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PREFACE

The purpose of this paper is to furnish the
teachers in Bristol Bay with material that may be used

in teaching conservation of the sslmon fisheries in

schools of the area. & history of the establishment

of the canneries and development of the fishing industry

is given. The biology end ecology of the salmon 1s

considered along with scientific investigations in

Bristol Bay end other aress that bear on the involved

conservation problems. Suggestions are given as to

how this material may be Integrated with the present'
curriculum in developing an understanding of the
conservation problems connected with maintaining a

run of salmon large enough to support a commercial
fisheries,

The economy of the towns in Bristol Bay rests

squarely on the salmon fishing industry. It is

imperative that the people realize thst many complicated

problems are involved, and that no easy and permanent

solution ean be reasonably expected, The children in

the schools must be given the facts and aided in devel-

oping the proper concepts in order that they may adjust

themselves sstisfzctorily to their environment,

»
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PART I

DEVELOPXENT OF THE BRISTOL BAY FISHERY

ntroductio
Bristol Bay is the home of one of the largest

runs of red salmon to be found anywhere.. Red salmon,

Oncorhynchus nerka (Welbaum), make up about eighty-five

percent of the run, although all five species of Pacific

salmon are represented. The conservation problems in-

volved‘in these fisheries are unique and very ccmplex
because the Pacific sslmon spawn only once and then die,
The red salmon are known as lake spawners be-

cause of thelr preference to spawn along the lake shores

or 1n streams running into a lske. The mature fish

enter the rivers during the latter part of June and the
run ccntinues until the end of July, and sometimes as

late as the second week in August. After entering the

rivers the red salmon proceed to the spawning grounds,

the lste run fish with considerably more haste than the

earlier arrivals. The spewning period extends from the

latter part of July to the ‘end of September. The eggs

& o
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hateh during the early spring of the following year and
the fry hatched in the streams make their wey to the
lake. The perr spend one or two years in the lake,
attaining a length of four or five inches before going
out to sea as smolt. The migrators, or smolt, spend two
or three years in the ocean, making rapid growth, and
return as meture fish either four, five or six years
after the year they were spawned. The returning fish
meke their way to the spawning grounds and thus complete
their life cycle.

Red seslmon are not caught in any of the ocesan
fisheries. Little is known of their 1life from the time
they make their wasy down the streams as migrators until
they appear in schools along the coast on their way to
spawn. Rich (1939) related two instances of red salmon
being loceted at sea. The first was that of a single
mature red salmon being taken seven or eight hundred
miles off-shore during experiments in the halibut work
of the International Fisheries Commission., The second
was the report of a former fisherlies worker of having
seen, while sailing to the Orient, a school of red salmon
geveral hundred miles offshore. Commercisl fishing of
red salmon is done after the fish have approached the

coast in schools and are on their way to spawn.
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Because each generation spawns only once the
specles 1s made especially vulnersble to any adverse
environmental conditions or to over exploitation. Esch
river or district has runs of fish in which a single age
class predominates. This charecteristic leads to a
eyclic effeet and the rivers ere referred to as four-
year rivers or five-year rivers, depending upon whether
the majority of fish return four years or five yesrs
after having been spawned. XRristol Bay is considered
to be on a five year cycle.

The early designation of Bristol Basy included
all of Bering Sea lying esst of a line drawn from the
northwest cape of Unimak Island to the Kuskokwim River.
Moser, in his report of 1900 (Moser 1902), used a western
boundary line from Port Koller to Cape Newenham. The
present designation of Bristol Bay includes ell the
waters easst of a line from Cepe kienchikof to Cape Newen-
ham.

In 2 northessterly direction from Cape Menchikof
the four commercial fishing districts are in order of
location: Ugashik, Egegik, Naknek-Kvichak, and Nushagak,
each with its system of rivers and lakes coﬁprising the
spawning ground of the area. Xulukak and Toglak rivers

are between Nushagak and Cape Newenham. These two smaller
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rivers support a limited run of salmon that is not
commercially exploited,

Twenty-four major lekes are drained by the four

large river systems. Ilismna, the largest lake, 1is

about 80 miles long and 25 miles wide. Becharof, drained
by the Egegik river, is over 40 miles long and no less
then 16 miles at the widest part. One of the smaller,

Lake Ualik in the Hushagak drainage, is about 8 miles
long and 2 miles wide,

Establighment of Cenneries

Farliest Record of Commercisl Fishing

A higtory of the salmon fishing, and canning
operztions in Bristol Bay will greatly aid in under-
standing the problems involved in maintaining and im-
proving the runs in that area. Wa are indeed fortunate
in having first hand accounts of saveral competent
observers and will lesn heavily on their reports in
reconstructing the establishment and development of
comzaerclal fishing in Bristol Bay.

Moser (1902), in recording the history of the
salmon fisheries of Bristol Bay for commerciasl purposes,

statess

The earliest record in the history is the
salting of selmon on the Rushsgak by the schooner
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Neptune in 1883, and the erection of cannery build-
ings that year for the Arctic Packing Company,

which mede a trisl pack of 4C0 cases the year follow-
ing (1884), It 1s noticed, however, that Petroff,
in the census report of 18&0, states:

"The salmon femily, thne great feeder of the
Alaskan people, frequents in astonishing numbers
the Nushagsak and other stresms emptying into Bristol
Bay. The fecilities for huilding traps and weirs
are 8lso extraordinery, and American fishermen
heve for some years besn engcged here every sesson
in reaping a rich harvest and shipping the fish,
selted in barrels, to market., Nundreds of barrels
have been filled with & single clesn up of a trep.
The only drawbasck to this business is the short
period over which the run extends, necessitating the
employment of a very large number of hends while 1t
lastSe «... Exports from this section have thus fer
been limited to from 800 to 1,200 barrels of salted
salmon per annum from the Wushagak River."

It is provable thast this later reference was to
the salting done by traders on a limited scale.

The Alaska Commercial Company, or thelr agents
salted sa2lmon at varilous stetions orior to 1886,

and as they hsd an important station &t Fort Alexan-
der on the flushagak, it is probsble that some salting
was done there.

The establishment of the canneries on the Nush-
agak was followed by exploration and establishment
of canneries in the other districts. The general
pattern was to send a salting expedition to the
various rivers to prospect for fish and to establish
canneries after having determined that a consider-
able supply of salmon was svailable.

Moser gives the following account of the Bristol
Bay canneries as he found them in 1900 and 1901:

Establishrent of Canneries on the Nughzgak River

Artic Packing Company. I? 1%83 the sc%ooner
Jeptune was sent by kr. hRohllfs to prospect for
}1sh on the Nushagak, and & lerge number of redfish
salted. The seme year cannery buildings wers erected
for the sbove named company, and in 1824 an experi-
mental pack of AJ00 cases was mede. This is the
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first cannery that opersted in Bering Sea., It has
made a pack every yesr to dste, excenting 1892,
when it joined the pool of the Alasks Pecking
Association and was closed; in 1893 it became &
member of the Alaska Packers Association. The can-
nery is loceted on the esstern shore 1 3/4 miles
above Fort Alexander, at & place called Kanulik,
and known as the iMission. The Morevisn mission and
the village are situated on the bluff overlooking the
cennery. The Nushagek post-office is also located
at this point., The capacity of the cannery was in-
creased this yeasr and now has a daily output of
2,400 cases. ‘

Alaska Packing Compeny. This compeny was or-
ganized et Astoriam, and in the spring of 1786 sent
a cannery outfit on the schooner Sadie F, Caller
and the brig Courteney Foard to the Nushsgek, where
a cannery was built at the head of the bay on the
western side, at the villsge of Kanakanek (also
called Chogiung) about 14 miles below the junction
of the %Wood and Nushagak rivers. It made a pack
that yesr and every year since to date. It entered
the pool of the Alaska Packing Association in 1892
and became a member of the Alasska Packers Aasociation
in 1893. The capacity was increased this year, and
4t now haes a daily output of 2,400 cases,

Bristol Bsy Canning Comneny was or aniged in
Sen Francisco and built a cannery in 1586 on the
western shore of Nushsgak Bay, in a bend about 2
miles below the cannery of the Alasks rceking
Comnany. It mede a peck that year and every year to
date. In 1892 it entered the pool of the Alaska
Pecking Associetion, and in 1893 became a member of
the Alesks Pasckers Association. The capacity was
{ncreased in 1900, and 1t now has a daily output of

2,400 cases.

Jushagsk Cenning Company bullt e cannery on the
eastern shore of hushegzk Bay in 1388, st a place
called Stagerok (also known as Clerk ﬁoint), 5%
miles below Fort Alexander and 3 miles sbove Ekuk.
It was operated in 1888, 1889, 1890, and 1891, but
has not since been used. In 189271¢ joined the pool
of the Alaska Packing Association, and became & mem=-
ber of the Alaska Packers Associa%ion in 1893. This
cennery is held in reserve end at present 1s used as

a fishing station.
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IThe Nushagek Cznnery, of the Pacific Steam
Phaling Company, is 1oca£ed on the eastern shore of
Nushagek Bey at Fort Alexander, which 1s also known
as Nushagak Village. The cennery outfit wass trans=-
ported by vessels of the company and asrrived on the
Nushagek April 12, 1899, The erection of the build-
ings wes commenced at once snd the camnery was ready
for work June 8. A pack was made in 1899 end in
1900, It is & modern canneryi well built snd

s

equipped, has good light and clean and a2iry. The
capacity is 1,600 cases per day. « « o

Ihe Alaska Fishermen's Packing Compeny, of
Astoria

built & cannery immediately below’that of
the Paclfic Steam Whaling Company in the spring of
1899. The cenning outfit arrived May 27, and the
plant wes ready for operation June 25. They made a
pack in 1899 and in 1900. The cannery has a daily
capacity of 1,600 ccee8, o o o«

Salter of Ce. E. Whitne & Cos This saltery was
bullt and operated by the Bristol Bay Cenning Company,
on the Tgashak (Snake) River in 1886: three years
later three fishermen acquired each a one-quarter
interest and moved the outfit to the mouth of the
Nushagak. Upon the formation of the Alaska Peckers ’
Associetion, Messrs. C. E. Whitney & Co. purchased the
one-quarter interest of the Brisgtol Bay Canning
Compeny, and also thet of one of the fishermen, and
in 1895 purchased another quarter. In 1899 the firm
became the owner of the saltery by purchasing the
remeining quarter. The saltery was moved to its
present site about 1892, It is the largest in Alssks
and 1s loceted on the eastern shore of the Nushagek
Bay, 4% miles above Fort Alexander, at & point where
the bluff recedes snd the long, broad low point
commences to make. out to form the head of the bay.,

Establishment of Canneries on the Kvichak River

Point Roberts Packing Company. The Prosper
Fishing and Trading Company esteblished a saltery
at Koggiung in 1894 and selted that year and in 1895,
In 1896 1t was sold to the Alasks Packers Association
under the neme of the Point Roberts Packing Company.
The Alaskas Packers Association estehlished a sglte
ery at Koggiung in 1894, nesr that of the Prosper
Fishing snd Trading Company, and after the purchase
of the latter in 1896 consoiidated the two. This
saltery has been operated every year except 1899,
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In 1895, under the same neme (Point Roberts
Packing Comnany), the Alaska Packers /‘ssocirtion
built a cennery st Kopgriung, vtilizing the avall=
able machinery from the cernery of the Central
Alaska Comnany 2t Thin Point, It was a tvo-filler
cannery two lines of canning machinery of 1,500
cases cepacity per day. It made the first pack in
1%96 and a pack every year since to date. In 1897
it was enlerged to three fillers, end in 1898 a
second three-filler cannery wes built close to and
connected with the first, so thst the plent now
practically consists of & six-filler cennery and a
serlterye o« o« o

The Rvichel Packing Comneny. Under this name
the Alasks Packers &4ssocietion built a cannery in
the spring of 1900, cn the easstern shore of Kvichak
Bay, about 6 miles below the cannery of the Point
Roberts Pscking Comleny, and on the northern noint
of entrance to Regr Slough. It is s three-filler
cannery with a daily capecity of 2,400 ceses, and
hes substantisl werehouses and guerters. It is well
lighted, roomy, and well ventiloted, and conteins
the latest machinery and cennery ilwprovements. It
wes ready and cormenced peacking June 29.

North Aleske Salmon Compeny. This company,
orcanized from the vacrsmento niver rPackers' Asso-
ciation and incorporested under the lsws of Californta,
sent a large cannery plant to Drigtol Bzy in the
gnring of 1900 and built two canneries on the left
bank of the Kvichak River, nesr the moutk, about 6
miles sbove Koggiunge 7The plent was placed in two
cenneries, 1,000 feet apesrt, for the purpose of
obtaining fire protection. They will be opersted,
however, under one mensgement during the sesson of
1901, when the first pack 1s expected. Feach cennery
will have 4 retorts, 2 fillers, 2 toopers, 2 solderers,
1 cutter, and 1 set of can-mskers. As the cannery
will emoicy 50 hands to the filler, a daily capacity
1s exnected of 1,800 cases, or 3 00 cases for the
two ceznneries; a conservative rating, however, would
be 3,200 cases.

Estoblisbment of Canneries on the licknelt River

drtic Packing Comnany. In 1890 this company
built end operated & ssltery on the Neknek, et a
point indicsted in the pnreceding pasragraovh. This
ssltery was sold to the Alaska Packers Association
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in 1893, 1In 1894 the essociation built a cennery

at the seme point, utilizing in its construction

the available machinery of the cannery of the Thin
Point Packing Compeny, at Thin Point, and made the
first peck in 1895, A psck has been made every year
since to date, The saltery has been operated every
year except 1897, The original plent was a two-filler
cannery, but in the spring of 1900 an sdditional
machine was installed, and it now has a daily capacity
of 2,400 ceses. A pack of 55,000 cases is expected
during a good sverage season.

Kaknelk Pecking Comnany. In 1890 Mr. L. A. Peder-
sen established and operated a small seltery on the
right bank of the Naknek about 3 miles above the
mouth. In 1894 & company under the sbove title
incorporated under the laws of the State of callfor-
nia, absorbed the saltery end erected a cannery near
it. The first pack was made in 1895, and a pack has
been made every year to date. The saltery has also
been operated every yesr, and in 1897 an gdiitionsal
one was built and overated on the shore of Kvichak
Bay, about 2 miles ahove the mouth of the Naknek.

The latter was abandoned in 1900, During the present
gsesson (1900) the cannery plant was enlarged by the
addition of a smell cesnnery building, warehouse,

bunk houses, etc., and it 1s expecteé to have three
fillers reedy for opersticn in 1501 and the cannery
equipped for a pack of at least 40,000 cases.

Establighment of Cenneries on the Fgegik River

Egagak (BEgegik) Fighing Stetion. Under this
name the Almska Packers issoclstion, in 1895, estab-
1ished and opersted & saltery on the right benk of
the Fgagak about 5 miles from the entrance, and salted
every yesr until 1900, when the anparstus was moved
to the new cannery si%e, though the buildings were
left standinge.

reepek (Egpegik) Pecking Company. In 1899 the
Alaska Peckers Assoclation, under this title, commenced
bullding & cannery on the 1eft bank of the Fgegak,
opposite and & 1ittle above the sslting station,
utilizing the svailsble machinery of the cannery of
the Baranoff Pscking Company, of Redfish Bay, South-
eest Alsska. This plant hed been purchased &uring
the winter of 1898 and 1899, when that locality was
abandoned. The new cannery was completed in 1500
and the first pack comuenced July l. It hes subs%an—
tisl buildings, and 1is clean and well arranged. The
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cannery machinery consists of 5 retorts, 2 fillers

2 toppers, 2 solderers, and 1 cutter; can-makers wlil
be 1nstalied. This year all cans were brought from
San Francisco, 1C0=pound tin plate being used for
bodies and 95-pound plate for topsy all domestic.

. Establislment of Cannerles on the Ugashik River.

Joknson Sslte7y. Mr. C. A. Johnson galted
salmon on ilie Ugashik from 1889 to 1898, beth inclu-
sive. He was the pioneer in this business on the
river and built end operated s saltery in 1889, on
the left bsnk, asbout 23 miles above Smoky point and
2 miles below the trazding post of the Aleska Commer-
clal Cecmpany. This ssltery was merged in the cennery
of the Bering Sea Packing Company. In 1894 ¥r..
Johnson esteblished snd operated encther szltery: on
the right bank of the river, about 1lf miles above
the pilot ststion, which he sold in 1899 to the
Alaska Packers Associztion, who absorbed it in
their cennery plant.

Bering Ses Packing Comaany. In 1890 this com=
pany, 8 branch of the &laska Improvement Company,
though a separate corporstion, purchzsed the machin-
ery of the Testern Aleska Packing Company at Ozernoy,
and commenced building a cannery on the left benk
of the Uzashik, near the first Joknson ssltery. In
transporting the machinery on the schooner Premier,
that vessel went ashore in Stepovak Bay snd the
machinery d1d not g1l reach the Ugashik until 1891,
when it was installed znd & small pack mrde that
year. As the site spneared unsuiteble, the cannery
remained closed in 1892 and 1893 and in 1894 it wss
moved to a point on the left bank, about 15 miles
above Smoky Point, where 1t was operated in 1894,
1895, end 1896. 1In 1897 it was sold to the Alaska
Fackers fscocistion, with other property of the
Alaska Improvement Company, end the mechinery and
equipment were utillized in the Alaska Packers Asso-
ciation cannery. nothing rerains but the dwelling
of the superintendent, now used as & fishing camp
by the Alaska Packers Assoclation.

Kelson “alter In 1893 Mr. Charles Nelson
established a saltery on the left benk of the Ugeshik,
jmmediately above the 1lsst site of the Bering Sea
Packing Company. After operating it in 1893 and 1894
it was sold to the Alaska Psckers Association and
closed.




- 1] =-

Alasks Packers Mssociation Szltery. In 1893
the Alaska Packers Associstion built a seltery on
the left bsrk of the Ugashik, about & mile below the
last site of the Jering See 5acking Corpany. It was
operated in 1853, 1894, and 1895, and then merged in
with the Aleska Psckers Association canrery, built the
latter year nesr the pllot station.

Ugashik ¥ishing Station, In 1895 the Alaeska
Packers Asscciation built a cannery on the right
bank of the Ugashik immediately above the pilot
station, where the river is zbout 3 miles wide,
utilizing in its construction the available machin=-
ery of the Russisn-imericen Packing Company's cannery
at Afognek., It made the first pack in 1896, and has
packed every year since to date. Originally it was
a two-filler cannery, but in 1900 ancther filler was
installed, and 1t now has a capacity of 2,400 cases
per day.

Bristol) Packing Company. This company% orgenized

- largely by the stockholders of the Neknek Packing

Company, sent a cannery outfit to the Ugashik early .
in the spring of 1900 and located on the left bank
of thet river about 25 miles from Smoky Point, near
the site of the 0ld trading post of the Alaska Com-
mercisl Company. The cannery was reedy for packing
July 9. It was not fully equipped but had at the time
of our visit 2 retorts, 1 fruit tooper, 1 solderer,
gnd 1 cutter. The ﬁorﬁ was done largeiy by hand
but it was estimated that 500 csses could be pecied
per dsy. All the cens were brcught from Sen Franciscog
they were made of 10C-pound imported tin plate. It
is geid that in 1901 the cannery will be egquipped
with 3 fillers and the corresponding machinery, end
it is anticipated that a pack of 40,000 cases will
be mzde during the season.

ew Cannerie Testern A )it 190

From Cross Sound to Bering Sees there were no
additions to the canneries, but the latter district
received six new ones snd enlargements to several
old plents.

The Portlend-Alaska Packers' #ssocistion built a
carnery at cnag roint, on the Upper Nushegak Bay, The
locetion is in front of the village, e short distance
ebove the A. P. A. cannery known as the Alesks FPack-
ing Company, or the Johnson plant.
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The Columbis River Packers'! Agsocistion con=-
structed g cannery at the mouth of Clark Creek

?zovg.tio)ﬁushagak Canning Company's reserve piant

The Alaska Salmon Compeny erected a csnning plant
on the right bank of %ood Kiver, ebout 2 miles from
the mouth, and abreest of the lower point of the
first 1sland in the river,

Ihe Red Sslmon Packing Company built and oper-
ated a cannery on the Ugashik River, about half a
mile sbove the site of the old Bering fee Packing
Company,

The Alaska Packers! Associstion built sn addition-
al three-filler cannery on the Ugashik, on the site
of the 0ld Bering Sea Packing Company, and have
retained the latter name for the new cannery.

Under the name of the Guardiasn Pscking Comd
the A, P. A, built & four-filler cannery on the
Raknek, about 2 miles below their old cennery, which
is opersted under the name of the Arctic Packlng
Company.

The Alsske Packers' Association has slso laid
the foundation for a large addition to their plant
below Xogziung, which was constructed and operated
in 1900. 1In my lest report this was caslled the
Kvichak Packing Company, but since then the name
hes been changed to the Horseshoe Fishing and Nining
Company. This addition is to have four fillers and
to be ready for operation during the season of 1902,

Opersting Canne s _dur Recent Year

The number of canneries increased until twenty-
five were operated in 1920, eight on the Nushagsk, six on
the Kvichak, seven on Naknek, two on Egegik and two on
Ugashik. The number of operating canneries has varied

from year to year depending upon fluctuations in the de~

mand for canned salmon and on the owners premonitions as
to whether or not there would be a plentiful supply of

fish. The incressed efficiency of canning mechinery dur-
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ing the past 15 years has resulted in consolidation of
operations; the more favorable cannery sites being used
and the poorer locations being abandoned.

Floating canneries made their first appearance
at Ugashik and Kvichak in 1922 and since then have oper-
ated off and on in the various districts. Reefer ships
Joined the floating operations following the close of
the last war, and must now be considered along with

the canneries in estimsting the fishing pressure on the
run of red salmon,.

Methods of Fishing
Gill Nets

Gill nets and traps were used in taking salmon
for the early canning and salting operstions in Bristol
Bay. Both methods are well adapted to the loeal conditions.
The strong currents, narrow channels, and soft muddy
beaches do not favor seining but the extremely muddy
water permits the efficient use of gill nets.

Alexander (1890) reported that the gill nets
used on the Nushagak were of two sizes, one for king sal-
mon and one for red and silver salmon. The king salmon
nets were 100 fathoms long, 30 meshes deep, the meshes
measured 9% inches stretched. The red salmon nets were

75 fathoms long, 24 meshes deep, and meshes of 6% inches
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stretched measurement. He stotes, "The nets seldom
survive e season's fishing for they are continually in
the water except when undergoing repairs.”

Moser, in 1900, found the gill nets used in
fishing red salmon verying in length from 70 fathoms to
85 fethoms, from 20 to 24 meshes in devth and mesh sizes
of either 6 1/8 or 6 1/4 inches stretched measurement
between knots,

The length of net and size of mesh varied from
year to year according to the will of the cannery oper-
ators until the executive order dated December 16, 1922
provided that: ,

King-salmon nets shall have a mesh not less thsn

8% inches knot measure, and red-salmon nets, after
the season of 1923, a mesh not less thsn § 5/4
inches stretched mezsure between knots. For the
geason of 1923 only, red-salmon nets will be per-
mitted with mesh as small as 5% inches, measured as
ebove. Each fishing boet may be provi&ed with gill
nets not to exceed in length 200 fathoms hung measure.

On December 2, 1924, the regulations were revised
to permit after the season of 1925, the use of red-salmon
nets with a minimum mesh of 5% inches and not over 28
meshes deep.

Set nets were limited to length of 75 fathoms in

the 1926 regulations.
The 1928 regulations provided that the total egre=~

gate length of gill nets per boat was not to exceed 150
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fathoms, but set nets remained at the 75 fathom length.

Set nets were reduced to a maximum length of 50
fathoms in 1935,
Iypes of Fishing Bostis

The gill-net hoats in 1900, as described by loser,
vere regular Columbis River boats with the ususl dimen-
sions of length,25 feet 1 inchj beam, 7 feet 8 inchesj
depth, 2 feet 6 inchesjy capacity, 300 oubic feet. They
had a centerboard and spritsail, and carried, as an
extreme, 1,400 redfish. This type of boat was used in
the Nushagak and Ugashik Rivers while the boats used on
the Kvichak, Naknek and Egeglk Rivers were flat-bottomed
doublenders, about & foot longer than the Columbia River
boats but had the same rig and the same capacity. Two
men formed the gill-net crew -~ a netter and a boat-puller.

The flat-bottom doublenders were gradually re-
placed by Columbia River type bosts, The design of the
boats was improved end in recent years they reached an
over all length of 29 or 30 feet with a capacity of 420
cubic feet and have carried extreme loeds of 3000 red
gsalmon. Figure 2 is reproduced from Moser's report
(Koser, 1902) showing the boats in use at that time.

The Carlisle Packing Company moved its operations
from the Yukon River to the Kvichak River in 1922, and
brought powered gill-net boats into Bristol Bay for the



Columbia River salimon boat.

Columbia River salmon boats and flat bottom salmon skiff,

Figure 2. Types of Fishing Boats, (after Moser).
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first time. Purse seiners also made their sppearsnce
for the first time and made excellent cstches about 25
miles offshore from Fgegik, (Winn, 1923)

Regulations 1ssued by the Recretary of Commerce
on December 16, 1922 prohibited sny further use of purse
seiners in the area and forbid the use of power boats
efter the season of 1923, The regulations forbidding
any power, other than sail and oars, remsined in effect
until the season of 1951 when the regulations permitted
powered gill-net boats not to exceed 32 feet in length.
Number of Boats

Moser records. the number of gill-net hoats used
in Bristol Bay as 146 in 1898, 195 in 1899, and 290 in
1900. The boats in 1900 were distributed in the various
rivers as followss Nushagak 22, Kvichak 50, Naknek 62,
Egegik 19 and Ugashik 37.

In 1923 the number of boats operating in Bristol
Bey were limited by executive order, and proportioned to
the various canneries on the basis of ten gill-net boats
per line of machinery operated in preceeding seasons. A
total of 1,254 bosts fished in Bristol Bay with 352 on

the Nushagak, 410 on the Kvichak, 354 on the Naknek,

72 on the Egegik, and 66 on the Ugashik River. (Bower,1925)
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An act of Congress approved June 6, 1924 gave
broad authority to the Secretsry of Commerce for conser-
ving the fisheries of Alasks, but provided thst regula-
tions must be genersl snd that exclusive rights to fish
must not he granted, Under these provisions the Bureau
of Fisheries, and of later years, the Fish and wildlife
Service, has made recommendetions as to the number of
boats to be used in each fishing district. Any boats
- over the recommended allotment fishing in a district has
been compensated by additional closed time each weéék in
the district concerned. The total number of boats in
the recommendstions for Bristol Bsy has varied from year
to yesr, but hes been about 1000, '

Irsos

Traps were used in the first commercial fishing
"as noted in Petroff's report of 1880, The early canneries
in Alaska used barricedes on the streams as & means of
obtaining a supply of salmon. An act of Congress, ap-
proved March 2, 1889 prohibited the erection of such dams
or barricades in eny of the rivers of Alaska.

Early in April, 1890, information reached the
Commissioner of Fisherles that four cannery firms located
on the Nushagek River hed determined to construct a trep

on Wood River in such a manner as to be in violation of
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the act. The Commissioner of Pisheries transmitted the

infornation to the Secretary of the Treasury with the

suggestion that the necessary steps be taken by some of

the Treasury officialg in that region. The matter was

then referred to the chief of the Revenue-Marine division

with the recommendstion that 1if possible, the captain of
oene of the Revenue~Marine steamers cruising in Alaskan
waters make the investigstion, and 1f necessary, remove
the obstruction and errest the gulilty parties.,

The chief of the Revenue-Msrine division informed
the Commiscioner of Fisheries that the commanding officers
of the Revenue-¥arine steamers cruising in Alssksn waters
would be instructed to enforce the law for the protection
of the fisheries as far as circumstances would permit.

He suggested that the commarnding officer of the Fish
Commission steamer Albatross be instructed to investi-

gate the complaint and enforce the lew if found necessary.
The Commissioner of Fisheries did not have authority to
give directions for the enforcement of the law, and
therefore wrote to the chief of the Revenue-Marine divi-
sion that if the Secretary desired to confer the neces-
sary authority upon the commending officer of the Albatross,
Lieutenant Commander 2. L. Tanner, U. 8. Navy, thet he

would teke pleasure in forwarding same. The acting Secre-
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tery of the Tressury, Hon. Ceorge 8. Batcheller for-
waréed to the Comzissioner of Fisheries an order giving
the commander of the Albatross the necessary authority
to act in the matter and inclosed coples of Treasury
circular of March 16, 1889 in relation to the matter.

Ihe following exchange of communications not only

tells of the conditions found on Wood River but illus-

tretes the dlfficulties of lew enforcement at this time.
(McDonald 1894)

Treasury Depariment
0ffice of the Secretary
Yiashington, D.C. April 18,1890

Sir: You .are hereby clothed with full power gnd
authority to enforce the provisions of law contsined
in act of Congress approved larch 2, 1879, nroviding
for the pnrotection of the salmon flsheries of Alaska,
which prohibits the erection cf dams, barricades, or
other obstructions in any of the rivers of Alaska
with the purpose or result of preventing or impedlng
the ascent of sslmon or other anasdromous species to
their spawning grounds.

Respectfully yours,

Geo. S. Betcheller
Acting Secretary

Lieut., Commander Z. L. Tanner
Commanding U. 8. Fish Commlssion Bteemer Albatross
San Franclisco, Cal.
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g§easury Department,
. féce of the fecretsry,
Washington, D. C. larech 16,1889

TO COLLECTORS ARND S—

The Pollowing gﬁﬁaggucmns OF THE CUSTCMS3
2, 1889, entitled "An Aot g of the act approved Msrch
tection of the salmon fish B i
published for the 1nform:tgries of Aleska" is hereby

"That the e
PP o+ 1nr:g;ig? 2£ dems, barricades, or other
ths © e rivers of Alaska, with

purpose or result of nreventi &
the ascent cf salmon or oth SHETE Op Sipecene
their svawning-grounds, is ﬁr anadromousg species to
unlenful, and the Secrétgr gge:g dgclared to be
by suthorized to insure thgt thi 1 ”ﬁig?ry i
strictly enfcrced i Al B

and to otherwise protect the
salmon fisheries of Aleskaj end every person who
:?gii g; iggﬁdsgg%igy Og i violation of the provi=-
350 Zof sach 4% fntg all be fined th less than
E on.® y o ¢ continuance of such obstruc-

Collectors and other
officers under the jurisd2gﬁggrgfoghggeng‘;::ct)::r’xtam
who may be zssigned tc duty in Aleska, will see
that the requirements of said section are strictly
observedi and that no dams, berricades, or other
obstructions are pleced in any of the rivers of
ilesgi wi€§ the puipose or result of preventing or

mped ing e ascent of salmon or other anadr
species to their spawning-grounds; and §h§u13m§§§
~ such dams, berricades, or other obstructions be
gisgovegié, to warn thzhpersons who erected the same
0o immediately remove them and thereafter report
the persons (with statement of facts) to thepUnited
States sttorney of Alaska for prosecution under the
ssid section, and also to forward duplicate reports
to this Department for 1ts informotion.

Officers of the Kevenue-lierine Service on duty
in Alesken waters are hereby reguired, so fer as
practiceble, to assist officers of the customs in
Alaska in seeing that the reguirements of the statute

are strictly enforced.

Hugh S. Thompson
acting Secretary



On April 23 a letter of instructions was for-
:igﬁegot:hLieut. Commender Tsnner, calling his atten-
o il etexistence of a trep or dam on ¥ood River,
e othhe order of the Secretary of the Treasury
g ?g e Revenue-Marine steamers to enforce the
12 s far ef clrcumstences would permit, and to
veotgeqzest that the steamer Albatross mske an in-

Y stigation &nd carry out the provisions of the law
n case of its violetion. Lieut. Comrander Tanner
was directed to make this one of the first objects
of his cruise in Bering Sea, and to comply with the
instructions of the Secretary of the Treasury as
fully as possible. His report, after meking the
investigation, was as follows:

Unalaska, Alaska Territory
June 15, 1890

Hon. Marshall McDonald,
U, S. Commissioner of Fish and Fisheries,
Washington, D. C.3

Dear Sir:t I have the honor to inform you that the
Albatross anchored in the Nushagak River on June 3.
I visited the four canneries located on thst stream
the following day. They use gill nets almost ex-
clusively in teking selmon, although three of them
heve a small trap in the immediate vicinity of their
establishments. They are gll dry at low tide, and
when fish asre found in them men go in and pick them
up from the grounde.

The fourth cannery had s trap formerly, but did
not find it profitsble. Nothing that cen be called
an obstacle to the free passage of salmon exists in
the Nushegek River.

I learned from Mr. J. W¢ Clark, one of the pro-
jectors, and others, that a union %rap was in process
of cons%ruction in Wood River, and in order to
pscertein the character and present condition of the
work I took M¥r. P. He. Johnson, who has cherge of the
enterprise, and Mr. Clerk, in one of the ship's
boats, and gsteamed to the point indicated, which I
found to be about 20 miles above its mouth,

wood River at that point is a stresm of pure cold
water between 700 and 800 feet in width and 10 feet

deep at low tidej rise, 3 to 4 feet.
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The work of trep-building was in
progress, &

%:g:psggr:en plles having been driven about 360 feet
St netoToy and lying on the bank were a portion of

e neis required to mount the finished structure.
Operations were not sufficiently advanced to enable
me to judge their intention, and I csn only give the
plan as deteiled to me by the builders. Mr. Clark
stated that the plsns contemplated two 40-foot square
traps, with wings extending to the shore on either
side, an open chennel of 100 feet being left in mid-
stream for the passage of the saslmonj that he had
Joined th; elllge?ris? with the stipulation that this
pessage shou e left unobstructed at all times.

In reply to a question, he said thst he had
lived in the country meny years as a fur-dealer, and
the thickly populsted region on Wood River contsined
many of his best customersy hence he would have no
hend in enything thet would injure them. An obstruc=-
tion in the river preventing the run of salmon would
re:glt in sctusl starvation to the majority of the
netives.

Mr. P. H. Johnson, the prime mover in the affair,
gescribig thg g}an: precisely as M:i Clirg hggvggge.

e considere e treps as an experiment inv
too much money to be expended by either of the can- .
neries singly; hence, he had endeevored to interest
all four, and finally succeeded, ir. Clark bhaving
joined them with the provision %bat 8 free passage
of at least 100 feet should be left in the middle of
the river. He said this stipulation wes agreed to
willingly, as they never hed an idea of barriceding
the stream. The inclosed sketch shows the plan as .
given to me by the genelemen mentionedz and the blue
prints (not reproduced) give an accurate idea of the
present state of the structure. It will be observed
that, while a 100-foot channel will serve for the
sscent of salmon, complete barricade of the stream
can be sccomplished with a net of that length, 12 to
15 feet in depth. ¥hether this simple sppliance will
be used depends, in the absence of & Government in-
spector, upon the cenneries themselves.

respectfully
Yoy Tesg ’ Z. L. Tanner

Lieutenant Commander, U. S. Navy
Commanding

Figure 3 is a reproduction of the sketch referred

to above.



* (Jsuuey 133 Je) ‘0681 ‘deqg I9ATY pPoOpM pasododad °f aandtyg

"190) § 04 ¢ ‘oslI {100J 0T ‘I0j8M MO[ uvawW
3% qdop fepim qeej gy, juoqe juiod SIY} 38 SI IOALL OY— "HLON

433J 006 o0z 8._ e_nag

vag

(“\
burpuvwwoy) ‘RavN *§ () “4opuDWWO) IUDUNNINV]
‘“AANNV], 1 7




Unelaska, Alaska Territory,
June 18, 1890

Fon. Marshell MeDonald,
U. S. Commissioner of Fish end Fisheries

Dear Sir: 1In looking over
construction of trapg my letter regaerding the

in ¥ood River it occurs to me
that I mey not have explsined my action very defin-
itely. It is senerally understood here that the act
of March 2, 1889, does not prohibit the ordinery use
of the trap, and that when a practiceble channel 1s

left for the passage of salmon they may lawfully be
used. As I did not feel fully competent to argue
the point I advised them to keep within the law, as
the Government intended to enforce it strictly and
would exact the full penslties for its infraction.

If 1t is the intention of the act to prohibit
the use of treps, I would respectfully sugrest that
it be so stated in & Treasury circuler, It would
simplify matters very much if the Treasury Depert-
ment would state definitely what the canners may or
may not do under the act of Karch 2, 1889.

Very respectfully

Ze L. Tznner
Lieut, Commander, U. S. Navy
Commanding
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This correspondence
ologist of the Commissio;f

8 referred to the ichthy=~
report:

who made the following

U. S. QOmmission of Fish and Fisheries,
Washington, D. C., July 24, 1890
Col. Marshall McDonalg

U. S, Commissioner of Fish and Fisheries:

8ir:s After having consig
Commander Z. L. Tenner, ufrﬁf ;23,1*§§§§3 gﬁnﬁiigt.
2nd 1?: }390’ referring to the conétrucéion of a
rap in %oocd River, Alasta, I respactfully offer
my opinion thet such s con%rivance for the capture
of selmcn 1s ef the nature of an obstruction which
would impede and in ell probability, prevent the
:fcent of selmoen to their spawning grounds. It is,
erefore, clearly a violetion of the sct approved
Herc?ggéL§28§, alggrtion of which 1s quoted herewiths
r O --=- An act to provide for the
nrotection of the selmon fisheries of Alaska)

"Be it enacted by the Senate and House of LRepre-
sentatives of the United States of Americe in Con-
gress assembled, That the erection of dams, barri-
cades, or other obstructions in any of the rivers of
Alaska, with the purpose or result of preventing or

purpose or res of preventing o
1mpediag the ascent of salmon or other ansdromous
species to their spawning-grounds, is hersby declared
- to be unlswful, and the Secretary of the Treasury 1is
hereby autherized and directed to establish such
regulations and surveillence as mey be necessary to
insure that this prohibition is strietly enforced
and to siaeivwiso protect the salmon fisheries of
Alaska; and every person who shellfbghiound %gilty
of a violation of the provisicns o s section
shall be fined not less than £250 for each dsy of the
continuance of such obstruction."

It hes been demonstrated thet traps in salmon
rivers will speedily exterminate the salmon. New-
foundlsnd furnished a satisfactory illustration of
this fect. So well is this matter understood that
British Columbia forbids altogether the capture of
salmon in narrow reaches of streems, and the rivers
a re guarded to see that the close lime and other
regulations - are observed; the length of nets and
their size of mesh :are fixed by lawj even the offal
from canneries is not allowed to lie in the way of

ascending fish.



- 25 -

The Alaske salmon 4
ggt gigh. T?ey prefer t:ms er
e luture of the bu
them they must or be oyensonr Lo7Sible, but get
In their efforts to W*nercome by financiel disasster.
stretched nets across-ttsuC?ess they have often
i@ meuths of small streems
and prevented the salmon from going u ti1
Sufficien§ number head collecteg togmeﬁeug goog
seine haul possible, They have erected traps in
rivers in such & way as to stop ever salmog from
ascendin da P y
ble b € and, in some cases, ectuslly built impas-
z§%1:91;rzizigegbt°dﬁrevent the escent cf fish
! 2Ly 1 ¢ demands of the ceanreries were
gagigfé;déutpvin when fishing repgulations were ad-
pLe ual agreement among the firms interested
%ggégégzal infractions of the rule were only too :
r A ®
The trap men on %ood River are building upon
ggefggil-ﬁnownlhabizhéf the quinnat (or £ing salmon)
iowing along e shores in shallow water to
escape’ from enemies. All the conditions, both
natural and invented, will favor the entrénce of
salmon into the grea£ inclosure at the end of the
1§§$er g; ?ettiggs In all probebility few selmcn
will sw in midchannel send reach the upper waters
and lake sources of the river, and it will always
be possible to cut off this remrant in the manner
sugvested by Lieut. Comnander Tanner andtactually "
practiced by fishermen on occasions, thaet ol stretch-
ing a seine scross the open water. ’If the Government
should interpret its act so es to allow the use of
treps, in spite of the unfortunate outcome of such
applisnces in neigkboring countries, it should then
prescribe rcguletions for the conduct of the fishery
and appoint agents to see that the lews are enforced.
If these matters ere left solely to the discretion
of the individusls heving ¢ finencial interest in the
fishery, there :%iilsoon be no salmon to protect.
Very respec ¥y

e in the territery to
get them without injury to

T. He Bean
Ichthyologist
Us Se Fish Commission
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The papers relatin
River were transmittedgtgotggaszggzzgggig? :g -
Treasury by the Commissioner of Fish and Fi .
with the following letter: shories,

Washington, D. C.,July 31,1890

To the Secretery of the Tress

Washington, D, C.: il

8ir: Referring to your co
last, forwerding toyLieug.mgg;;:;g:gnz?fopgiinég
U, S. Navy, commanding the Fish Commission stesmer
Albatross on the Pacific coast, a letter clothin
him with full power to enforce ' the provisions o%
the Alaskan salmon law, with

’ speclel reference to
obstructions xhich it was reported were to be con-
structed in the Nushagsk and %ood rivers, I have
the honor to transmit herewith for your consider-
g:;2¥yfevera1 documents bearing upon that subject,

Copies of two letters from Lieut. Commander
Z. L. Tenner, with their inclosures, dated Unslaska,
Alaska, June 15 and 18, end s copy of a letter from
gr. i. ?. Begn% éc?t?yo%ogist of the U. S. Fish

ommission ate uly 24.

Lieut.’Commander Tanner reports having visited
the Nushagak end %ood rivers on June 3. He found
no obstructions in the former river, but in the
Tood River two traps were in process of construc=-
tion, with wings leeding the shore and leaving a
pessageway in the middle of the river 100 feet wide.
Not feeling competent to judge if these traps formed
an obstruction to the ascent of salmon within the
meaning of the law, Lieut. Commander Tanner did not
fecl justified in carrying out the provisions of
the law without further 1nit£gctignsifrgm Wgshington.

Dr. T. H. Bean, whose letter is inclosed, may
be considered es one of the foremost suthorifies in
this country respecting the habits of the Alaskan
salmon. He paid speclal attention to that subject
during two official visits to Alaskai the last visit
having been made a year A8go, in obedience to instruc-
tions from Congress contained in the act of which
the law now referred to forms a pert. In his opinion
the building of the traps in Wwood River sccording to



the plan submitted ny Lieut, Commander
be regarded ss nn infringement of the
that opinion I fully conecur,

Should you desire to have further instructions
respecting this matter sent to Lieut, Commander
Tanner, I shsll be plesseqd to transmit the same
withou£ de

lay, although, on account of the irper-
fect mall srrangements with Unalaska

I fear they
may not reach him before the close of the season,
Very regpectfully,

Tanner should
law, and in

M. McDonald
Conmmissioner
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To the forepoing communication the Acting Secre-
tary of the Tressury msde the following reply:

Treasury Depertment,
Cfi'ice of the tecretary
vashington, D.C.,August 13, 1890

Hon. Marshall Mclonald

U. 8. Commissioner of Fish and Fisheries,
Washington, D. Ce3

girt 1 resvectfully &scknowledge the receipt of your
letter dated July 31, 1890 with the following inclo-
sures:

Coples of two letters from Lieut. Comrmander
Z. Lo Tznrery, U, S. Navy; one sketch end two blue
prints of »ood River, Alaska, and one letter from
or. Te He Bean, ichthyoloyist, U, S. Fish Commission.

The corresgondence above mentioned has becn
carefully reviewed, and you ere informed thst it is
the decision of this Depertment thsot the erection
of traps as described by Caot. Tanner, or sny other
permenent fences, dams, or barricsdes in any of
the rivers of Alaska, whether they extend wholly or
only in part ecross said stresm, is en imdediment
to the sscent of salmocn or other anadromous species
to their spawning-grounds, snd is cleerly a viola-
tion of the act of ierch é, 1889,

The Nenasrtment will be plecased if you will in-
form Lieut. Commander Tenrer of its decisicn in this
cazse gnd instruct him to warn the narties who erected
seld trans, or sny others of like nature that may
corte to his notice, to immediately remove the same
and thereafter to reosort the persons, with statement
of facts, to the United Ttates attorney of iAlaska
for prosecution under asct Herch 2, 19,89i and elso to

s

forward & duplicrte of his resort to th PDepartment
for its informstion.

Respectfully yours,

0. F. Spaulding,
Acting Secretery
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The following communication was therefore
transmitted to Lieut. Commander Tsnrer, advising
him of the ruling of the Tressury iepartment.

vashington De C., August 15,1890

Lisut. Comrander Z. L. Tanrer,
Commsnding Fishk Cominisszion Stesnmer Albatross,
Unaleska, Alaska

Ferr Sir: Your letters of June 15 (179) snd 18 (182),
relative to your visit to the liushegek and vood
rivers in ressect to repjorted obstruction to ths
escent of salmon, czze duly to hand and were referred
to the Secretery of the Tressury for his informetion.
In connection with them, I also trensmitted to the
Secretery of the Treasury & repnort by r. Been,
based uocn ycur letters and describing the irevit-
gbtle effect of the constriuction of such traszs ss
trose now being constructed in the Yood Xiver. A
cooy of Dr, Fean's renort is herewith inclosed, &rd
glse 8 cony of B letter just received from the
Acting fecretary of the Treessury, in which a decis-
ion 1s rendered thet tle "ood aiver traps are a
violaticn of the ect of Xerch 2, 1839,

Should this communication resch you in time
you will proceed to carry out the request of the
Tragzsury “enartment es stated in tle letter of the
heting Cecretary.

Very respnectfully,

e Mclionald
Cormissioner
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Moser's obsefvation of traps throughout Alaska,
g8 well as 1in Bristol Bey, prompted him to moke the
following comments which ere not only of histcricel
{nterest but should be ccnsidered in 1ight of the in-
fluence that these traps may have had in relation to our
present problem.

Traos, used extensively in the Bristol Bay
district, are a subject for criticism throughout
Alaska. They are ex-ensive to build znd reintrin
but heve many edventages to the cenrer. The groe%
benefit of & trap is not cnly that it fishes dsy
and night, but, 1f the run is heavy for e few days
end the cannery fully supplied by the gill-netters,
the fish in the trnvos can be held for a time until
the catch of the gill-rietters 1s slack. The-e
advantrsres heve frequently led the traimen beyond
the limits of the lew, and the time has ccme wlen
the use of traps rust be regulated snd the lew
enforced, or else they must be sbolished. Having
in mird now the vhole of Aleska, it I1s my opinion
thet 1f this be not cone they ulll work a greet
injury to the fisheries.

Trans cetch not only the salmcn wanted, but all
other snecies of sg’mon and other fish not wanted.
Practically &1l fish t:ken in the trszos, exceut
redfish, sre werste, end until one sces {he tons of
this vaste product, one can not rcelize the narni-
tuce of this giasnt octonus that rrasns everything
in its tentecles.

Fish vwere very plentiful this yesr, end the
geill-netters were sble to suv»ly most of the fish
used. It ves sald on this eccount that traoss took
rore fish tran were wanted, end that they were fre-
quently o»neried to let the irmpounded fish escance. This
statement mey be true, but there rnever wes & cat that
held 8 mouse with more tenaclity thean a canreryman
holds & selmon, snd it is doubted if a salmon of
choice snacies is ever sllowed to escane as long as
it 1s fit to be put inside a tin can.
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I heve said here thg

t practicell
taken in the traps, except redfisgh ngltegigh
This should be slightly modified, In ¢

ough practi-
cally it is truejy yet, in justice to the
it mey be sald that the records of the Da::n?zgymen,
years show that, besides redfish, on the average
less than 8,000 cases of nd 8,000 cases of
alllotgei :picées ggre packed per year in the
whole Bristo ey striet, and so
doubthwere teken in traps.' e S5 Hhieser i

There 18 question erising in m i

can only be stated and le % D e Tow

ft for the future to de-
cide, ss followss Traps tske a1l fish of all

sizes; glll nets teke only the large fish; will
gill-net fishing result in decreesing the size of
the fish?

In one locality trap men informed me that trap
fish are more expensive then gill-net fish. In
enother place it was said that this yesr two gill-
net boats secured more fish then one trep, but when
asked why the traps were maintained the reply was
that the fish were held in the traps until wanted.

One cenneryman, whose resources seemed limited
and who did not feel able to maintain traps, frankly
seld that traps should be aholished; but, when
asked if he belleved that treps were injurious to
the fisheries, he was equally frank in saying "No."
The motive is evident,

The traps used are of the generazl type illus-
trated in my report of 1897, pesge 170. They consist
of the usuel shore and channel leads, with hearts
end nots, but there ere all kinds of varistions
to meat locsl eonditions or the fancy of the "trep
boss", Some heve two poti snd sgme have edditionsl

dages in the shepe of corrsls,.
appego:gonly ig the first cost of a trap in this
country large, but its meintenance forms & blg item
of expense, All piling must be 1mportedi and ;ge
strong currents freguently dsmege both plles a
web. The piles sre pulled up when fishing :?8898
on account of the ice, &nd are redriven 1? @ i
soring as soon as the ice 1s out of the rtvzi e
before the fish begin to run. The larﬁest : ggo

in the Bristol Bay district had ebou ’
et -4 ther complex way, with
feet of leads leid out in a re i corrél.
two pots, 75 feet by 75 feet, and a larg
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The above mentioned trap was located on ®ood
piver ebout 15 miles from its mcuth, The sccompanying
gketch, Flgure 2, was included in the Teport. (Moser 1902)
The food River trap contirued to operate until an order
of the Secretery of Ccmrerce and Labnr, dated Tecember
19, 1907, closed to all comuercial fishing %Wood River
and the ares within 500 yards of its mcuthe

In 1930 there were four traps in operstion on
the Nusheagak River, onc.on the Kvichak River, two on ’
the Neknek Lilver and three om the Ugashik filver. [igure
5 and Figure 6, showing two treps in operation in 1500,
one on Kvichak Eay and one on Rushagek Bay, are repro-
duced frcm ¥oser's repcrt. (oser 1902). The number of
traps in Bristcl Bry incressed until 1906 when a total
of 17 were onerated. The number declined to eight in
1914, &1l of which were loceted on the Nushagak. Unly
three, all on the Nushagak, were in operation in 1920
eand did not agsin excecd that number. It would eppear
that the special regulations for Bristol Bay contained
in Department of Commerce Circular llo. 251, ninth
edition, Januery 9, 1923, restricting fishing to gill
Nets except thset traps opersted in 1922 mey be opersted

in 1923, worked no particular hardship on the cenneries,
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Fishing Hegulntiqng

rarl Rerulntions

The "ood River incident of 1890 serves to

y1lustrete the difficulties of enforcing such regu=
1stions as oxisted at tret time. Conditions inproved
very little, 1f any, during the next thirty years.
Rich (1928) 1in speaking of kristol Bay, sums up the
gituation by saying, "Un to 1922, then, 1t is safe

to say that the catch of salmon hzd not been affected
moterially by legal restrictions."

Dr. Gilbert, following his survey of Bristol
Bay in 1919, (Cilbert & C'kislley, 1921) had emphasized
the nced of regulations, but his warning was not heeded
by Congress.

£8 a last resort end as more or less of a

temporory mescure pending the passage of adecuate
lrws by Congress the President, under date of
November 3, 1622, sirned sn Fxecutive order create
ing tke Sowthwestern Aleska Fisheries reservetion,
including the waters of RBristol Rey, Cook Inlet,
end the Xcdiszk-Afognak rezion. (Gower 1923)

The oreg ¥wos administered by the Secretery of
Commerce under this order until Congress by Act of
June 6, 1924, pave the Secretery of Commerce broad
authority fer conserving the fisherles of Alaska.
Under provisions of the President's Reorganization
plan, made effective June 30, 1940, the Buresu of

Figheries and the Bureau of Biologicsl Survey in the
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Depertment of the Interior, with their respective
eunctions, were consolideted into one egency in the

pepertment of the Interior to be known es the Fish end

wildlife Service,

gumpary of Fishing Repguletiong

The following is a summary of the Federal

pishery laws end regulstions affecting the selmon
fisheries in Bristol Bay:

Act of Nerch 2, 18%9,

“ection 1. Prohibits erection of dams or
other obstructions in selmon streams.

Section 2. Directs Commissioner of Fisheries to
investigate salmon &nd sslmon fisheries of Alaska.

Act_of June 9, 1896, amended and reenacted by act
of ierch 3, I@@Q, Ireasury Deoertment Circular Lo.8,
1902, division of special agents.

dection 179. Prohibits erection of dams, bar-
ricaedes, fish wheels, etc., in salmon streams.

Section 180, Prohibits fishing sbove tidevwater
in strerms less than 500 feet in width, except with
rod or snear; setting gear across tidewsaters cof
streams for more thsn one third the width or with-
in 100 yards of snother net or seine in such
streams or channels; fishing from midnight Friday
to 6 a.m. Sundsy, excest in Cock Inlet, Prince
“1111iam Sound, end hering See; fishing boetween 6 p.m.
end 6 a.m. except by rod or spear, in strcams less
than 100 yerds in wicth,

Section 181, Authorizes setting aside stresms.
for s»awning grounds, close se:sons, end limit~tion
of fishing sesson, but only after giving s hearing
to interested parties.

Section 182. Provides penalties.
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ret_of February 12, 1903, Dens rce
end PrbortCIrcular NO, 45, §Q;r§89“§92§ SntE

liepeats sct of Yerch 3 1899 ’chn;vln author-
jty to Cepartment of Commb%ee ané Leio;. ’

prct of June 14, 1906, Ne o
Lebor Circular Lo. 136. partment of Commerce &

erohibits sliens from o
of Alaska. om fishing in the wate

Act of June 26, 1906, Department of Commerce snd
gab§§69C1rcular o, 136, supersedes act of larch
’ 7 L]

Section 5, FPrchibits fishing between 6 p.m.
Seturdey snd 6 a.m. Pondsy excest in Cook Inlet,
Copoer Hiver Teltes, &nd Bering Ces, snd betveen
6 p.m. and 6 a.m. in any streams less than 100
yerds in =1dth. Provicdes for closinz of trap and
onening of heart wslls of traps curing weekly
closed seascn,

Section 6. Authorizes reservetions for snewn-
ing and limitztion or restriction of fishing sfter
giving heering and in case those engaged in cetch-
ing do not maintain sdequste hatcherios,

trder of Secretary of Com~erce and Lehor, December
19, 1907

Closed to all commercial fishing %“ood River snd
the ares within 500 yerds of its mouth.

totice to Packars by Commigsioner of Pisheries,
pril 18, 1508,

cronibits use of salmon bellles only without
utilizing remaining edible portions of fish.

Nevartment of Commerce snd Lebor Circulsr Ne, 192,
dpril 24 , 1409

Kerulations of Nuresu of Fishaeries, Alaska
Fisheries Service Circular Yo, 2, Verch 10, 1911,
“rovides for numbering of fixed fishing apnliances.

;;;;rtment of Commerce Circular No, 251, August 19,
“Repeats gets of June 14 and June 26, 1906, chang=-
ing authority to Department of Commerce.




aAnncuncerment, Tevertazent of Aericulture, bureey
of Bloloricel furvey, April 12, 1914,

pPermits to fish required in Aleutian Island
Keservation,.

pepprtment of Cormerce Circular Ho, 251,second
edition, kay 4, 1515,

Gives scts of June 14 gnd 26, 15063 general
repulations providing for (1) inspection, (2) num=
bering of fixed apslisnces, (3) filing of lebels,
end (4) waste of backs. kegulstions in Afognak

Keservation. Kegulations in aleutian Island
Reservation.

Closing orders:
l. #romulgated Tecember 19, 1907. Closes
fishing in “ood and hushagrk rivers snd
within 500 yards of tlie mouth of Wood River,

Lepertment of Comrerce Circuler Fo. £51, sixth
eiition, Jeanurry 2, 1920
nevised as to closing orders which are as
follovws:
3. Southeastern Alsska and between Canes
Soencer and Newenham (all of Alaska south of
Cazpe lewenham), December 23, 1919, This com=
bines the orders for (1) iood &nd Nushefgszk,
(2) Cook Inlet, Xyok Lske, Anan, end kaha,
(3) sesrnes Lake, lietta, and Cockeye Creek,
(4) Karluk, and (5) 3ering Biver end South-
eastern Aleska, masking genersl provisions as
fcllovst
(2) vest of Csne Spencer. Prohibits
fishing within 500 yards of stream mouths
excent ==
(d) Ugashik River, Fishing permitted
below & line 500 yards below mouth of
King Selmon River.

Densrtment of Comnerce Circular No., 251, ninth
edition, Januery 9, 1923
Alaske Heninsuia heservetion repulstions in-
clude limitation of gesr &nd fishing operntions;
otlherwise essentially the ssme as for 1922,
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Southwestern Alesks Fisheries Reservation
gstablished by lixecutive order, November 3, 1922
recsulations therefore promulgaéed on Necember 16,

22,

12 Districts and zones defined; vermits to oner=-
ate requireds nack, gesr, snd operstions to be
11m1ted; tsking of selmon for fux food permittedj

urse seines prohibited; transnortntion of salmen
between districts or zones outsice the reservation
prohiblted; transfer of salmon from one plant to
ancther prohibited in Cook Inlet and xKodlsk dis-
tricts.

Buying from natives nermitted, but salmon so
bought come under pack liritsticnssy fishing pro-
hibited 1n Chinik Inlet; specisl regulations for
sristol Bay:

1. Transhortation hetween Nushegek and ivichak=

Naknek-lizeglk distrlet prohibited,

2, Fishing restricted to zill nets excent

that trsns coperzted in 1922 may be used in 1923.

3. Limits size of nets and mesh,

4, Use of motor hoats used in 1922 permitted

in 1923, sfter which they are prohibited.

5. Fishing season for reds, June 26 to July 25,

6. Fishing for king sslmon may begin before

June 260

Act cf Iune A, 1324, DNenartment of Commerce Cir-
cular No. 251, tenth sedition, June 21, 1924,

Section 1. Gives broesd authority to fecretary
of Com:erce for conserving fisheries of Alaskaj
suthority given to establish areas in which fishing
may be nrohibited or limited by (s8) limitetion of
size and cheracter of geer, (b) limitation of catch,
and (e) limitation of time, meens, methods, and
extent of fishing. S&uch regulstions wust be cf
Feneral apnlicaticn end exclusive rigits to fish
sh2l]l not be grented; act does not aflect snecified
¢losed arers; prohibits imoortation of selmen
taken during closed periods.

Section 2. Not less than SO per cent escane-
ment required in streems where counting weirs are
maintsined.

Section 3. 2Amends section 3 of the sect of June
26, 15063 prohibits erection of dams, trans, etc.,
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in waters less than 1,000 feet in width or within
500 yards of salmon streem mouths ercept at nariuk
and Ugeshiky »rohibits setting of veer within 100
yards of othar gesr or to drive e trap within 600
yards laterally or 100 yerds endwise of another
IreDe
i Smction 4. Amends section 4 of the sct of June
26, 19063 nrohibits comrercinl fishing in streams
or within 500 yrrds of stresm moutks, excent at
rarluk and Ugashilk,

Section 5. Amends section § of the act of June
26, 19063 nrovides for a weekly closed serson from
6 t.m. Seturdsy to 6 a.m. iondey and for the proper
closing of trsns during closed seasons.

fection 6., Vroviies penslties for violations
of regulstionse

Secticn 7. Kepeals sections 6 ané 13 of the

act of June 26, 1996, suthorizing reservetions snd
providing neralties

Executive Crders MNos, 4020 snd 4321, June 7, 1924

tvevoke orders estzhiishing Alaska veninsula and
Southwestern Aleske Fishery heservetion.

Rezulstions for 1426,
Tiimits length of set nets to 79 fethoms.

Resulatlions for 1928,

Limits boats to totel of 150 fathoms of pille-
netse.

Reruleotions cf 1939
nimits lencth o% set nets to 50 fathoms,

Act of k»nril 7, 1038,
iRequired two yesrs residence on the Bristol

Bay wetaershed in order to rish by meens of a set
net,

det of Jvne 25, 103R,
“ntitled "&n lLect to vrevent Aliens from Fishing

In the :.aters of Alaska" becsnme eflective June 25,
1941,
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Seas. in Certain Aress oghtgzsﬁigg
rrovides for the e .

gones 1in steblishmen

to the cozgiiaé? ifeas of the higz §§a§°§§3€§°§§°n
activities have b - United Stetes wherein fighiu8
oped and meintaine?n OF 1n the future may be devg%-
nstionsls elone, eghgnca substentiel scele by its
explicitly bounded aom onservation zones will be

subject to regulation erd to f.ch fishing will be
b by gulation end control of the United

Estsblishm
ent_snd Growth of
Bristol Pay Communitieg

The population of Bristol Bay was almost entire-
1y composed of nastive Fskimos and Aleuts when the

cenneries first came to Bristocl Basy., The ccmpanies

brought the necesssry help needed to cstch and process

the fish., Some Natives were employed by the canneries

as noted by koser.

The canneries gladly employ every native who
is willing to work; nay, more, they seek for this
labor in the villages and offer every inducement
for them to work, and would employ many more if
they could be obtained end were relisble. This 1s
not done for chsrity's gake~--the canneries are not
in the field for that purpose, thiough: they are fsr
from being uncheritsble--but beceuse the lsbor is
needed, particulsrly when the rush is on, and for
which profitable provision cen not otherwise be

made.

When shore jnstallations were built it became

necessary to leave some one in cherge of the property.
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The winter vetchmen were recruited frum those sumong
the crew who had developed a liking for the couniry
gnd were willing to soend the winter in more or less
ysolation. Two men were generally retained as ws tch-
pen, and this has been the uractice to dete. From
yeor to year cthers of the crew decided to remain for
the winter. Following the gold strikes of Nome and
Fairbanks & few prospectcrs mede their way into the
region, and some of these men st:yed to fish during
the sumrer and to spend their winters trapping and
prospecting in the headwaters of the verious rivers.
In this way small settlements spreng up eround the
canneries. All depended on the canneries for their
needed sunplies, &nd the csnnery vessels brought in
sunplies for the treders as well.

Puring the sesscn of 1923 a total of 89 permits
were issued to residents of Eristol B.y, of whom 58
fished indeperdently and gold their cetch to the can-
neries. Of the remaining permittees 20 worked cn com=-
peny bozts, two worked in e cannery, and nine others
did fish, (Bower 1925). In addition a few residents
fished on comnany permits end a few more were employed

in capacities other then fishermen,
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The esteblishment of redio cormunicetion snd
¢tne developrment cf eirplene trenscortstion efded in
naking the area 8 more sttractive plece inm which to
1ive. During the 1520's rany of the cannery employees
remained to make the various villeges their homes. A
few femilies roved in from the St-tes. Meny of the
natives sourht work at canreries both as fishermen and
cennery workers., Elowly but stefdily the communities
of Bristol Bay grew, The mencvower shortege during the
war years made the cenneries more dependent upon local
labor. Py 1945 the residents furnished ebovt helf the
fishermen srd & substantiel number of the cghrery
workers employed in the Pristol Bry fisheries. These
people, permanent residents, devend slmost entirely on
the s2lmcn fishing fcr their livelihood. COf recent
years the policy of the governrent has been to develop
8 resident povulation in Alsske in the interest of
national defense. The conservetion problems conrected
with pernetusting the selmon runs in Bristol DLuy have
become more opressing than ever before, A great natural
resource, @ wey of life for meny people, and a vital
link 4n the defense of the ccuntry ere all tied in to-

fether, meking the solutions of the conservation prob-

lens imperative.



PART II

BIOLOGY AND ECOLOGY

Ability of the Run to Sugtain Itself

A11 competent observers visiting Bristol Bay
down through the years have expressed concern over the
ebility of the salmon run to sustein itself., Although
¥oser (192) saw no evidence of depletion at the time
of his visit, he foressw the expsnsion of the fishery
and predicted that in the absence of proper laws with
enforcement these.stresms would in time be depleted.

Gilbert end O'¥alley (1921) in theilr survey of
1919 warned that retrenchment in eny streem is celled
for when the crests of the pack grow lower and the
troughs deeper. They believed that the maximum red-
salmon pack in Bristol Bay had been resched, and wes
in danger of decline if the scale of operations contin-

ued unchenged. They urged that the ususl precsutions

should be taken to provide a larger spewning escapement,

pointing out that in this district unlimited fishing was

- 42 =



permitted, without sessonal or weekly closed seasons,
or protected arcas. Their recommendations for Bristol

nay were 8s followss

1. That the Buresu of Figheries seek to have
the present law amended in such wey thet no Alaska
districts will be relieved from the recuirement of
a weekly close seeson of 36 hours, during which no
fishing 1s permitted. RBristol Basy is now one of
severel soecifically exempted regions. No velid
reason aside from the desires of the salmon packers
can be assigned in eny of these ceses. All are in
need of the osrotection that would be afforded by
this reguletion.

2. That 81] the Bristol Bry rivers be closed
to commercisal fishing &t sll points above their
mouths, and that the mouths of these streams be
determined by the Secretary of Commerce in his
discretion, and that sultsble marks be erected.

3. That a further attemnt be made to enforce
the provision that fish shculd be casnned or other-
wise preserved within 48 hours after their canture,
Cne of the worst and most westeful features of the
Bristol Bry fisheries is the custom, during heavy
runs, of permitting the deily canture of fish fer
in excess of the cavacity of the cannery, with
resulting deily accumulsaticn of stele fish. This
is done in anticioation of a slackening cf the run,
which will permit the cennery to catch up with its
hoard of fish., Eut the run sometimes ccntinues
for an unexpected period, and the weather may turn
excenticnally werme. 7Then the stslest fish of the
gccumuleted lot must be crnned esch dey, or one or
more days' cetch must be thrown away. %he regula-
tions should be so enforced that not more than one
day's surplus shall be on hand at any time. This
vould remove a1l dangers from the Bristol Bey pack
and would st the ssme time be & powerful aid to
conservation of the fisheries.

Rich and Ball (1528) believed that an increase
In the size of fluctustions might be an indication that
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the fishery hed been developeq to the danger point or

that depletion had occurreq Blready, and found thats

ggeB:?gtgiug: oﬁ the fluctustions in a1l districts
ulsrit ti as been Increasing with considerable

;egth. trgﬁﬂs g; corroborating the evidence given

e Sy generzl depletion throughout Bristol

The annuel report for 1940 (Bower 1942) des-
cribes the conditions in thet yeer ss follows:

A survey of the s
airplane, showed thst
seeded were

pewning grounds, partly by
the only places adequstely
those where spewning occurred early.

The report for 1941 (Bower 1943) states,

The red salmon run in Bristol Bay was one of
the poorest from every standpoint, for which any
record exists., The failure came as a complete
surprise for sll indicetions pointed to runs of

at least normsl volume. “With one or two except-

ions, all streams in the district were poorly
seaded.

Success or feilure of the runs in Bristol Bay
ha ve been messured by an estimstion of the escspement
end the catch per unit of gesr engaged in the fishing
operations of theat particular year. The experiences
of the 1941 season illustrate that this procedure is
not necessarily s measure of the well being of the fishe

ery.,
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llevelopment of sn Index to_the
puccess of tre seturn

yeed_for_an Index

Thompson (1945) in the studies of salmon runs
of the Frazler Rlver developed an index based on cetch
recordse The reascns for using cateh records, end the

uses of the index are best explained in the languege of

the bulletin.

There 18 some resson to believe that the totel
catch will vary more widely than the escajement
end form & more sensitive index to the chanres in
nunbers of adults., The salmon pass throush a ser=
les of fishing grounds, in each of which they
may remain for varyving neriods of time. Esach
fishing area 1s like a reservoir, in which the
ebundance, as the fishermen sees it, 1s the accum-
ulation due to dslay in vassare as well as to the
magrnitude of the stock of fish, Telay may vary
with the sezson or the race. Unon the residue of
the accumulation, after the cetch s tzken, or
upon its size at tne moment of unstreem movement,
must denend the escrpement, Flshing cnerations
tend to reduce this residue to vhere the profit
beccmes insufficient. In a year with big runs
there are many men fishing full seasons, reducing
the accumu?’ation. In & yeer of pocr runs there are
few fishermen, essily discoursred. The occumuletion
and tlherefore the escspement remains corres-ondingly
higher, perheos nronortionetely euual to that in a
big year. The resultent effect may be 2 reguvla-
tory one tending toward, but not attaining, a con-
stant escapement, and shifting to the catch many
of the me jor netursl veristions in the runs. If
80, &an index besed on the certch should be more
sensitive to the fluctuetions we are studying,
than would be the totsl run,
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On page 223%

It is convenient to exoress the return of
any £lven spevning es the coctch four yerrs hencee.
thus if the catch in 1900 ware 400,000 cases, a
return four yeecrs lester of 400,000 cs-es, OT 150
per cent, would indicate thet e crteh wss beling
paintained. If the cetch were 50 per cent of the
parent yesr, thet would inilcste & decline, OT &
partiel feilure of the crtch--whatever tie ceus@e
Such & velue constlituted an incex to the success
of the return. This methcd of ststing the siccess
or feflure cf & ceteh s in corcon use, but 1t has
not been used consistently in studying the history
of the fishery, end its velidity for thet nurovose
has not been examrined,

The incex values es given hereafter are sctually
percenteges unless otherwise strted. Thus the
ratio of the catch in the year cf return to thet
of the perent year is given s 100 snd nct 1.00.

% 4 Co is thLe cetch of the parent yeer snd C, that

of the return the index is gi.
o]
Interpreting the Index

He cazutions thzt the greshis prepared from
percentege index of success of return should be inter=

preted with care.

As slready noted, it expresses cnly the degree
to which the catches of tle individusl yesrs of
tre four-year cycle are renroduce, at whetever
level of grhundence the reces concerned say be at
tiict tire, OGnce the cestch hes risen or fallen to
& rews level the 1ndex merely shows wlether or not
that level 1s mzinteined. This 18 & necessary
characteristic of such an index.

Loreovar, the value of tiie index rises =nd
falls sccordinzly as the cstch of the return yeer
resresents 8 larger or smaller fraction of the
totsl run for the yesr then does the catech of the
parent year. A correction is given for this . « &
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This correction 1q included under a study of the effect
of amount of fishing on the index,

The f211ing line that the index takes in a new

fishery that is using en Increasing portion of the
run, expresses the period between its beginning and

its meturity,

The chengs shown should be charscteristic of
ell fisheries during first development end is a

useful expression of the spproach to full utili-
zation,.

&8s the catch of the psrent year approaches the
catch of the return year the index will apnrosch 100.
Periods in which the returns from the fishery are
below that of the parent years will have an index
velue of less than 100, and sre to be considered per-
iods of decline.

Two tynes of statistics were available for the
Frazier Riﬁer work, one the number of cases packed and
the other the number of fish caught. The number of fish
taken per year was calculated from the number of fish
required to pack & 48-pound cese of salmon. The index
was cslculated from both types of statistics and the

result was the ssme for the purpose of showing periods

of depletion.

=
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: Thompson then goes on to say
’

Before using the index freel

exaginedtwith care. The possiblz :gtggg:t?:e of

a rect measure of the totsl run in the form of a

g;azuzz?:ngfogerelativg sbundsnce, such as return
er or effort, mus .

And two sources of possible'erro: g; iﬁﬁsiﬁgﬁid

deserve speciel attention., The first is the ex~

istence of other than four-year-olds in the return

runs. The seccnd is the direct effect of the

amount of fishing on the
run taken as catch. oroportion of the total

catch per Unit of Effort

Cateh per unit of effort, snd 1ts use in con-

nection with & sslmon fishery is commented on in this
menners

If a measurement of sbundance reflects the
changes in the total run, then 1t can be used s&s
enother basis for cslculation of the index which
was derived sbove directly from the catch. There
is aveilable for use thus the "index of abundance"
given by Rounsfell and Kelez (p. 772).

These suthors mede #n exhaustive examination
of available dats and they indicete the possibil-
ities in such a measurement. This was designed
to discount changes in amount of fishing effort
and is essentially a cslculeted catch per unit to-
reflect the year by yesr chenges in the total runs.
Their messurement of "abundance" in the osrent '
year has been compared here with that in the year
of return. This gives an index derived from en
index, & rather unsetisfectory procedure from the
standpoint of compounded errors.

The chasnges shown by this "index of abundance"
for years prior to 1926, hence during the two
main periods of depletion, are roughly the seme as
the index from the pack. It is plain that correc-
tions available to Rounsfell and Kelez have not
destroyed the evidence of depletion in the two

periods.
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(njections to Use of Ceteh nep 1t of Effor

However, this "index of abundence" eannot
loglcally be used in thig yg * In various othep
fisheries, such gss halibut, the cateh per unit is
regarded 88 reflecting the slze

of the accumulated
stock present at the

time the csteoh %8S mede,
But in the szlmon the cage

is entirely different.
The cetch per unit cannot r

the yeer's run in any simpl

le direct way, when the
eateh epproaches 80 or g0 P

er cent of the whole
run, as 1s deemed probeble in

these salmon rivers,
there is not much scope left ¢

or the incressing
ber of boats, fishermen, or trans to enlarge
2;2 catch, So éoubling or'trebling their number

ply divides the catch sccordingly., To do so
siiésyan average catch per bost or ner man or ner
: reduced nearly to & half or third, even though
:ﬁ:ptotal run is as large. Hence the average catch
per unit correspondingly fails to {egregggtlggg
"abundance“.d ;?agdlathgetgigamg; thg run (cétch
analysis be defined a o
e sagenest 1 b il il
gl : it would indicate this
a run when the cstch per un Aoyl
hool of migrating ’
size of run for any sc . By the very
B g Ty caggh gggégg cangot be defined
nature of the fishery t gmmand. e e oo
by any means now at our ¢ afity of Beglirming Tor
ools and too many mom prrs e
naRy st k The szverage ¢ P
ral races cr stocks, any foir
the seve fore osnnot give any
unit for a season thefe zxcept as the fishermar
i el o stendpoint. Perhaps the
decs 1% irom an_ sconos german to semple the run
catches of the last i‘iseasure of escapement, but "
might give a relative mt Shioh this happens’ canno
here agsin the moment a L tns cone
srmined. r. neglec
be dg::rthe eatch per unigsogisgatﬁe hooretical
etition between gear, do dence in case the escape
21Mit to the relative ?bunortion to the catch, and
ment 1s very larze in grop

it 13 used below in this way.



year class, thogse returning 1p the fourth year after

being spawned, and of some third-year fish and some

fifth-year fish,

of ages was compared with gp index based on the assump-
tion that there were four-yesr-01ds only,.
concluded that: \

Thompson

There 18 no substantie] differen
the general pictures given by the twgemgzgggg?
The most obvious ig thet the periods of depletion
are visable a year earlier in the csse of dis-
tributed ege classes. For instance, the age cor-
rection indicstes that deecline in returns began

in 1910, whereas by the simople four- eer cycl
index, 1511 was the first yezr, Y vee

Effect of Amount of Flshing on index

Explanation of the effect of amount of fishing

cn the index 1s as follows:

The index is subject to correction for the
varylng amount of fishing in the parent and return
yearss. An incresse or decresse in return may be
due 1n part to an altered fishery, which mey take
8 larger or smasller part of the total run in the
year of return thsn wos the csse in the parent
year. The correction for this gives a definite
1imit within which the index values must lie. It
¢zn be mnde in two ways, depending upon whether
the gear 1s competitive or not.

If the numbers of fish in the runs were without
limit so that the units of gear would not interfere
with one another, and the escapement would be very
large, the catch should increase or decresse in
proportion to the smount of fishing.
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8 the cateh of
the parent yee:fecyear of return

sy the change 1n
the smounts of fishing ¢ end ¢ ‘o .
4 o OUld then have to

at the true Values of the

In compsarin
c, with that of

be discounted to arriva
total runs, t4 end ¢

If the ecateh
foco _.Co and ¢

L]

. f & unit of pegyr 18 C then
4°4 = %4+ It can be assumed that

the catch of a unit of gear wi
total run of fish available tolitrargh:étgrthe
is not competitive BEas

A
To cofp 4 To o f4

This correction is the maximum which can be sug-
gested to account for chenges in amount of fishing,
A more acceptable correction which 1s consis-
tently less can be msde by recognizing that the
gear fished competes for the casteh, The size of
the run, Including catch end escapement, provides
a 1imit to the incresse of the catch ani the gear
used becomes competitive. FEach unit of gear, when
not interfered with, has its own rate of fishing.
But due to interference the combined rates of all
gear do not equal the sum of these rates. Rather,
the appropriate relationship between the total run
(T) and the escapement (E), the units of geer or
effort (f) end the average fishing rate (r) is

given by the equation Te~fT = E, then T(1 - e~fF)= c,
The corrected index of success of return is

given by the percentage which T forms of T . This

can be determined from the rati
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then
Ty € ] « g T0"
T, C. 1.4
o 0 - e
-f.r
The ratio lh;;gaF%;_ should be eompared to that
l-0%

of fg given above.

£a

The use of these corrections in a oreci
would1rquiretgggWIedgedas to the degréeegosgh?zgner
gear 1is compe ve, and &8s to the amo
determined by a cor;ection fo i A

r varying efficiency.
For the use of the second method (competitive peir)
there must also be known the intensit i

y of fishin
(r), per unit of effort of gear arnd r con be detg;-

mined if the escapement is known for any one yesar,
In other fisheries, such indices »s the catch
per unit of gear are a}reeted in 2 cumulative way
by the mortalities natursl and otherwise. Faciors
such as intensive fishing alter the sccumulsted
stock unon which the estch per unit depends. In
the salmon, however, each value of the index de-
pends upon the fish present in a peir of years,
and reflects directly the conditions for reproduc-
tion in the parent year. This renders edjacent
velues of the index independent of each other,
and of peculiar value in reflecting vsriations of
conditions in these adjacent yesers., Vhere the
amount of fishing varies widely from year to year,
or the effect of an obstruction fluctuates simil-
arly, the range of vsriation in the resultant
mortalities should give s better basis for deter-
mining the emount which the species cen endure, In
that way the index should be of greatest value.
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Application of tle Index to Bristol Bay

| ¢ sristol Bey Red Talmcp
YA

Bristol Bey red salmon have been considered

five-yeer fish for many years, Rich and Bell (1928)

founds

A strong tendency towerd a repetition of con-
ditions at intervals of four or five yerrse « o o
vhile the exact significence of an associeticon
betwern catches st four or five yeszr intervals
cen not be strted definitely, it secms more then
probeble thet it is indicetive of the »reveiling
age grouns 1n the run in guestion. In the cese
of warluk Hiver we itnow definitely theot a larre
percentege of the fish sre in their fifth yesr
wvhen they return to snawn. This is reflected in
the relatively high coefficient of correlstion
betreen catches sr five-yesr intervals--over
gseven times its nrohb:ble error--snd statisticians
generally ggree thet & coefficient thet 1is three
times its probhable error is significsant of some
degree of essociation. It is possible, of course,
thet some fectors other than a »nredominsnce of
five-year fish hes csusgsed this high correletion
between cetches at five-yesr intervals, but we
heve no suggestions to make as to whet these
factors might be,

A high correlation between the size of cetches
8t four-yeer intervels was found in the Nushegak dis-
trict; no sipnificent correlation at five-year intervals
eni a8 negotive correlation at six-year intervals., From
1911 to 1927 the Nushsgak cetch everaged 23.8 per cent
°f the totsl for Bristol Bay (Rich end Bell, 1928),

Index Telues for Yeers 1R93 - 1922

An index of the success of return has been pre-

’ered for Brigtol Bay on the basis of a five-year cycle,
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from the Frezler River work we mey assume that the
four-year fish of the Nushagak would not slter the
general picture, and that a separation of yeer classes
would move evidences of denletion to a neriod one

yeal earliers Date contained in Teble 1, covering

the years 1893 to 1927 inclusive, sre teken from tebles
revorted by Rich end Ball, (1928).

teble 1. Red salmon ecsught in Bristol Ray

1893 to 1927,
From Rich end Fall, (1923).

Year Number of Year Number of

iled Salmon Red Sslmon
1903 eseeen 94' 000 1911 seonee 8 ﬂ‘[u‘, 114
1’:94 eoseve 1 235 400 1912 XXX 19 f‘96 343
1%95 scesesew 1 472 1’)7 1913 evsvee 20 S(Q]. 826
1?96 escsca e 2 329 /40 19]4 cosses 20 195 107
1897 eeecos 3, 17,523 1615 eeveee 14,777.678
19')0‘ seoo s 427 R40 ]916 Sepoep 17 521 }21
1099 eceoose S 112 737 1017 eooeese 24 517 532
1900 eeeosee &, 947, 1335 1918 seeeee 23, '3¢h) ,665
1901 XXX EK] 10 220 577 1919 eosene 7 161 ’75
1902 ecosve 12 8J8 518 1920 XXEEX] ‘97 015
1903 evoeoo ]6 320 092 ]921 [ E N X NN} 15 6 O 076
1904 seeeoe 11 9’)3 3‘;2 1922 escane 23 6’»? 077
1909 seovee 14 831 1589 1923 seeess 12, L1871 064
1906 eesewe 10, p23 421 1924 s4aees 10 302 066
19507 vevens 10, g 190 403 1925 seeves 7,)09 508
1908 eeaane 16 2133, 1002 ‘ 1926 seevee 19,414 004
lu 9 seesye 15 497 ?f)3 1527 seosse 11 071 828

1510 seuees 11,593, 1699
The index is not corrected for the smount of
fishing from 1893 to 1927 because Rich and Ball states
The records of gill nets in Bristol Bey seems
esnecieslly unsetisfactory, as thie records indic:rte

@ decided chenpe in the average lenrth of 7111 net
during thLe history of the fishery. For several
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yesrs the stendard length hrs been 200 fathoms, but
in former years the strndsrd lensth was only ehout
100 fethomse Apaln, in most instences the number
of rill nets rocorded in the staterents submitted
py the c¢-mnaniea 1s spperently & record of the to-
tr1 nunber of gill nets on Yand for the scascn ond
does not state the number of nets actually fished,
no doubt tre number of g411 nets on hand besrs a
frirly definlte and constant retio to tie nurber

fisred, but this 1s certainly a possihle source
of serious erroX. « o« »

The index velues for 1893 to 1922 sre illustreted
{n figure 7o

1ndex Volues for Veers 1523 « 1042

The index values and smcunt of fishing effort
for the years 1923 to 1942 snd the data used in ccmput-
ing these values sre given in tsble 2. The numbers of |
cases of red sclmon pecked, boats, fathoms of gill- net,
snd fishing dsys were compiled from informstion contsinad

in the annual report entitled Alacke Fishing nnd Fure-

ceel Imdiustry for the yesrs 1523 to 1947 inclusive.

The c¢noteh i3 reported &8s cne total for Eristol
ley snd Yukon River in numbers of cases oacked, without
ary senerstion by districts. The entire pack hos been
converted to crses containing 48 one-pound cens esch,
“he nunter of fathoms of- gill nets, end tle puzber of
fi'l-net bosts are resorted for ¥Yestern Aleske which {s
tomprised of the “ristol Bry end YTukon River distriet,
and the rort Moller and Herendeen 2sy district. Prace

tically 811 of the gill -het usaed in %estern Alasks is



*226T 03 £6QT wWolJ uowles poy Aeg To3STIg J0F Xopul °*/ 9IndTd

0li6l S06! 0061 G68l €68l 0

226l 0csl Gi6l

.ﬁ \/\/ HV3A I
.. /\ A\ -

\V |

{002
Z .
o
ﬂ -
Jjoo¢
S -
B
=8
3 -y
{00%
—_— 2D
20
{oos

2261 -€681 S3NTVA X3ANI !
NOWTIVS 434 AvE8 T0olSsiy8 !




- Bl -

r5ae e ATY
‘ve 6oT®
£€6°01 MM oce. HmH mmw t wmm.mmm. mwwﬂ
6y 41 61 S5 46 5G4y T s
- _ge*le - (CTARFA 9¢8 7 5 svol
moNNH grCe 00°6 < MO.N_ .(AHH .H&m p ?b@ .Vmw 61
6°g5T 1°tvl 2v-4I mH mo “4ET s «Lc uLy 2vo6l
§t6vl  1°06 s mﬂ O5 TS Ty L m G Lls v61T
Levi 6°17, o6 vt m~ CIO gL 6121 55 20 o0v61
HohO.ﬁ 80t 1L °1¢€ OH mmd ALH € vo \Mcﬁ OmP L 661
o}v $°1p vl 1t 1 ONQ .¢0H @@Oa e d. NNKL 1 mwﬁGH
99 giwll 6w 5 mwm ‘941 AGL*T @Mw ‘leyfl  Lebl
1726 €19 wttoz 1 6.ct é12 ¥10 SEET L
ve66  9TITT  tlese o oom.owﬂ 720 T Eoss wmm Ge61
8ol 6°CLT 2v°il £ L96 2v1 /20°T col ‘1 431
T°61T  po2el 09742 ¢ 044 21T 10C°T a19 mw L Sl
§eegz 299 S6TSl i 042 Svl 6:0°T g19.ace, T Bl
4°L6T €41 w6°h2 o 057 1L 7Sy 294" awm taol
4°202 6°tIL  9L°4w : ¢S 290 T 256 N : Oto1l
m.gm gt 4 g 1 mm mom Mmﬁ £60 T T0G ¢ ~.0m 1 cwmw
‘vvl1  9°08 97 H1 CSs°4Ce 960° T ¢ 6o B5Co
Cetee  4'99  C&°t ve Q0T :9Ce i1 Ot 49y 4251
Wy 50t 91l 1 ‘T
R AR B ve S3der sl facwce ot
1°281  L°6CT  ¥5°94 ot mmﬂ.mm Ll T €99, 794 vZ6 1
91e’l 9c5C6T T E26L
BY S 27T % S
m.« ou oo (3) Asy 103sta4 akmvmwm nwmmmwu >mmﬂﬁmwmwpm
up S - e ¥o8d
202 2 aoge  Shbn il dwcin o josan
3utus A - JO $3589
TSt Jo Jsguny JO swoyysy  JO Jdquay Jo Jequny
Tlvol-tool BOTJ3SNUUL {89 =Jug ! .
w013 Pe1TEwod eiom sRsp duigsty pud ‘qeu TITH 3O Tmoua 03 mmwuwwn pooad
@s paJ JOJ sen[wva Xepul °2 oIqal

S8 3d JO sivqunry

*Cy61-C261 *Aag [oasiad Jo uoui



- 57 -
43 used 1in the Bristol Bey ar~ea, The greatest fluc-
tuation in amcunts of gill net ¢nd the number of gill-neb
poats used in Vestern Alaska would be lzrgely due to
trhe differences 1n fishing intensity in Bristol Bey.
1t is assuned that the errors introduced by using the
rigures for Vestern Alesira will have & negligible
effect upon th.e index. Fishing intensity was computed
in three waysj Dby the amount of gill nets in operation;
by the number of gill-net boats in use; and by multi-
nlying the smcunt of gill net by the number of fishing
deys in the season. The use of gill nets azlone does
not consider the time 1nvolved or tne number of commer-
cigl set nets. The graph was therefore prenered with
the correction for smount of fishing by using fethoms
of gi1l11 nets multiplied by dsys in the season. Agsin
some compromise was necessary because the closed time
in all Bristol Basy districts wes not always the sume,
It is asswned thet any errors due to the differences
in closed time will not materially change the index to
the point of rendering it useless.

C
The 1limits of the Index ere set by 65 and
(o)

Cc r
ci . and any further correction or refinements that
)

wlo

May be made will fall between these limitse.
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As an example the psrent year 1930 and the
year of return 1935 will be considered. The number of
cases of red selmon packed in Bristol Bsy in 1930 was

348,762 end 1in 1935, 231,014 ceses were packed. gi
0

gould therefore be %%71;‘;%% giving the index figure 66.2.
This, however, is not corrected for amount of fishinge.
puring the seescn of 1930 trere were 118,450 fethoms

of gill net in operstion in ¥estern Alaska, snd the
Bristol Bey sesson wes 16 fishing days. In 1935 there
were 32,958 fathoms of gill net ojnerated for a totsl

of 15 fishing deys. By multiplying tie fathoms of gill
net and the number of fishing days the correction

factors £, (1930) and £y (1935) were found to be

f
1,895,200 and 494,370 respectively. Thus -2 » @ Would

o fS
be 66.2 ¢ 3,83 or 253.5. This figure does not tell how

Q] O

meny fish were aveilsble in either 1930 or 1935, but it
does indicate that the run of 1930 was successful in per-
petuating itself st the level of ebundznce at that time,

Internyretation of the Index for Bristol Bsy

The index e&s i1llustrsted in figure 7 shows a
falling 1ine from 1893 to 1901. This indicates thst en
Incressing proportion of the run was being utilized by

the developing fishery.
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The first depletion occurred in 1902, followed
py 1909 &nd 1906. vhether the depletion was due to OVer
risbing, oF to unfavorable natural conditions, or to
g combination of these can not be ststed with essurance.
gerious depletion is shown in 1914, follovwed by four
gore years of unfavorable vslues of the index. Also,
1920 end 1922 are marked by en inability of the run
to maintain itself,

Figure 8 1llustrates the index czlculeted on
the psck only, and when the smount of fishing 1s con-
siderad. The run sposrently meintained itself from
1923 to 1931 when thils correction is used. Rowevef,
even with thig correction there 1s evidence of deple-
tion apein in the years 1932 through 1938 with the one
exceortion of 1917,

The over-agll picture given by the index leaves
no room for doubt es to the existence of e conservation
problen. The inforwation at hend is not sufficlent
to draw eny conclusions as to the exact causes of the
periods of depletion. FHowever, we might very profit-
ably consider what the influences of both rsture snd man
mizht have on the fishery, and in psrticulsr cn the red
salmon runs., fome experirental work in connection with

8slmon in other areas will be reviewed in the hopes thet
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gome of these findings may a1d {n the solution of the
problens in Bristol Bay,
gonservation Problems Neletive to the

Oristol Key ..un of Zalmon

Escavenent 1s orobably the first thing to come

to mind when the conservstion problems connected with
pacific salmon sre being considered. And rightly so.
vithout escapement there will be no return run. A
pert, at least, of each generztion must meke its way
to the spawning beds in order to perpetuate thst year
class, because ike Pacific salmon spawn only once in
their life cycle.

Yo doubt 1t will be & surnrise to many people
interested in the selmon runs to learn that to date no
positive reletlionship hes besn demonstrated between
tie size of the escepemnent and the size of the return run
resulting from that escepement. Barnaby (1%44) in
studying the fluctuations in ebundsnce of red sslmon
of the Xarluk iiiver found a nega}ive correletion exists
between the escepement and-ggtggéfh He 1s not willing
to accent the indicetion that most escsnements in the
study have been tco larpe, but esttributes the negative

correlation to sdverse frctors inflvencing the survival

value,
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Funtez(1951) 4y ¥orking

with pink
pritish Columbia states; p salmon of

escapement, though osy 8T« . . o Adequate adult
future proé

Hunter attributes many of thege fluctuations to the

nstural varlations of westhep and climate

Jackson (1937) in reviewing the work at Karluk
up to 1935, makes this observations

Records for elght generstions are now av
able showing wide veriation in production, vziiing
1 to 5.6 to 1. There seems to be 1little possi-
bility of regulating spawning escapement so es to
produce conslistently a large population. Hence
efforts ere being directed to the determining of

factors which determine survival in order to control

netural forces and to regulate the fishery in the
interest of conservation.

Barnaby (1944) has most certsinly summed up

the problem of escapement in saying that,

The most important point in considering escape-

ment is to determine what escepement will produce
the greatest surplus, return minus escapement
that may be utilized by the fishery.
%hat constitutes the optizum escapenent in any
given area, and for any particular stream in Bristol
Bay sti11l awaits determination. The optimum escapement

will without question depend upon how much control can

be exercised cver nstural forces.
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The mortality of the Pecific sslmon may be
divided into fishing mortelity and natural mortalitye
peturel mortelity may be subdivided into fresh water
mortality and ocesn mortelity, A1l Pscific salmon that
survive to return to the spewning erounds suffer total
mortelity. Very little 1s kncwn sbout the ocean life
of the szlmon. ¥e cannot hope to exercise esny control
over the natural causes of ccean mortality at the cresent.
However, 1t mey be possible to reduce the losses occur=-
ring vrevious to the migrstion of the fincerlings to the
380
ILcsses during Teg “tage

The eggs sre deposited in fresh water and most
of the ycung fish spend one or two years in fresh
water, Work st Xerluk Hiver (Brrnaby, 1944) shows a
fresh weter mortslity of over 99 per cent of sll the
eggs deposited to the time cof sesvard migration of the
fingerlings. Less then one per cent of the possible
Progeny from thie deposited eggs wsnaged to make thelr
%ay to the ocean. Cultus lake experiments (Ioerster,1936)
found thet the losses in fresh water were in tie neigh-
borlood of 97.5 per cent of the tctal egg depcsition.

The losses in fresh water sre tremendous under the most

Tavoraple of netural conditions and during the time that



men might be able to éXxert 80me 1nr1ugn
Ce.

The losgges during the egg

of gravel wherg ®Eg88 have heen deposited. There ere no

figures available Togirding any of these losses in

Losses due to superimposition of redds
is thought to be serious

pristol Zsy,

in years of tremendous escape-

ments when there are more spawning fish then the areas

suitable for spawning can accommodate, and redds of
early spawners are dug up by late errivals in the process
of bullding their nests,

It might appeer that all of the above losses
could be easily eliminated by incubating the eggs in
hatcheries and liberating the free swimming fry in the
leke waters. This wes tried at Cultus Lake (Foerster,
1941). The tests included the planting of eyed eggs,
end the liberatilon of free swimning fry. Both methods
were compered to natursl propasgestion.

Foerster states:

The conclusion was reached that in en area such
es Cultus Lake, where a natural run of sockeye

occurred with e reasonable expectancy of successful
spewvning, artificlal oronsgation, ss commonly nrac-
ticed, provided no adventsge over netural spawning,



ilar res
gim ults woulg Undoubtedly pe Obtained 1if the
tests were repesteg in Bristol Bay

predstion

ot
her losses during the fresh water l1ife would

include those due to disease, perasites, lack of food,

and predation, Little ig known about disesse and pera-
sites of red selmon end no estimation as to losses due
to them has been made. The fcod and food supply will
be considered slong with the other limnological aspects
of the lskes, The reveges of predstors heve long been
recognized by observers, and considersble work in this
regard has been carried on by investigetors in various
localities including Bristol Bay. The following specific
accounts of predators are taken from the reports of
relieble investigators, and serve to illustrate common
end widespread conditions.

Bean (1894) in writing of his visit to Karluk,
records the enemies of the selmon 8s being numerous,
describing sculpins swarming in the nests eating large

quantities of eges, trout devouring great numbers of

eggs and young salmon, end gulls, terns, loons and other

birds gorging themselves with tender fry. DBears are

credited with consuming lerge guentities of the breeding

fish,



huge paws, and later

perhaps eating a portion of them. He statess

I sho
conditionzlgsléke to cite s few instsnces of actusl
tion of s 20w them, Concerning the destruc-
it UniOﬁog g they hed not yet spawned.
e day 1in and 8Y¥y Clevelend Peninsuls. I spent over
Bround the region of Bla(’:k Besr Creek
I walked the middle of 3

the stream, also examini
both banks for ag much es 3 miles: I fogggmtgengreat‘

er part of the shor
back from the strea;' :Gmetimes for 100 %o 150 fest
y trodden like & pasture in
well-defined pathg thet looked as if made by csttle
Over all this area, frequented by berrs dur¥n 8the )
salmon runs, I sew hundreds upon hundreds of &ump-
backs, silvers, and chums that had been thrown out
of the water by these enimals, In the me Jority of
cases the fish were not mutilsted only bruised by
the mark of the bear's paw on thelr backs showing
their chsracteristic way of tossing the rish out of
the water. The bear is very fastidious and prefers
the cheek of the salmon to any other part. In most
cases the remaining porticn of the fish is left
untouched. Cne c¢an resdily reslize thet a large,
healthy besr would require a great many sslmon cheeks
to satisfy his ravenocus apoetite. The stench along
this stream wes most unpleessant, and besides the
fish in verying stsges of decomposition there were
meny bones that gave indication of the large number
of selmon destrcyed snnually by the besars,

I found & similar condition on Prince of vales
Islend below Silver felmon Falls, where thousands
of fish, unable to escend this natural barrier, hsd
fallen back tired and worn out,only to be cast
ashore by beers. If the bear would take oqt of the
water only what he sctuslly eats, this condition
wculd not be nesrly so badj but the destruction of
8o many fish from pure maliciousness, or playfulness,

makes it a serious matter,

He tells of flushing sn enormous horde of gulls,

numbering at least 10,000, thet were among the salmon



birds. He estimeted thet on this oreek alone there

wvere within sight 9,000 fish, either dead or dying, thet

hed never spawned,

He observed terns diving for saluon eggs, and

found, upon killing them, that their crops were filled
vith eges, '

The report for 1920 by Field Superintendent
Dennis ¥inn (1921) has this to say about predators in
Aleknagik Lake, 8 part of the Nushagsk dreinsge:

Set and drift gill nets, in connection with
seine and troll lines, were used and the esrly work
centered et the leke outlet, where a considereble
number of Dolly Verdens were taken, weighing from
two to seven pounds each., The stomschs of these
fish were well filled with migrating salmon, Nos.
2% and 3 in size, 25 or more young salmon being
counted in a stomach. The habits of the trout were
observed closely. It wes noticed thet they met
the selmon schools at the inlet end outlet of the
lake, where the ber drops off into deep water, &
certzin number of trout sccompanying and feeding

on the seslmon
fn connec%ion with the Dolly Vardens working on

the young salmon in deep water, the terns are

< severe at the surface. The salmon
:iggzgeeggalégrmous schools, mcking them easy prey
for trout, and the work of the 1stter forces the
young sal&on to the surfsce, where the terns take
their toll., Lerpe flocks of from 500 to 1,000
were noticed sctively feeding vhenever a school
pessed certain points. After several dsys opera-
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tions at the lske outlet the cotch of trout becare
glmost negligible, end 1t vss noticed thet while
the terns were present in lerge numbers snd would
pecome exclted and ective on sighting e school of
young salmon, their success in catching :as materially
logcened, the fish not coming eclose enourh to tre
gurface. No trout other then olly Verdens were
taken in this section, and very few under 2 pounds
were censtured. All averrred 3 and 4 sounds, end
specimens welipbing 7 pounds were commONe « o e

+hen the trout becsme scarce st the lake outlet

the cerp was moved to the upper end of thre leke
vhere the scow was plesced in thie mouth of the river
connecting with Lerka Lzke. At this point good
results were secured, and it was here thrt the bhulk
of the trout wes telen., It is estimated that from
35,020 to 40,000 oounds of trout vere destroved.
lleny were diseased, wormy end emaciated, but always
rezdy to feed,

The migrating sesson of salmon in this dis-
trict extends over a period of sbout three months,
and figuring an aserage of 15 to 20 mipgrsting cal-
mcn for each trout ner day--which represents but one
feed for the sverage trout taken--the number of
trout destroyved would mean s saving of more year-
1ling salmon than could be hsndled in any of our
hatcheries during & sesscn not to mention the ex-
pense of feeding, etc., snd this without taking
into cuvnsideretion the serious devredations of the
ternse.

e « o It was imyossible to uze gill nets without
injury to the salmon, and the trout operating in
decp water mede it necessery to devise some other
meang of canture, Xr. “svege devised & mold in the
shape of a fish, end this wes poured full cf leed
over the stem of a larre, long-shenked fishhook,
which was used as & troli and fished amcng the micrste
ing selmon. 7ith this crude device two men succeeded
in taking 1% tons of trout in one dey. 4s fishing
continued the numbers talen grsduelly decreesed
several hundred pounds esch day to the time of our
denarture when the best capture possible was from
390 to 1,000 pounds per day.

In the summary of the report he says,

%e are ‘thoroughly ccnvinced that the predatory
fishes, together with the terns mentioned heretofore,
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constitute one of the most serious mennces frcing
the salmon industry. In small yesrs such as 1919
gnd 1920, they will practicslly eliminate the cycle
runs by tleir depredations, first on the egrs on
the spawning beds, next on the young fish in the
first year or two svent in the lakes, and last but
not least, on the migrsting fish descending to the
ocean. The only hope of curtsiling this loss is
py waging 8 constant, sggressive, and extensive
camnalgn against these maurauderse « o o
The report for 1923 (Power, 1925) tells of
takking Dolly Verden trout specimens having in their
stocmachs young feeding sockeyes just out of the gravel.
Cne Dolly Verden's stomech contained epproximetely 230
young salmcn, the count being considered as conservstive
because meny of the young fish were partly digested.
The work of predator control wss carried on for
several years by employees of the Buresu of Fisheries,
hifter two yeers the numbers of trout decressed, judeing
from the numbers caught snd the esse of cstching them,
and the aversge length and weight decreased, indicating
that some measure of control had becn accomplished,
The report for 1928 (Bower, 1929) states that
no work of conseguence hed been sccomplished in the
destruction of predstory enemies of salmon for the
Past two years, Investigations hed given convincing
evidence that Dolly Vardens hed returned in alarming
lumbers, and were nearly as numerous and

8ctive as 1in former yesrs. The water in
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certain pleces in Neknek River apieered to be bolling
with trout feeding on the migrstors.

A bounty on Dolly Varden trout was estsblished
by 1920 en¢ ¥as in eflect for tre next ten years, No
attempts of cdntrol have beesn mede since then, and Dolly
verden trout in great numbers sre agein reported on the
spawning grounds.

Foerster and Ricker (1941) in studying the
effect of reduction of predaceous fish on survivel of
young salmon st Cultus Lake found &an averare incresse
of survival rete from 3.13 to 9.95 per cent sfter pre-
dator control had been stsrted. !More thean thres sock-
eyes lived to go to ses, where only one survived formerly.
The survivsal rate, from ezgs of females naturally spswne-
ing to migraters, increased from 1.78 per cent to 7,81
per cent.

Prior to predator control the relation between
size of the year-old migrants wes inversely correlated
with their ghuniance., Two large migrstions occurred
e8fter control wes begun and in neither cese was dwarfing

noticesble., The authors give the following explanation:

¥ith the greeter survivel rete now prevailing,
it tskes only about a third of as many nexly-hetched
fry to produce a given number of migrents, with the
result thrt competition for food in sumver (the
prineipsl prcving season) is now much less acute
then in former years, ccmprring migrants of tre

8ame size.
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It can be claimed thervefore ss # further very
grnortant aivonhinge of the destruction of predacaous
sish,that 1t w11l sernit a zuck creeter mey imum

~amulation of sockeye to inhabit the leke thon hes
peen the cese heretofore, , . ,

No exseriments have been conducted in Bristol
Bay ghat measure the smount of darage by predaceous
_pish, end ore can only esk what would be the state of
the ficheries today 1if Lennis i{iirn had not put a control
program into effect when he did,

Observations and experiments concerning the
effect of predator birds on the runs of Atlentic salmon
have be=n mede in Canada., "hite (1937) concluded that
the American merganser on the N-orthesst Vorgeree River
was responsible for & consicdersble depletion of ycurg
selmen and trout in the unner reaches cof the stream.
Young salmon and trout were very scarce in sections of
the stream away frcm human hehitetions snd well traveled
highwsys, while they were ahundzsnt neasr the areas occu-
piled by men. These later sections were considered to
be tynical sections of the stream and the ebundence of
fish 1n trece arcas was due to the fret thot most of the
fish-esting birds hed been frigktered evay.

Huntemen (1941) found tket:

Experirental eliminetion cf tie birds from

&8 stream more then doubled the number of sslmon
snolts descending subseguently., £4nalysis of thre



-71.

gttendant circumstrnces eliminstes extent of soswning
and heirht of weter as causitive factors for the
increase.

In the yeer of return following the bird control
the cetch of salmon at sea was greater then had been
expected from the dryness of the seascn of control.
reteiled enelysis of the catch shows that the cetch was
proportionelly highest from the river elong which the
birds had been reduced. Huntsman states,

It 1s concluded that control of birds may remedy
periodical scarcity.

Euntsman seid that the control of predator birds
was allowing the trout to incresse as well as the ssl-
mon and cautioned thst the experiment would heve to
continue over s perilod of ysers before the total effect
could be messured.

The important cbservation made is that men's
presence favored the young szlmon by driving or fright-
ening away fish-eating birds. Destruction of the birds
1s not necessery. Frightening or driving swey the
fish-eating birds accom>lished the beneficial results., '

Reed snd Dymond (1951) report that the first
two runs to be benefited by this protection their entire
lives numbered 20,000 and 13,000 in the springs of 1949
énd 1950 respectively, a@s compsred to a smolt production

°f about 4,000 prior to the removal of the birds. Other



destroying the fevorable effects on selmon, The guthors

onsider contr f
¢ ©1 of predatory birds as g promising method

of ircreasing selmon productlon, but state that ss yet

this conclusion cannot bhe applied to waters differing

widely from the Petltcodiac or the lorgaree,

Bernaby (1944) found in the work at Kerluk, thet
less then one per cent of the nossible number of progeny
survived to the migreation stage, end only 21 per cent of
these migreators survived to return es mature fish.
Therefore, ebout 0.2 per cent of the possible number of
progeny live to return as meture fishe The averasge egg
count per femsle in Karluk hes been found to be from
3,700 (Gilbert and Rich, 1929) to 3,500 (Holmes, 1933).
The most optimum retio of return would then be less
than 1 to 4.

Cultus Leke data (Foerster, 1936) indicate a
fresh water mortelity of 97.5 per cent and further ocean
losses with e most probeble velue of 90.1 per cent. The

tots] mortslity throughout the life bistory amounts to

a most probable velue of 99,75 per cent of eggs depos-

ited, The most probable ratio of return obtained at

Cultus Lake is given as 1 to 5e5e
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Any measure thet will result in decressing the
tremendous fresh water mortelity of the salmon should
pe given serious ccnsideration, snd predator control
offers this possibility. Predator control does not
mean extercination of the predators. Some progrem of
holding their numbers within rcasonable 1limits would
gseem Justified., Trout control along the methods first
used by P'ennis ¥inn with the fishing under close super-
vision, is to be recom-endeds A reduction of the
tremendous losses during the fresh water life of the
salmon would result in grester use of this great natural
resource. The exverimental evlidence shows that this
can be sccocmplished in some measure by predetor control.

tigretory outes end the Fome Stresm Theory

fhile it is true that little is known regerding
the ocesn 1ife of the salmon, we do have in the case of
Bristol RBay salmon, considerable informetion sbout the
mieratory route tslken efter the fish at first become
Vulnerable to the fishery. FExtensive tagzing operations
were carried on by Gilbert and Rich during the 1922 end
1923 seasons. (Gilbert snd Rich, 1927). The results
Obtained in the 1922 experiments demonstrated that en
e€xtensive migration of mature red salmon psst the shcres

Of Shumagin Islands snd glong the shores of the Alaska
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peninsule as fer as False Pass was the subject of en
ypterse fishery centered at Ungs Island, King Cove,

Jzeten, ont Felse Pass. A totsl of 3,311,911 red salmon
qere triien in this district in 1922, The neck produced

py trene £~k a5 229,878 cpses of 4% one-pound cans.

The fish were fresh from tle feeding grounds
eni 8ti1ll feeding, making this fishery unususl in thet 1%
uses fish 1n tle midst cf their migration. The fuzct
thet the fish ere feeding indicates thst the fish were
g ccnsiderable distance from their spawning ground,
'because salmon on a»nrcaching their spawning rrounds
ceese feeding end reintzin the fect to their ultimate
erds The zuthors sssume th=t the meture fish had recently
gserarated tremselves from the imzsture fish thet would
meke up the runs of the coming seascns,.

A very few of the migrants tagred at the Fhu=-
magin Izlends made their way to the esst and were recap-
tured as for away as Cook's Inlet., However, tis totsl
number teking the easterly course vwere so few thst rung
to Chignik, ¥arluk end Cook Inlet wculd not be endengered
by the fishing in the Shumsgin district,

Only e few of tle Fhumegin fish entered the

87211 gnawning streems of "'nga and rfopof Islends, The

Vast rajority continued to the westward to liorzhovi and
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Tkatan Baysy an important Number along with other

Morzhovol and Ikstasn fish distributeq themselves to all
the red-salmon streams of the

and

Bering Sea shores of the

Alaske Peninsula ang Hristol Beys This wide distribution

was one of tiie most important discoveries of the 1922
gez 380NN,

The selmon tegged in Morshovold and Ikatan did
not move to the esst but moved beck and forth between
these two bays for s period of two or three weeks, A
very few entered locsl streams, but many wera reported

from Bristol Bey and elong the Bering Seas side of the

peninsula.

There was:an exceptionslly heavy run of fish to
Bristol Lay 4in 1922 end it was thought that the salmon
might not enter the ssme aress in yesrs of less abun-
dance. The experiment was repeated in 1923 in order to
determine if the 19§é season was exceptiona} or if the
benks on the south side of the peninsula were constant
feeding grounds for Bering Ces selmon. The findings in
1923 gompletely verified the results of 1922.

In 1923 the sslmon were teken from three traps
°n Ungg Island, from four in Yorzhovol Qay, from three
In Iketan Bay and from one in Best Anchor Cove., The fish

Mere tagged and released outside the trap. Approximetely
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10,000 adult salmon were tegpeq, Salmon were tegzed
. re tagg

beginning, the middle
The places of tagging and

with the assumed migratory routes are given
on the accompanying chartg,

in eech of the localities near the
end the end of the run,

recapture

Salmon from the seme trap in Unge Island were
recovered in more thsn 20 different streams, ranging
from Cook Inlet on the south side cf the peninsula to
pho mouth of the Yukon in the north, The question
arises as to whether these selmon sre returning to the
streem of their origin or if they are scattering them-
selves aimlessly in seerch of e spawning stream,

In the words of the authors,

If the homing instinct prevails, we are com=-
pelled to sccent gt the other end of the salmon's
1life on extremely wide dispersal of the young to
feeding grounds hundreds cof miles distent from
the mouths of the stresms in which they were rearedj
and st the close of their period of growth end
development, at the beginning of the season in
which their eggs end milt will ripen, we must
figure them for lesving the feeding grounds an@
independently retracing the hundreds of miles which
may separate each of them from its natal stream.

The tags were all numbered and the recovery at
8 later date shows that fish relessed from the same
starting point st the same time followed different

routes to destinations hundreds of miles away. The

Teport points out that the physical snd chemical condi-
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tions of the water A93uredly wore the geme for all fish

relersed fTom & single trap gt 8 given time, Under

favorable conditions tre réte of tagping was 300 fish

uld make the use of the term "ssme
(14 or "
time given timen Justified, That the fish pursued

per hour, end this we

their course in no haohezard feshion 1s demonstrated by
their strict conformity to time schedules constructed on
e basis of recapture,

The "hom!ng instinct" theory 1s further strengthe-
ened by esrlier findings thet esch colony 1s stemped by
certain distinctive physicsl charscteristics thet 1s
best explained by assuming thzt esch group ig isolated
and self-perpetusting with the constent habit of home-
coming at meturity., Admitting that streys do exist, their
precence is in too smzll e proportion to prevent the
colony from meintzining its reciel peculiarities. This
experiment wss tre first to trace the salmon as they
wvere gbcut to leave their feading grounds in the sea and
disperse to a number of widely sepsrated spawning grounds.

Scale samples were taken ss the fish were tsgged
and wken the distribution of returned tags was studied
i1t was found that the fish hod returned to the river

supporting colonies having the seme cheracteristics as

they hed., pPrevious studies had revealed that a large
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percentage of Nushapgsk selmon have a one year fresh
gater 1ife, while lirknek-Kvichek fish have a two oOT
three year fresh water 11fe. In the Nushagak recaptures,
58 per cent had a fresh water history of one yesr and 42
per cent had stayed in the lske two years before going
to the sea. Unly four per cent of tre Xvichsk fish had
rexained in the lske one year, eight per cent of the
Upashlk, one per cent of the Fgegilk end six per cent of
the Neknek, This segregstion on a basis cf early 1life
history 1s deemed to have but one significence. In
certein of the stresms this had been verified by studying
the sceles of migrators end finding sdult fish returning
to the semne streesm having scales thot show the same
fresh water history as the fingerlings do.

The suthors conclude that each stream 1s en
independent unit, and the peroetuation of each run
desends upon s2lmon being pvermitted to spawn within 1its
o¥n watershed,

Some writers (¥erd, 1939) teke exception to the
"home stream theory" on the grounds that there ere too
meny marked or tagged fish unaccounted for in the experi-
ments, snd prefer to think that migratory movements are

denendent upon oceen currents and temperatures,
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Other
oF investigators (Powers, 1939) explain the

return to the SP&WNINg grounds ag a physiological re-

action to & carbon dioxige tension gradient, or to a

fresh-salt water gradient, During the process of matur-

ing sexuelly a physiologics change takes place that
causes the sslmon to seck water having s

cerbon dioxide tension,

relatively low
The offshore water during the
spring and sumzer probably have a lower cerbon dioxide
tension than the ocean water due to photosynthesis of a
more intense population of phytoplankton on the contin-
ental shelf, The streams entering slong the coast are
well aerated end have low carbon dioxide tension. The
returning salmon sre responding tc an environment more
sultable to them, The seaward migration is assumed to
be a drift with the ocean currents and the selmon stay
within trLe influence of these fresh-salt water gredients.
In returning to the spawning grounds the salmon move
ageinst the ocesn currents.

Hasler and ¥isby (1951) ere of the opinion that
the sense of smell may pley a large part in the ability
of fish to return to theilr parent streams, The acuity of
smell in fishes 1is thought to be similar in

the gsense of

sensitivity to that of dogs end insects where but s few

molecules will stimulate the end orgene. The authors



point out that salmon return to theyp parent stream in

gpite of pollution,

thought not to be sufricient, by themselves,to act as

g guide to the home strean, They state;

The nsture of the gulding odor must be such

that it have meaning only for those salmon conditioned
to 1t during their fresh-water sojourn, Any sub-

stance which hes merely s general attractant could
not gulde sslmon to their "home" tributary.

Hasler snd ¥Wisby worked with minnows under
laboratory controlled econditicns snd found thet, "the
fish reected to the distillate, but not the resldue, of
water fractlonated by vacuum distillation at 25° Cey a
strong indication that the stimulate 1s a volatile,
sromatic substance."

The nature of the attractant must remasin constant
over & long period of time, at least while the sslmon
are at sea., One suggestion, or possibility offered is
thet ¢ distinctive sromstic odor is derived from the
80118 2nd vegetztion of the watershed, and that this
odor 1s the guide or attractant enabling the salmon to
Select its home stream.

Riech and Bell (1928) have found the Pearsonian
coefficient of correlation for the number of fish caught
in the Ikatan-Worzhovoi district and in the Bristol Bay
Uistrict to be +.792 +.070. This high correlation is
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additional evidence that red sslmon of the lkatan dis=
trict are comoosed, in a lsrge pert, of Bristol Bey fishe

The rnumerous tagging experiments have demon-
gtrated that sufficient numbers of salmon do return to
the perent streesm ss to require conservetion messures
to be based on this essurption,

The rate of trevel from the Iketan district to
pristol Bry 1is reported (Gilbert and Rich, 1927) in
median number of days and varies from 12 to 20 deys from
Ikatan end 15 to 20 dsys from Unga Island. The rete of
trevel 1s faster for fish heving s longer distance to go
and the rate also Iincreases as the season progresses,
Apparently the degree of maturity of the sex products snd
the distance from the spawning grounds have & direct
influence cn the rate of travel.

Tzgging experiments were egsin made in the
Shumegin Island end Ikaten-Morzhovoil Bey eres in 19;9,
(Figring, 1940). A higher return in the Shumasgin Island
8rea was obtained 1n 1939 than in 1923, 22.6 per cent of
the fish being caught loczlly as compared to 2.6 per cent
in 1923, Lower recoveries were made in Iketen and Bris-
tol Bay 1n 1939, 3.0 and 1.2 per cent as.compered to
11.1 and 9.2 per cent, respectively, in 1923.

Part of the lower recoveries in Bristol Bay 1is
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ted
pttributed to the fishery op the south side of Unimak
I1sland which recaptureq 10.8 per cent of the fish tagged.

this fishery did not exist {n 1923

The tegeing operations i 1939 indicate thet a

large number of the Bristol Bay red salmon enter the

Bering Ses by way of Unimak Pass rather then False Pass.

Gilbert and Rich (1%27) stated the possibility of fish

entering Bering Sea through the westward passes but

they had no tag recoveries on which to base their
assumptions. The greater locally recaptured fish in

the Shumegin Islands might very well be interpreted as
indicating a more efficient, if not more intense, fishery
having developed since 1923, The Unimak Pass fishery

wag added pressure on a run of fish slready being fished
to the danger point in 1923.

Japanese Fishing Operations in Bering Sea.
The Bristol Bey run in 1937 was intercepted by

offshore fishing operstions of Jepanese floating canneries
end the failure of the fish to return to the Bristgl Bay
fisheries is shown in the drop of the index for 1%32,

the psrent yeer of the 1937 run. Japanese fishing
vessels began fishing crabs along the Alaska Peninsula
#nd in Bristol Bsy in 1930. From one to four floating

canneries were opersted during the following yeers. In
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addition to the creb ceneries trere were also the fol-
1owing vessels 1n Bering Ses in 1936: The Japanese

floating selmon .cennery Chichitu Yrru, sccompanied by

six fishing tenders, was ohserved fishing about two
miles of g1ll nets about 100 miles southeast of the
pribilof Islsnds,

The training ship pskuyo Yaru of the imperial
Fisterles Institute made its ususl annual cruise to
Bering See with students of pelagic fishing methods.
Experimental canning of sslmon as well as creb meat was
cerried on in 1936,

The trawler type vessel Jenyo Meru of 657 tons
accomﬁanied by one auxilizry motor vessel of 61 tcns end
working under an appro>ristion of the Japanese Covernment
mzde studies of the migrsticn routes end availability of
salmon in the extra-territcrisl vwaters of Dering Sea.

During the summer of 1537 (Bower, 1938) three
Jananese floating csnneries were operzted 4n Pering Sea,
The Taihohﬁ.ﬂggg was accompanied by 12 bottom trawlers
verying from 75 to 1950 feet. The Toten Meru by eight
laurcl.es and one creb-trap planter; and the Iaiyo Meru
by three auxiliery vessels. The Tslyo “aru was nbout
<0 miles west of Ugashlk Bay and its three suxiliary

Vessels each operated glll nets about two miles long.

The training ship Eexuyo taru, with its students in deep-
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gca fishing, navigation, snd seamenship, wes also in
sering fea. This vessel wes equipped for experinental l
canning of sslmon and ersb.
Fishermen and peckers in Bristol Poy were much
glermed over the Japesnese sctivities, end protested
vigecrously against the interception cf the salmon runse
Fxtensive hearings vere held on bills introduced
in congress to protect the Americen interests in the
fisheries. The Secretery of “tste ennounced in Kerch
1938 thet the Jepenese Covernment stated thet their
official survey of salmon fishing in the waters of
pristol Z2ay end the igsuesnce ¢f licenses to Japanese
vessels to fish in these wsters would be suspended.
In crder to prevent a similer situstion in the
future the United States, by Presidentiasl Proclemastion
on “entemher 28, 1945, has declared the establishment of
conservation zones on certzin srees of the high sesas
contifuous to the coasts of the United States wherein
fishing activities have been or in the future may be
developed end meintained. This will aidly where the
fisheries sre of substentisl size and heve been developed
8nd mainteined by its (United Stetes) nationels alone,.
The conservstion zcnes will be explicitly bounded areag
In which fishing will be subject to regulation and control
°f the United States.
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The procleretion a*so provides for treeties
covering weters fiched :nd meinteired Jointly by our
naticnels ard those of otler countries, end also concerns
reciproca’l agrecments rogirding fishing with cther na-
tions. 1This in no way {nterferes with the normal

pnavigation of oflshore weters,

verect of Txploltling 2 Mired “opulstion
-'

I the hLome siream theory 1s accented, and 1if
esch soswning ares 1is de=med to have its own onerticular
populaticn end 1s to be trested as & unit, then the
exploitaetion of the fisheries must be in such a manner
tiiet each unit cen be jrotected ss3 the need may bhe.
Confiring tre fishing to the estueries of the streams
would lend itself to far better control than permitting
e heterog=ncus »opulation to be exploited hundreds of
miles away 2nd two or more werks trevel time from the
spewning grounds.

A11 tagging experlments to date Lave demonstrated
that the Bristol Bay red sslmon cn the south side of the
peninsula are a mixed populetion, containing individusls
destined for a1l tlie different spawning grounds 4in Bering
‘ea. o determination has yet been made as to where
tke 7ish fcr the vorious rivers lesve the main body of
fisk., end form thelr own school to meke their way indepen-

dently to their own particular spawning ground. At the
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present time the different units are not known to Dbe
gerresated previous to treir entry into the different
estueries, and scme fishermen sre of the opinion that
galmcn mey enter & river or bay s few miles and then go
out agsin.

Frequently during recent yesars it hes been
necessary to shorten the fishing season in Bristol Bey
because of poor eseanement, There is no way to Judge
escanemont before the fish are due to arrive on the
spawning ground. Vhen the fishing is being ccnducted
adjacent to the spewning ground this measure is effective
in securing additional escenement. It will aveil little
to close 8 fishery conducted st a distance requiring two
or more weeks trevel time for the salmon to reach the
spawning grounds becsuse the demage to the run will be
done long before it 1s realized snd there will be very
few 1if any fish to be saved,

The detrinentsl effect of intercenting the
Bristol B3zy run by the offshore fishing operations of the
Jrpanesn was fully reelized end crused wide spreed slarm,
It 18 wall within the reslm of possibilities thet many
Of the conservation problems connected vwith Bristol Bay
*ed salmon are primerily Adue to the run being intercepted
8t a congijerable distance from the soswning ground. It

1s most dif£ficult, if not impossible, to satisfactorily
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regulate a fishory et a distance in 1ight of present

Knowledga of the salmon,

gatenti&l Ability of /ires to Sustein kun

In the last analysis the size of the Bristol

pay runs will depend upon how many ycung selmon the 24
ma jor lekes in the &areea esnm prcduce. The febulous runs
to sristol Basy prior to the esteblishment of the cenreries |
attest to tLe potentisl of these lekes. G50 date the
situstion in Bristol Bry i1s fortunate in thet the lake
slores &nd adjecent terrsin are practicelly tlie szwe as
one hundred yecors ago. There sre no cultivsted fields |
or logsed of hillsides to chiange the charecter c¢r samount
of runoff{ into the lekes. JSo. far no power projects have
added complicetions snd there sre no problems of pole
lution due to industrializstion.
There 1s & possible question as to whether c¢r not
conditions in the lakes are the saume as they were fifty
vears sgo, &nd if the chanses would be e benefit or a
detriment to thLe young szlwon. Lan is directly resion-
s8ible for Laving decressed the number of spawning sslmon
volng into thLe lakes and in this way decrcased the
humber of fry and fingerlings inhabliting the lskes. At
first thought i1t mizht seem that the reduced population
of Young fish would have mo.re spece and mo:e food snd

Stould thrive better under the new conditions. This
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picht be the case, but there i1s slso the possibility
tret some other species has gained in numbers in using
the excess food either directly or indirectly. There
gre no records of the past by which the present may be
judged, but & study of present ccnditions might indicate
shether or not the selmon's former plece in the life of
the lake 1s now occupied by snother species. Increased
escarement in itself mey not be enough to bring the
gree back to its former ponuletion of selmcn. It may be
necegsary for man to 2id the sslmon in regairing their
place in the 1ife of the lakes.

The ability of sny body of water to support
life depends upon the various nutrient materisls end
chemicals that sre brought to it by the runcff from the
ad Jacent terraln. Slowly but surely thece matcrisls are
carried to the sez. The‘Paciric salmon sre unique in
thzt they mske their greatest growth during their ocezn
life end then return to die in the streams and leakes of
their origin. In so doing the salmon bring back msteriel
from the seas snd deposit it where it 1s agein avsilsble
to 1ife 4n the 1lakes. The reduction of the number of
Rrture fish returning to the spsuning grounds has redured

the total emount of nutrients being returned,
Barnsby (1944) in the experiments at Kerluk states:
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The yeerly increment of solusble phosphorus 18
genendent, very lergely, upon the number of spawning
¢ish wiich enter the laske esch yesr. There wes from
13 to 10 times the cincentrstion of ohosnhorus in
the water et ihe mouths of the strerms ss in the
water of the seme strerms, on the szme destes, above
the eres where soewning snd spewned-out salmon were
found. Furthermore, 8 nert of the salmon spawn
along the beaches snd eventuelly die, and the car-
casses, togcther with tre cercssses which drift
dowvnstreasm into the lake from the tributsries,
decomnose &nd the phosnhorus conteined therein
bvecomes aveilable to the phytoplankton, A shorte
gge of ohosnhorus in the lake vater rould inhibit
the growth of 1l forrs of nhytoplankton.

It is apparent from & study of the chemicsal
snelysis of the lake water and of the streem weters

thet both pheosphorus and silicon are being ebsorbed,
during tre sumrer months

by thie phytoplarkton as
fast as they become avaiia

ble, for otherwise the
concentretion of these chemicsls in the leke weter

would an»roach thst found in the streams. Since
the coreerntrsticn of thece ctemicals in the leke

weter during the summer wonths wrs less thken a
messurable azmount

it i{s evident thet they must be
1imiting fectors in the production of tre phytonlank-
ton and mey possibly be effecting indirectly the

srowth and survivel c¢f the red salmon fingerlings
of Kerluk Lake,

It has been the practice of the processors of

salmon to dump the unused portions of the fish into the

rivers snd bays at their pleces of operetion. WMany of

the cenneries, of recent years, have installed disinte-
grators 4in order that these wnste products mey be more

readily carried away by the tide. It would be possible

to run the waste products from the disintegrator through
8 centrifuge end reduce the bulk to an amount that would
ot he too difficult to transrort to the snawning grounds.

This could be done in @ limited way until experimental
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cvidence w83 grthsred as to whethor or not such 8 Prec”
tice would be justified,

hdplicetlon of verious forms of fertilizers might
pe used to furnlsh an edditional amcunt of phosphorule
7ertilizers would have en edventege in being less bulky
gnd therefore eesler to transport to the more inacces=
gible lakes. The phosphorus eycle has not as yet beon
worked outj neither is the precise connsction betweon
zoonlenkton end phytopleankton thoroughly understood.
sSonething other then shosphorus might be the limiting
fs>tcre The utilization of what is now waste would be
closer to nature's arrangement end micht prove in the
end to be the most fessible.

Foerster (1925) in an enalysis of the contents

of the digestive tracts of sockeye fry and fingerlings

in Cultus Leke found (yelo:s, _anhnis, DBese'ne, &nd
Ipischurn in tre order nazmed with {yclons forming the
®s jor part, and very few Dpischura. Nauplii, rotifers
#nd Protozoa were entirely sbsent,

Pinrerlings from the Stuart lLake Pistrict hed
teken nrincipslly insects, especislly chircnomid lervas.
A lack of plankton collecticns in this srea prevented s
Getermingtion as to whether a leck of (rusteces foreed

the fry to toke fnsects.
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Sockeye fry were placed in cages in Cultus

1ake &t verying depths and Bosmina ohtusirostris was
found to be the most abundent constituent, with Cyclo2s
picuspidatus end Zeohnis oulex forming the other two

orgenisms. Hotifera were found only in those fry held
in water at the two-fcot denth,

Ricker (1937) found pelagic plankton crustacesns
to be practically the only food of sockeye fingerlings
and the most importent food of the older fish. The
smount of food tsken increases during the sum~er reach-
ing a height 1n August, declining through the winter and
incressing asgain during the spring, The fingerlings
consume Cyclops and Eosming when very small snd in
later summer mostly Daephnia. Cyclops is the chief food
during fall and winter, snd Epischura is uncommon at
all times,

Cbservetions of fingerlings in cages suppest that
fingerling sockeyes feed mostly at depths ranging from
5 to 15 meters. In Cultus Lake this area will normally
include the whole of the thermocline and s nerrow strip

Of the epilimnion and hypolimnion. The upward range 1s
Probably limited by tempersture and the lower by the
8b111ity to see.

Extremely large populations of fingerlings show

8 smaller aversge size and this 1is thought to be due to
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1ntrespecific competition for food.,

Seaward migration occurs at the seme time that
available food is incrersing and the migration is
probably not en effect of melnutrition.

The findings in the shove two experiments are
in good agreement. In general the fry apparently fed
on whatever Crusteaceas were the most sbundant.

Clarke (1939) points out that a failure in a
gore or less remote link in the food chain may result
in ratrer poor production of an economically important
animal. He reports widely different theories sdvanced
by investigators in sttempting to determine more osre-
cisely the relation between copepods snd distoms. The
traditional impnression of copepod production has been
that it 1s dependent unon the growth of distoms, Lowever,
some workers heve found copevods spewning successfully
8t a time when diatoms of the regicn were at a rather low
ebb. Young copepods are st times fcund in patches of
diatoms while the majority of older copenods sre outside
the diatom zones. The longer t!me reguired for the
develooment of diaésms is offered e&s an explanation of
the incressed number of copepods rppearing after & periocd
°f phytoplanikton bloom.

"Grazing" of herbivorous plankton enimsls such as
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copepods may act as regulators of the plant populstione
rarly experiments at Yood's liole (Clerke and 011115’1935)
guccested thet microorganisms might play an importsnt
role in the nutritive requirements of Calsnus. Later
wvork (Fuller end Clerke, 1926) ruled out bacteris as 8
possible food but left the guestion open for other types
of nonplankton. Further laboratory experiments end ob-
gervations under natural conditions are necesssry before
the exect relation between diatom population and success
or failure of the copepod cron will be knowne

This serves to illustrate the complexity of the
food chain and to point out that the problems relating
to the availability of food for yocung sslmon denend upon
further investigstions. There 1s pressing need for
limnological research in Bristol Bay in order that this
knowledge can be brought to bear on the conservation

problems.



PART II1IX

USE OF THE MATERIAL

Need For Conservation Rducatio

-]

Adult _Pducestion

The conservation problems are twofold. First
facts must be gathered and escertained, and secondly,
the public, and particularly those intimstely sssoclzted
with the fisheries, must be informed of these facts.

Tre regulations necessary for the protection of the
fisheries must be grounded on facts and the publiec

must be aciuzinted with the facts. In dealing with

the public it is 1mportsnt that sclentists always bear
in mind that many of the pecple they sre dealing with
have not hed the benefits of scientific training. The
exnlanations and discussions must be in terms thet are
undergstandable to the fishermen and other interested
persons.,

If the need for perticular regulations is thor-

Ourhly understood by those effected, then the enforce-

ment problem is lsrgely solved. It is not rcasonesble

- 94 w
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to expect fishermen of s given area to accept restric-
tions end curtailnent if they believe that the fish
jestined for that ares are being intercepted and
exploited at some other point. Yhether or not the
fish sre beling intercepted is e matter to be deter=-
mined by investigation. The importsnt consideration
is thet the fishermen concerned believe this to be sO,

end they must have the facts of the matter before thelr

willing cooperation csn be expected,
Gilbert and C'Melley (1919) in their report

states

The trend of events, at lesst, should be ascer-
tained and an opportuni%y given wlsely to safe=-
guard parsmount interests before irretrievable
harm has been done. To this end it is essential
that wherever possible streszm ststistics be pre-
pared and that tley be made public yeesr by year.
It will then be possible to leern how well the
oublie trust is being sdministered., Should such
strtistics prove a progressive denletion of thre
selmon sups2ly in any or &ll districts, it is to be
honed public sentirent will be eroused snd would
find expression, demanding adequate protective

legislation.
Publiec school teeschers cen do much to aid the

adults i{in the community to understand the issues invol-

Ved by explaining end interpreting the renorts of

Scientifie investipstions of fishery problems. It is

desirable thet the people heve 2 pert in the formetion

8hd adoption of sound conservetion progrems, This
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phase Of conservation educstion wiyg 1y all probabil-

ity be carried on outzide formal ¢lasses. The tescher

essl
puss ng definite inferration on fishery problems will

be sble to contribute to Public and privete discussions

of these problemg,

.Ig the School

If we are to hold any hope for the future then
certainly it is necessary to teach conservstion in our
schools, This is best eccomplished in most cases by
integrating conservation with the existing curriculum.
Conservation of the fisheries, end the related problems,
lend themselves admiradly in this respect in the schools
of Alaska,

If, in our teaching, we are to proceed from
what the children know and ere familisr with, to that
which is new and unknown, then we could not find a better
starting plece than fish and especislly salmon. All
children of Alaska, end esvecially of the coast towns

are interested in fish gnd fishing.

onee; To Be Develope

Enotoszgtheglg

The study of photosynthesis in general science

and biology classes camy or rather should, be used to

teach that all life in fresh and salt water as well
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gs on lend depends directly or indirectly on the
gbility of green plents to convert the energy of the
sun into energy that can be used by organisms not
possessing chlorophyll,

Light must penetrete tLe water before it can
be used by the green plants. Logred off hillsldes
and poorly managed farms will result in faster run-
off resulting in incressed turbidity cf the water,
Turbidity effects the light penetretion in the streams
end lekes and this reduces photosynthesis and less
phytoplsnkton is produced. The fisherman 1s ccncerned,
knowingly or not, with soil conservetion and ccnser-
vation of the forests. In starting with fish as an
introduction, it is possible to srrive at other con-
servetion problems.
tater Cycle

Fxtreme high snd low water levels in the streams
end lskes do not provide 2 favorable environment for
salmon, The 1mportence of ground ﬁgter should be
stressed, A constent supply of water is needed for
suitable conditions on the spewning grounds. The stu=
dents should appreciete the necessity of vegetation on
the watershed to sid in maintsining sn ontimum water

level 85 well as in checking erosion.



Erosion and Deposition

Erosion and deposition ere
tinuously at work,

dynamic forces con-
A combination of the work of glaciers
and moving water has given the streams and lekes the
cleen gravel necessary for salmon spewning grounds.
Studies of the role of erosion and depogition will
also serve es en introduction to the study of wind,
vave and current action in the formetion of beaches,
bays,end spits,
Dengity and Viscosity of ¥ater

Water has the unique property of having its
maximum density at 4° C (39.2° F) instead of just prior
to becoming ice, and this results in lakes freezing at
Ice having less density tten water, floats,

the surface.

and the winter conditions ere such thet the colder water

1s at the surface and the wermer water et the bottom of

I1f it were not for this phenomenon lakes
end be uninhabitable for

the lake.

would freeze from the bottom,

most, if not ell forms of acquatic life, including

salmon.
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Physics clesses might consider the variation$
4n viscosity of weter at different temverrtures. It is
tnese varietions in connection with verying density end
the mixing sction of wind which produce thermsl stratifi-
cation and the spring and fall overturn are closely
releted to the fresh water 1ife of the szlmon. ¥Thether
we approach the lake 1ife of the sslmon from the stand-
point of a physics teacher, or approsch the physical
phenomena occurring in the lakes from the standpoint
of a blology teacher mekes no difference. 1In either
case the students are helped to better understend their
environment,

Preductivity of Streams snd Leokes

Pure water will not support life of any kind.
A1l lskes and streams depend upon the surrounding lend
to furnish a lsrve pert of the chemicals necessary to
meintein 1ife. The geology cf the asres is directly
connected with its sbility to support the run of sslmon.
A knowledge of the local geology will further the under-
8tanding of some of the problems of maintaining the run,

Heletion of Living Things to Their I'nvironment

A study of living things in their various hebd=-
1tats will revesl thet they are well suited to their
®Avironment. fThis is especisl'y true of animels living

In fost flowing streems. The bodles of these animsls
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have rounded contours, are flattened and offer j1ttle
pesistance to strong currents. Eome of ti.ese animsls
have special forms of attechment that enable them to
cling to supporting objects, while cthers have well=
developed burrowing ability, Studies of these anicals
ghould be mscde on field trips if st all possible.

Animels inhabiting wave swept shores are sble
to bury themselves in the hard packed sand when necding
protection.

Fishes, such a&s the well proporticned and trim
built salmon, have long been studied by wmen seeking to
build ships thet would pass through the water easily.

Living things are psrticulsrly suited to live
in the environments in which we find them. Any grest
change in environment will drastically effect the normal
populations, and if tie chenge 1s great encugh it will
make thst srea uninhabiteble for many of the forms in
this population., Dams, barricades, pollution and exces-
sive silt lo=ds in strezms have 1n the past adversely
affected the fisheries. Students should be made well
sware of the possible demage to the fisheries by indus-
trialization, power devclopment, or logging operations
in order to competently judge the resl velue of these

brogrems if they are to be made &t the expense of the
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rishery involved,

Interdeuendence of Living Things

The oxygen &nd ecrrbon dioxide exchange in an
agusrium as usurlly taught in high school classes may
be resdily epplied to salmon and their oxyren require-
ments.

Consideration of food chains, or perhaps more
correctly the food web involving salmon, will sfford
an opportunity to study the effect of commercial fish-
ing. Man 18 but one of the many forms of animals utile
izing salmon, in one stage of its life or enother, as
foods In former yeers man's take of the sslmon run
was comparestively small, but was markedly increased
with the development of com:ercial fishing and canning
industries. If man 1s to ccntinue tszking an incrensed
shere, then it may well be necessary to relieve the
Pressure on the selmon by some of its other encmies.

In the last anslysis the conservation problems concern=-
ing the iristol Bry red salmon are the problems of
mainteining e scheme ¢f things 1in which man will take a
larger shere than he formerly did. These food relstions
8re extremely complex and dynamic. Ko permenent solution
to the problem cen be reesonably hoped for. Continual

ad Justments and cczpensaticns will have to be made, and
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¢this is sn entirely natural stete of sffairs, The fish-
yng pressure thet the run will stend will depend upon
gen's ingenuity Iln mecting the ever new situstions @8
they erise. Adiitional knowledge and understending
arising from research and careful observstions will
weligh heavlily in man's favor toc meet the situetions s
they present themcelves in the future.

Ixnlorstory Vslue of Conservation Studics

A study of the conservstion problems relative
to the red salmon of Bristol Bsy will af’ord an oppor-
tunity to explore meny erees of sclence. The student
will be esble to make incuiries into the fields of
rotany, zoology, physics, chemistry, and mathematics in
direct connection with the studies. The need fcr
langusge snd grsmmer can be shown in order thet the
results of research mey be expressed in terms unmis-
tekably clear to interested persons, and persons who
sre not hiphly treined in science. The social sciences
have their implications in the situation as it affects
the soe1al snd economic stetus of the residents of the
. district,

A tremendous emount of work remsins to be done.
The high school student may select his 1ifes work within

&ny of these greas, end be cuonfident that his contribution

Yo society will be valuable and worthwhile.
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Use of Conservetion Mate-ial
in Verious Cubjects

Sugrestions for the use of the meterials in
gclence classes have been given ebove in a general
way. The extent of the study will no doubt be deter-
pined by the interest snd ability of the classe.
vnzlish

Selmon end salmcn fishing, pienic trips to the
lakes, 8and obcerveticns of the canning operations are
abundent sources for materisls to be used in oral and
written work in Fnglish. Interviews with old timers
in the community, vhose memories reach back fifty years
or more will furnish interesting matérial for reports,
compositions, end articles for the school paper.
Fistory

The history of RBristol Ery communities is
largely the history of the develooment of the fisheries.
Past practices employed in the fisheries have a direct
besring on the conservation problems of today. The
anaﬁeso fishing operetions in the Bering Sea during
the 1530's are, 2t one end the seme time, a problem in
Conservetion anéd a problem in interneticnal relstions,
The Presidentisl Proclamation of September 28, 1945 was ’

Tade primarily to prevent the recurrence of a similar
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gituation. Certainly all persons residing in Bristol
Bay should be familisr with the provisions of this
proclametion. (See po. 39 end 84 of this paper).
yathematlcg
The nsture of the experimental design of any
biologlical experiments concerning red salmon will
involve mathematics more advanced than that of the
secondary level, A working vnowledge of mathematical
formulas and equations ss acquired in algebra will
greatly aid in understanding populetion studies, A
"need" to study slgebra might be developed from this
approache o,
An arithmetic cless can use data on the yesarly
packs of canned salmon, the dollar value of the pack,
and the number of fish caught in construction of granhs
and in problems of vercentage. The average number of
cases pecked over a ten year perlod, snd the percentere
of the various species caught has real meaning to
children 1living in fishing communities,
Ceosraphy
' A lot of geogranhy csn be teaught by studying
the migratory routes of the selmon. The salmon pssses
by the Bristol Bay villages on its sesward migration es

%ell ag when homewsrd bound to the spawning ground, The



story of & can of salmop Would include practically all
of the inhabited pertg of the world

Bandbook Needed

These are but a few specific instances of the

ways that salmon and the need for conserving the

resource may be used. The versatile teacher will find
many more. Many competent teachers may not be too well
acquainted with the fisheries and related problems.

High schocl text hooks dispense with salmon in a line

or two, or & paregraph at the most. The needed informa-
tion is 1in numerous government end scientific publicae-
tions, and the busy teacher can herdly be expected to
literally dilg the materiasl out of these sources. A
compilation, or a hand book contsining the necessary in-
formation and deteiled teachiﬁg suggestions and tech-
niques et different grade levels would aid greatly in

implementing a progrem such as the one suggested.

Figsheries as 8 Course of Study
Portland, Ksine

Some of the larger communitises might desire to
add a course in fisheries to the curriculum. The Port-
land Ksine High School offers a vocetional course
entitled, "Ocean, Berbor and Waterfront." The course

18 econcerned with the details of the fishing industry
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gypes of fishling, geer, hendling the cetch, selling
the catch, and methods of merchendising the nrocessed
produCt.

The aim of the course is to slace in the hands
of the student such knowledge end skills as will help
him to errn & living frcm the ses or from waterfront
gctivities resulting therefrom, The course is populer
with the students and well received by the community.
veterfront business concerns have given ssgsistance by
furnishing speskers, litersture #nd verious samples that
they possess. The Xaine “tate Depsrtment of fesz and
Shore Fisheries has given enthusisstiec ané generous
cooperetion, serding exrerts and wardens to speak to
the class srnd furnishing the results of state research.

Schools of Alescska

A suggeéted course suited to the needs of Alaska
would be primerily concerred with the 1ife history end
the problems of conservation of selmon. The course
would elso tesch the rending and c-re ¢f nets and other
forms of fishing geser used in the srea; splicing, care
end randling of linesj maintensnce and repair of bosts;
use of eharts and £ids to navigetion; and problems of
morketing and price flucturtions. Thie Lnowledge would

be useful to those intendlng to enter commercisl fishing,



of any community, tne economy of

on the resources of the fisherieg

which regts squarely
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