerly. With the exception of
1918 there was no year previous to 1923 in which the catch equaled that of the
poorest year since 1923; and the catches of both cohos and reds, while relatively
small and subject to wide proportional fluctuations, show a constant tendency to
increase. It is especially to be noted that the general tendency here is quite different
from that shown by the fishery in Pavlof Bay. Our data are insufficient to show
whether this is because the two localities draw upon fairly distinct stocks of salmon
or because of fluctuation in the intensity of fishing. The general tendency for increased
catches in Volcano Bay naturally would lead one to infer that the intensity of fishing
has increased gradually, probably through improvements in the efficiency of the
traps inasmuch as the number of traps remained constant until 1927.

SANAK ISLAND

The fishery at Sanak Island has always been a small one, conducted with beach
seines, and has produced mainly red salmon. The data for the catch of reds are
given graphically in Figure 18, and if our records of the total catch may be relied
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upon to show abundance they tell a story of depletion to the point of practical ex
termination. The Sanak Islands are isolated and are visited rarely, and there can
be little doubt that fishing has been mercilessly intense, with a result that might
have been foreseen.

THIN POINT

The fishery at Thin Point is the oldest in the district, having been established
in 1889, when a cannery was built and was operated for three seasons. A second
cannery was built here 50 1890 and was operated for two years only. In 1892 both
canneries were closed, but salteries were operated during the period from 1892 to
1896, inclusive. Between the years 1896 and 1908, when our more detailed statistics
begin, we have no record, and Cobb infers in his historical account of this fishery
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FlO. 19.-0atch of red salmon at Thin Point
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that no commercial operations were carried on then at Thin Point. Most of the
data we have for these early years has been taken from the reports of the special
agents of the Treasury Department. For the three years in which the canneries
were operated we have no record of the species canned, but it is fairly certain that
they were all reds. The packs were as follows: 1889,28,748 cases; 1890,9,417 cases;
and 1891, 11,000 cases. The pack of salted fish in 1892 amounted to 1,500 ,barrels.
There is no record for this year of the species used nor of the number of fish caught,
but it is probable that they were all red salmon and that approximately 75,000 fish
were taken.. The records for the years 1893 to 1896 state definitely that the fish
were all red salmon, and the packs and catches were as follows: 1893, 1,232 barrels,
60,000 fish; 1894, 2,519 barrels, 125,950 fish; 1895, 375 barrelsi23,453 fish, and 1896,
611 barrels, 27,198 fish. The records for the recent years, beginning with 1908, are
given in Table 9, and the catch of red salmon is shown graphically in Figure 19.
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This fishery, like the one at Sanak Island, has been conducted solely with beach
seines and has produced chiefly red salmon, although occasional good catches of
pinks, chums, and cohos have been reported in recent years. It does not appear
from our records that the catches of red salmon were, on the whole, greatly reduced
previous to the closure of the lagoon to fishing in 1924. As a result of this closure
the fishing has been restricted to the beach outside the entrance to the lagoon, and
a marked reduction in the catch has resulted. This fishery has also been a very
intense one, and it is rather surprising that the catches previous to 1924 did not show
evidence of greater depletion.

SHUMAGIN DISTRICT

The following localities of the Shumagin district are not named on the map:
Acheridin Bay, southern shore of Unga Island.
Red Cove, southwest side of Popof Island.
Balboa Bay, Alaska Peninsula, dir~ctly north of Unga Island across Unga

Strait.
Ivanof Bay, Alaska Peninsula, the first bay east of Kupreanof Point.
Stepovak Bay, Alaska Peninsula, the first bay west of Kupreanof Point.
Orzinski (Orzenoi) Bay, a small bay on the west side of Stepovak Bay.
The same general regulations have applied to the Shumagin district as were

in force in the Ikatan district, and the following special regulations have been pro
mulgated: Stepovak and Balboa Bays, with the exception of Orzinski Bay, were
closed to fishing in 1925, and the catch at Orzinski was limited to 25,000 red salmon.
In 1926 traps were prohibited on all islands except Unga, and beginning with 1928
the traps on Unga Island will be restricted to the east side (Popof Strait). Table
10 presents the data for this district.

TAIlLl, lO.-Salmon ca'ught and fishinrl appliances used in the Shumagin Islands district, 1908 to
1927

_____y_e_ar .I_C_O_hO_' Chum __p_ln_k_I_K_I_n
g
_ Red

Beach
seines

Purse
seines Gill nets Pile

traps

121, $4J :::::::: ---------- ------ ------ ------ ------ .--.-- -...-..._-..
129, 4: • __~_ 4,~ :::::: ::::::':::::: :::::: :::::: :::::: ::::::

Num- Fath- Num- Fath- Num- Fath- Num-
ber oms ber oms ber om8 ber30,925 _. ._. •• _

Il,227 • •• • _
293 _. • • _

5,316 • • _
6,285 • • __ • _

t~ :::::: :::::: :::::: :::::: :::::: :::::: ::::::

Acheredln Bay:
1912 --------- ---------- ------------ --------

~g~~==============:===:======::==::::: ---ii:ii8ii- ------2:766- ::=:::::
1924. --------- ---------- ------------ --------
1925 --------- ---------- ------------ --------
1926 --------- ---------- ------------ --------
1927 --------- ---------- ------------ --------

Balboa Bay:
1918_________________________ 66 85,967
1919_________________________ 100 36, 100 I
1920_________________________ 620 21,130
1922_________________________ 10

Ivanof Bay:
1912_________________________ 14,200 ------------ -------- ---------- ------ ------ ------ • _

o,,'!~m::::m~m~~:~::: :::::::::J~_ :::::;~~: :::~~::: :~~~~~m~ ~::m ~::::: :~:::: :::::: ~::::: m::r~:::

lm::m:::mm:::m:m :~~:::m :::~:~:]::::m::::: ~:::::~: 1m :::::: ::m: :m:: ::~~:: :::~:: ~~~:::l:::~~~
1913

• • ..1____________ 27,000

I
------ ------ ------ ..-... --- ------ -----. --- .. --

m!::::::::::::::::::::::::: =:=~:~~~: :::::::::: ::::::~,:~: :::::~: ~&~ :::::: :::::: :::::: :::::: :::::: :::::: ::::::
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TABLE lO.-Salmon caught and fishing appliances used in the Shumagin Islands district, 1908 to

1927-Continued

2,597
10,101
10,506
24,688

li,097

30,000
20,060
26,000
14,000

30,066
12,450
25,000

2,364

--:~~i~- ---W~!r ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~I~~~~~~ ~~~~~~ :::::~
375 50,604 ------ --____ 6

3,241 513,890 ---- .. - ------ ------ ------ ------ -----~l 3

378 33C>,711 1------ 1 3
830 226,494 1._____ 3

3,509 354,662 4
2,711 483,426 -_____ 2
2,261 178,572 ------ -----_ 3

9,000
1,000

172,851
5,462

314,146
153,000

68,000
1,491,092

223,454
086,294
561,674

144,342
122,370
245,056
202,244
341,752

50,054
53,250
64,300
83,735
60,760

1023 _
1924 _
1925 _
1026 _
1927 _

Hed Cove:1911. .
1917 _
1918 . . " _
1022~ _
1~23------------------------- . _

1924. _
1925_________________________ 300 _
1926 ~ _
1027_________________________ 5,600 83,314

Popof Strait:1016 _

1917_________________________ 300 23,400
1918 .__ ___ ____ 4,557 24, 511
1919_________________________ 6,230 30,118
1920_________________________ 1,850 23,100
1922_________________________ 52,358

Orzinski Bay-Continued.1017 _
1018_________________________ 550 400 "
1022 _
1923 _

_____y_ea_r II_C_O_h_O C_h_U_Ill_1__p_in_k__I__K._i_n_
g
__:_J_B_se_~'~'~_~__I__;:_Yn,r:_~__I G._i_ll,-n_e_ts_ t~~~s

Num- Fath- Num- Fath- Num- Fath- Num-
beT oms beT oms beT oms beT

7,700
8,558

5,031
12,780

1,261
5,508

561 _

4,451 28
40,503

000

1024. " . _
1025_________________________ 10,000 _
1026 . _
1027 100 100

Stepovak Bay:1919 . .__ 2,200
1020 c _ __ _ __ _ _ 30

Unallocated:1012_________________________ 7,150 • __
1014 . 10,200 . _
1016_________________________ 200 160 10,200 m,020 _
1917 ._._____ 2,200 . • 17,430 _
1018 • .______ 14,800 28,080 _
1020_________________________ 1,400 83,280 , _

1022 ._.___ 10,000 •

tg~::::::::::::::::::::::::: ~J~~ 2:J~~ ----i36;~~~- ====~~6= ---38;~~~- :::::: :::::: ::::~: :::::: ~:~~~~ ~~~~~~ ~~~~~~
1027 [ 2, 021 28,100 128, 801 3,720 1 _

'l'otlgg~========================= ========= ========== ============ ======== i~; ~~g ~ :8 ====== ====== =====1==== ======1010 . : -_________ 1,324 1 40 _
1011.________________________ 6,102 2 100

1012.. --------- 14,200 83,07.1 7 550 ====== ====== ----ii- --iiiii- ======
1013 --------- ---------- -----_______ 27,000 1 100 2 200 _
1014. .________ 5,650 ---------_ --- ._____ 45.000 1 100
1015.. --------- ---------- --------____ 24,072 4 265 ====== ====== ----ii- --iiifi- ------
1016_________________________ 200 160 24,800 30 81,020 3 305 3 125 _
1017_________________________ 300 42,220 1,000 80,030 10 680 3 125 _

1918. ________________________
4,623 148,205 300,752 255 102,8391919_________________________ 8,339 127,512 0,773 1,147 39,542:,920______ " _________________
3,900 45,130 531,384 408 72,8521922_________________________

--- -- ---- 52,368 153,050 3,241 485,8461023.________________________
50,424 161,074 71,094 378 357,821

1024_________________________
53,250 122,370 1,500,002 850 207,8071925_________________________
66,348 256,114 233,754 3,500 386,177[026_________________________
00,950 317,074 1,122,050 3,001 040,3691027_________________________
74,381 363,104 780,857 2,261 104,752

5
4
5
2
1

575
205
255
135
75

----ii- --iiio- ~ ~~~_ "---6
2 315 6

4 475 2 100 3
I 150 3

3
4
3
3

NOTE.-No catches were reported In the years not shown. 'I'he unallocated catches were taken Wholly In the coastal waters
of the Shumagin Islands, but the specific locality was not indicated In all cases. Among the places mentiolllld are the follOWing:
Barn Cove, Bay Point, Coal Harbor, Eagle IIarbor, East Bight, Falmouth Harbor, Korovln Island, Little Harbor Meno Creek
Nagai Island, Northeast Bight, Red Bluff, Sanborn Harbor, Unga Strait, and Wosnesenski Island. ' ,
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ACHERIDIN BAY

So far as our records go, the fishery here has been very irregular. A catch of nearly
31,000 red salmon was made in 1912, but no other catch was recorded until 1922,
although since then reports have been received yearly. It is very probable, however,
that the fishery was fairly continuous between 1912 and 1922 and that for one reason
or another records have not been submitted. The fishery is mainly for red salmon,
but in 1923 a small catch of pinks and chums was made also. If our record be taken
as it stands and the catch of 1912 be considered as a fair indication of the abundance
at that time, it is clear that this locality has been seriously depleted. The available
data are too few to warrant a definite conclusion to this effect, however.
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FIG. 2O.-Catch of red salmon at Orzinski

BALBOA AND IVANOF BAYS

The fisheries in both these localities have been irregular so far as our reports show
and no analysis is possible. They have produced chiefly pinks and chums caught
by beach seines and presumably of local origin.

ORZINSKI BAY

This bay receives a small river that supports a run of red salmon that has formed
the object of a fishery for many years. Cobb states that a cannery was started here
in 1889 but operated only for two years. For these years we have no record of either
the pack or the catch. Cobb states further that a saltery was established here about
1905, but the earliest records available to us begin with 1908. Very few fish other
than red salmon had been taken here up to 1927, but in that year an unprecedented
catch was made of over 83,000 pinks. It seems possible that this was due to some
economic factor with which we are not acquainted. The catches of red salmon are
shown graphically in Figure 20. It is not apparent that there has been much change
in the yield, unless the poor catch recorded for 1927 is an indication of a fall. How
ever, as this 'smaller yield of reds was accompanied by a greatly augmented yield of
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pinks we are inclined to the opinion that there was some marked change in the conduct
of the fishery. Leaving 1927 out of consideration, there would still appear to be some
slight fall in the yield, which possibly may be referred to depletion. It is very inter
esting to note, however, that the discontinuance of the fishery during the years 1919
to 1921, inclusive (if, indeed, our records are reliable), had no appreciable effect in
increasing the future runs.

POPOF STRAIT

The most important fishery in the Shumagin district is prosecuted in Popof
Strait, where several extremely productive traps are situated. Our records show that
traps were driven here first in 1919, but it was not until 192;2 that the production
increased markedly. Doubtless this was due to improvements made in the location
and contruction of the traps. The tagging experiments of 1922 and 1923 showed that
these traps caught large numbers of the fish bound for Ikatan and Morzhovoi Bays
and thence for Bristol Bay. With this in mind we have investigated the correlation
shown between the catches in Popof Strait and those at Ikatan and in Bristol Bay
for the years 1922 to 1927, inclusive. For this purpose we have used Spearman's
coefficient of correlation (p), which is recommended for cases in which the number'
of items is small. While this method is not as accurate as the better-known formula
of Pearson (r) it is as reliable a method as is justified by the available data. The
following values of p have been determined:

Popof Strait and Ikatan +0.657 ±0.164
Popof Strait and Bristol Bay_________________________________ +.600 ±.184

A high degree of correlation is indicated, as would be expected from our knowledge
of the routes of migration.

On account of the marked change in the effectiveness of the fishery, which took
place in 1922, and the short series of years since that event we do not feel justified
in making any additional analyses of the data.

RED COVE

This fishery has drawn chiefly upon a small run of red salmon that enters a
stream flowing into Red Cove. As is the case in most such small fisheries, doubtless
it has been prosecuted intensely, and our data, although not extensive, indicate a
general decline in the yield, which may safely be ascribed to depletion.


