. e S

A9a

lechnical Papers

OF THE BUREAU OF SPORT FISHERIES AND WILDLIFE

68. History of Salmon in the
Great Lakes, 1850-1970

. {
UNITED STATES DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE




Technical Papers,-~This publication series of the Bureau of Sport Fisheries and Wildlife comprises reports of
Investigations related to sport fish and sport fisheries, Each is published as a separate paper,

but for economy :
several may be issued in a aingle cover, The Bureau distributes a lirnired number of these reports for the use of !
Federal and State agencies and cooperators,

(Papers 1 through 3 are in ane cover)
1, Distribution of Phytoplankton Populations in Sandy Hook Bay and Ad
Conditions in June 1962, by Teruyoshi Kawamura, 1966, 37 P.
2, Zooplankton Communities of the Navesink and Shre
Yamazi, 1966, 44 p,
3. Observations on the Marine CI
Croce, 1966, 13 P.

4, Flathead Lake (Montana) Fishery Investigations, 1961-64, by Otis Robbins, Jr,, with statistical analysis by
Donald D, Worlund, 1966, 45 P»

Ecolegy of Gila Trout in Main Diamond Creek in New Mexico, by Danny M, Regan, 1966, 24 p,

jacent Areas in Relation to Hydrographic

New Jersey, by Isamu ) ‘;‘

adoceran Penilia avirostris in Northwestern Atlantic Waters, by Norberto Della

(Papers 6 through 9 are In one cover}

6, Studies of Caloric and Vitamin Levels of Salmon Diets, by Laurie G, Fowler, I
and Allan E, Thomas, 1966, 14 p,

7, Vitaming Essential for Growth of Channel Catfish, by Harry K, Dupree, 1966, 12 De
8. Effects of Age, Growth, and Diet on Characteristics of Salmo

Howard McCormick, Jr,,

n Fingerlings, by Joseph W, Elliott, Laurie G,
Fowler, and Roger E, Burrows, 1966, 11 Pe
9. Response of Channel Gatfish Fingerlings to Different Levels of Major Nutrients in Purified Diets, by Harry K,
Dupree and Kermit E, Sneed, 1966, 21 p,

10, Marking Fish Wirh Dyes and Other Chemicals, by Dean E, Arnold, 1966, 44 p,

11, Surface Temperature Gradients Observed in Marine Areas Receiving Warm Water Dizcharges,
Squire, jr, 1967, 8 Pe

12, Seasonal Abundance of Aquatic Invertebrates and
Harry D, Kennedy, 1967, 41 P.

13, Test of Different Components in the Abernathy Salmon Diet,
1967, 18 p,

14, Interspecific Hybridization of Esocids: Hatching Success, Pattern Deve
Hybrids, by Keen Buss and Jack Miiler, 1967, 30 P.

15, Brook Trout of Creat Stnoky Mountains National Park, by Robert B, Lennon, 1967, 18 P.

16, Effects of Alkyl Benzene Sulfonate on Rainbow Trout, by Thomas J, Hassler, John M, Neuhold, and William F,
Sigler, 1967, 15 P.

1
17, Tissue Changes in Puffers Exposed to Methoxychlor and Methyl Parathion, by Ronald Eisler, 1967, 15p,

by James L,
Their Utilization by Hatchery-Reared Rainbow Trout, by

by Laurie G, Fowler and Joe L. Banks,

lopment, and Fertility of Some B

{Papers 18 throuah 22 are In one cover)

18, Fish Sampling and Estimarion of Relative Abundance in Lewis and Clark Lake,
1969, 1i5p,

19, Use of an Echosounder
Applegate, 1969, 6 D.
20, Some Effects of Silt Turbidity on Behavior of Juvenile Largemouth Bass and Green Sunfish, by Norman W, .

Heimstra, David K, Damkot, ang Norman G, Benson, 1969, 9 p, :

1ological Characteristics of the Sauger Popuiation in Lewis and Clark Lake, by William R, Nelson, 1969,
1p,

Hology of the White Crappie in Lewis and Clark Lake, by Richard E. Siefert, 1969, 16 P«
eration of Abernathy Chamne] for Incubation of Sairme

by Charles H, Walburg,

In Measuring Distribution of Reservoir Fishes, by James W, Mullan and Richard L,

-

n Eggs, by Allan E, Thomas and J, M, Shelton, - f
= 963. 19 P-
§Biology of the Crayfish Orconectes causeyl and Irs Use for Control of Aquatic Weeds in Trout Lakes, by

ack L, Dean, 1968, 15 P.

OJdclty;.of Pesti

26.and 27 are In one cover)

ests Vitamin Supplements and Formula Changes in the Abernathy Salmon Diet, 1966-67, by Laurie G,
_;_Joe L. Banks, 1969, 19 p,

COI}I Oil and Beef Tajlow on Growth of Channe) Catfish, by Harry K, Dupree, 1969, 13 b,
Estuarine Dependence of Atlantic Coastal Fishes, by John Clark, w, G, Smith, Arthur w,
and Michae] P, Fahay, 1969. 132 p,

over)

-Pike In Osahe Reservoir, 195965, by Thomas J. Hassler, 1969, 13 p, '
' tistics of Northern Pike, Walleye, and Sauger Populations in Lake Sharpe, South H
and ‘Thomas J+ Hassler, 1969, 17 P, :

cides to the Crustacean Gammarys lacustris, by Herman O, Sanders, 1969, 18 P.

— it

. (continued on inside back cover)




- s e

lechnical Papers

OF THE BUREAU OF SPORT FISHERIES AND WILDLIFE

68. History of Salmon in the
Great Lakes, 1850-1970

By John W. Parsons

UNITED STATES DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE

BUREAU OF SPORT FISHERIES AND WILDLIFE
Washington, D,C, . April 1973




CONTENTS

L A A

Distributionandabundance.........................
St.LawrenceGulfandRiversystem.................

LakeOntario................ .......
BiologyofLakeOntariosalmon..... e e e e ey
General characteristics of Lake Ontario salmon . , , .., .. .

Migrationandspawning..........................
Lake Ontario salmon: freshwater residents or anadromous?
Wilmot's observations on the life history of the Lake Ontario
salmon
The decline and extinction of Atlantic salmon in Lake Ontario
Declineinabundance....................... .....
Causesofdecline......—........................
Attempted remedies for the decline..,............. .
Atlantic salmon propagation in Ontario, .., ,...... e
Culture of Atlantic salmon by Samuel Wilmeot, 1866-81 . , . . .
Analysis of Wilmot's reports.,,...,

e

Part [I--Exotic Salmon in the Great Lakes...,.......... .

Artificial propagation of exotic species of salmon in the Great
Lakes, ,
Salmon planting records and results, 1873-1947..,...... .
'Chinooksalmon............. .....
LakeOntario...............................
Lake Erie , . .
Lakes Huron, Michigan, and Superior . . , .. .. N
Atlanticsalmon...............................
Othersalmons....‘.......;....................
Cohosalmon................................
Masu salmon ,,....,,. .
Evaluation of propagation of exotic salmon before 1950 , . , . ..
Plantings of Atlantic, pink, and kokanee salmon et e e e
Atlanticsalmon...............................
Pinksalmon.................................
Kokanee salmon. ...,..............
LakeOntario...............................
LakeErie.................................
LakeHurqn................................
L‘akeMichigan..............................
LakeSuperior...............................

L R I I T,

L 2 T I L

10
10
10
11

13
14
14
15
17
18
18
22

23

23
25 -
25
33
36
36
36
42
42
42
42
42
42
43
43
43
47
47
48
48




Coho and chinook salmon
Coho salmon, 1966-70, . v o v o v e v n v

- % 8 8 4 2 8 " s 8w

Recoveries from planted stocks. .....
Average weights and growth , . ......
incidence of sea lamprey predation. . ..
Natural reproduction . . . ..
Chinook salmon, 1967-70. ., ....... can
Recoveries from planted stocks. .....
Average weights and growth . . ......
Incidence of sea lamprey predation, . ..

Natural reproduction . .
Status of the coho and chinook salmon fisheries. . ...

Acknowledgments .

References, .

-------

P T B A A R I} [ ]

Page

48
50
S0
65
66
67
67
67
73
74
74
74
76
76




HISTORY OF SALMON IN THE GREAT LAKES, 18501970

By John W, Parsons
Great Lakes Fishery Laboratory
Bureau of Sport Fisheries and Wildlife
' Ann Arbor, Michigan 48107

ABSTRACT.-~This history of the salmon in the Great Lakes describes
the decline and extinction of the Atlantic salmon (Salmo salar) in Lake
Ontario in the 1800's; the failure to establish, by salmon culture, perma-
nent or sizable populations of Atlantic or Pacific salmon in any of the
Great Lakes in 1867-1965; and the success of the plantings of coho
(Oncorhynchus kisutch) and chinook salmon (Q. tshawytsha) in the Great
Lakes, in 1966-70 -~ particularly in Lake Michigan,

Despite plantings of 5 million fry and

fingerlings from Lake Ontario

stocks in 1866-84, the native Atlantic salmon in Lake Ontario became
extinct in the late 1800's primarily because tributaries in which they
gpawned were blocked by mill dams, Plantings of 13 million chinook
salmon and landlocked and anadromous forms of Atlantic salmon in Lake
Ontario and the other Great Lakes in 1873-1947 failed completely, The-
first species to develop a seli~-sustaining population was the pink salmon
(Q. gorbuscha), which was planted in Lake Superior in 1956; however, it

has not become abundant.

A salmon fishery finally was established when 15 million coho salmon
and 6 million chinocok salmon were planted as smolt in the Great Lakes
in 1966-70, In 1970, for example, 576,000 coho salmon (129, of those

planted in 1969) were caught by anglers

In Lake Michigan, Most weighed

5 to 10 pounds (2.3-4,5 kg), Sport fishing for salmon was fair in Lakes
Superior and Huron, and poor in Lakes Erie and Ontario,
By 1970, natural reproduction of coho, chinook, pink, and kokanee

Q.

nerka) salmon had occurred in some tributaries of one or more of

the upper three Great Lakes, It 1s expected, however, that the sport .
fishery will continue to be supported almost entirely by planted fish,

Introductions of coho (Oncorhynchus kisutch)
and chinook salmon (C. tshawytscha) in the
Great Lakes in the mid-1960's resulted in an
unprecedented, enormously successful put=
and-take freshwater salmon fishery, In 1970
alone, for example, an estimated 625,000 sal~
mon were caught by anglers in State of Michi-
gan waters of Lake Michigan, This phenomenal
Tishery for Pacific salmon is the culmination
of a long history of salmon--native and in-
troduced-~in the Great Lakes,

Before 1850, the Atlantic salmon (Salmo
salar) was the most important fish in Lake

! Contribution 470 of the Great Lakes Fishery Laboratory,

Ontario and its tributaries (Niagara Falls
barred its entry into the other Great Lakes),
Even in the earliest historical records, salmon
were referred to as a valuable source of food
and their abundance was believed to be an im-
portant factor in the early settlement of the
Lake Ontario region (Smith, 1892),

The Atlantic salmon in Lake Ontario de-
clined sharply in the mid-1800's and was
extinct by 1900, This failure led to a number
of publications speculating on the causes, and
brought about strong measures by Ontario
provincial authorities in the late 1800's to




reestablish the species to its former abun-
dance (by salmon culture) and to introduce
other species of salmon in Lake Ontario and
possibly the other Great Lakes. Most of the
Great Lakes states of the United States fol-
lowed suit, As a consequence, salmon of one
species or another have been planted in one or
more of the Great Lakes or their tributaries
in most years from 1867 to 1970,

This report consists of (Part I) a review of
the history of the Atlantic salmon in Lake
Ontario (and in the St. Lawrence River, when

-applicable) and (Part II) a record of exotic

salmon plants and results in all the Great
Lakes and tributaries through 1970,

Technical Paper 68: Bureau of Sport Fisheries and Wildlife

Part | may be useful for understanding and
solving the problems of reintroducing Atlantic
salmon in the Great Lakes, and for antici-
pating habitat requirements, biological char-
acteristics of the species, and needs for con-
trol of newly established populations. Part I
documents the plantings of exotic salmons, de-
scribes the results in the different lakes, and
lays the groundwork for measuring benefits
and establishing needs for continued plantings
of salmon. Population changes and interrela-
tions of native and introduced species in the
Great Lakes since the mid-1800's already
have been described in detail by Smith (1972).

PART I--ATLANTIC SALMON IN LAKE ONTARIO

This history of Atlantic salmon in Lake
Ontario was gathered from journals and re-
ports written by historians, travelers, na-
turalists, administrators, biologists and fish
culturists, Although a wide range of materials
was reviewed, sorted, and culled in an effort
Lo prepare a reasonably accurate and useful
documentation, references in the text are re-
stricted to those in which original and objec-
tive observations appear to have been recorded;
consequently, the bibliography does not include
a complete list of publications on the Lake
Ontario salmon, Because early writers showed
a genuine concern for the predicament of the
salmon, their accounts were sufficiently con-
sistent and factual to permit a reasonably de-
tailed description of the loss of a rich natural
heritage.

The history of the Atlantic salmon in Lake
Ontario is of particular importance because
its decline and extinction was the first of a
long series of changes in the fish populations
of the Great Lakes that have been attributed
largely to the direct and indirect influence of
man's activities (Smith, 1972),

Although ecologists and conservationists
throughout the United States today are writing
about ecology, pollution, upsets of the balance
of nature, and the destruction of aquatic habi-
tats almost as though they were new subjects,
the views being expressed are remarkably

similar to those of conservationists who wrote
about the disappearance of the Lake Ontario "
salmon a century ago.

DISTRIBUTION AND ABUNDANCE

Since the Atlantic salmon of Lake Ontario
appear to be closely interrelated with those of
the Guilf of S5t, Lawrence and the St, Lawrence
River, distribution and abundance are de-
scribed here for the entire region,

-

ST. LAWRENCE GULF AND RIVER SYSTEM

Atlantic salmon once were abundant in the
Gulf of St. Lawrence and most of its tribu-
taries, westward from Labrador on the north
and Nova Scotia on the south, and in the St,
Lawrence River and many of its tributaries
(¥ig, 1) upstream to Lake Ontario and Niagara
Falls (Adamson, 1857; King, 1866), Among
the St, Lawrence River tributaries in Quebec,
salmon apparently were most abundant in the
Jacques Cartier River (King, 1866), the St.
Francis River (Fox, 1930), and the Au Saumon,
St. Anne, and Madeleine Rivers (Follett, 1932),
Other principal salmon waters were the Riche-
lieu River and Lake Champlain and its tribu-
taries in New York (Edmunds, 1874a; Watson,
1876), and L.ake Ontario and its tributaries in
New York and Ontario (DeKay, 1842; Adamson,
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1857), In summary, Fox (1930) applicably
wrote, "the wide range of the salmon in the
lower St, Lawrence Basin [below Niagara Falls]
ig striking and significant.” 2 '

Salmon were reported to be so abundant in
the early 1800's that Follett (1932) concluded
that the 5t, Lawrence River and Lake Ontario
and their tributaries once supported the great-
est freshwater salmon population in the world,
Smith (1892) wrote that the history of early
abundance of salmon in Lake Ontario ""reads
like a romance," The frequency with which
other authors described the great abundance
of salmon firmly supports these views.

Despite the broad distribution in the St,
Lawrence River, salmon were reported (on
the basis of commercial catch records) to be
much more abundant in the lower reaches of
the river (from the City of Quebec upstream
to Montreal) than in the upper reaches (from
Montreal to Lake Ontario--see Atkins, 1874),
This comparison is poor because fishing was
far more difficult in the fast-flowing and
treacherous upper reaches than in the quieter
waters downriver, In fact, salmon apparently
were common in the St, Lawrence River above
Montreal., Bonnycastle (1842) observed Indians
gpearing salmon on a shoal of the St, Lawrence
River 32 miles (52 km) upstream from Mon-

. treal, and Edmunds (1874a) reported that

salmon formerly were common along the south-
eastern shores of the upper St, Lawrence

River and often inhabited the adjacent southerly
tributaries (Chateauguay River in Quebec, and
the St. Regis, Raquette, Grass, and Oswegatchie
Rivers in New York; Fig. 1).

LAKE ONTARIO

Province of Ontarlo,~-Approximately 30
tributaries in the Province of Ontario flow

% Approximate distances in statute miles {kilometers
in parentheses) in the Lake Ontario and St, Lawrence
System are as follows: maximum length of Lake
Ontarlo, 185 {300); eastern Lake Ontario to Montreal,
160 (258); Montreal to Quebec, 135 {217); Quebed to the
Gulf of St, Lawrencs, 300 (483); western Lake Ontario
to mouth of the St, Lawrence River, 840 (1,352); length
of the Guif, 800 (1,288); eastern Lake Ontario to the
open sea, 1,500 (2,400),

into Lake Ontario. Most of these streams are
much smaller than those in New York, and
few, if any, are obstructed by natural barriers,

According to Follett (1932) most or all of
the tributaries in Ontario supported native
Atlantic salmon at one time or another,
Salmon usually were abundant only in cool,
spring-fed streams about 10 to 20 miles (16
to 32 km) long. The Trent River, by far the
largest tributary, was rarely inhabited by
salmon, and then only near its mouth (Fox,
1930). Because the Trent River was not spring-
fed, Fox concluded that it was not favored by
the salmon. The Credit River apparently sup-
ported the largest salmon runs; Fox described
it as a salmon stream ‘'par excellence,"

Although Wilmot (1869-82) wrote extensively
on the Lake Ontario salmon, he did not publish
a list of native salmon streams. He stated or
implied, however, that 25 tributaries were
once inhabited by native salmon (nos, 1-25,
Fig, 2; he used different names for some
streams--see footnote 1 of Table 1), He also
mentioned two others (Brand and Hawkstone
Creeks) which I am unable to locate or iden~
tify,

Only rarely were salmon observed in the
Niagara River below the falls (King, 1866;
Fozx, 1930), probably because spawning grounds
were lacking there,

-

New York,--Approximately 50 tributaries
in New York flow into Lake Ontario; the four
largest are the Black, Salmon, Oswego, and
Genesee Rivers. A number of New York tribu-
taries are blocked by high natural falls, which
limited the distribution of salmon in some
streams, For example, high, impassable falls
are located 7 miles (11 km) from the mouth of
the Genesee River, and about 25 miles (40 km)
from the mouth of the Salmon River,

The Saltnon River below the falls was con-
sidered to be the best salmon stream in New
York (Smith, 1892), Salmon apparently were
not particularly abundant in the Oswego River,
an extensive tributary system that includes
Oneida Lake and the Finger Lakes and is rela-
tively free of natural obstructions,
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According to Green {1874), salmon once
inhabited all tributaries of Lake Ontario in
New York except the Genesee River. Edmunds
(1874a) wrote that salmon were most abundant
east of the Genesee River, but the Genesee
River (below the falls) and all tributaries to
the west also supported salmon, Despite these
broad descriptions of distribution, only the
foilowing 15 salmon streams (nos. 26-40, Fig,
2) were specifically mentioned in the litera-
ture: Chaumont River and Black River (Ed-
munds, 1874a); Stony Creek, Big Sandy Creek
{probably North and South Sandy Creeks in
Jefferson County), and Sandy Creek, Oswego
County (Smith, 1892); Deer Creek {Goode,
1884); Salmon River, Grindstone Creek, and
Little Salmon River (Smith, 1892); Oswego
River--including Fish Creek in Lewis County,
a tributary to Lake Oneida (Collins, 1885),
Lake Oneida (DeKay, 1842), Seneca River (Fox,
1930), and Cayuga and Seneca Lakes (Edmunds,
1874a); Three-mile Creek and Salmon Creek
(Smith, 1892); Genesee River (Edmunds, 1874a);
and Sandy Creek (Orleans County) and Twelve-
mile Creek (Smith, 1892),

BIOLOGY OF LAKE ONTARIO SALMON

Reports in the literatuie on the biology and
habits of native Lake Ontario salmon are
scarce because fishery scientists in the 1800's
were few, funds for study were lacking, and
salmon as a natural resource were taken for
granted until they bad virtually disappeared,
Most of the recorded biological observations
on the Lake Ontario salmon were concerned
with seasonal abundance, fish size, and migra-
tions, The major exception was the more
scientific work and reports by Wilmot (1869-
82). Notwithstanding the paucity of knowledge,
the combined observations of the early writers
provide a useful account of some aspects of
the salmon's life history.

GENERAL CHARACTERISTICS OF
LAKE ONTARIO SALMON

Apparently there were no measurable dif-
ferences between salmon in Lake Ontario and
those in the St. Lawrence River or along the
Atlantic coast, According to Goode {1884) and

Technical Paper 68: Bureau of Sport Figsheries and Wildlife

Atkins (1884), average weights of Lake Ontario
salmon were similar to those of coastal salmon,
About 200 fish examined in the Salmon River
fishery in New York ranged from 1 to 45
pounds (0.3 to 20.4 kg) and averaged nearly
13 pounds or 6.8 kg (the average also was
about 13 pounds for salmon of the Penobscot
River, Maine). One 40-pound (18.2-kg) fish

in Duffin Creek and one 42-pound (19,1-kg)
fish in the Salmon River were reported by
Smith (1892), Adult salmon in Wilmot Creek
usually ranged from 8 to 20 pounds (3.6 to
9.1 kg).

In 1871, Wilmot (1872) sent several smolt,
grilse, and adults from Lake Ontario to R, G,
Pike, Fishery Commissioner of Connecticut,
who compared them with stocks from the
Penobscot River in Maine, Pike concluded
that fish from the two areas were identical in
all respects, None of the authors in the litera-
ture suggested that the Lake Cntario salmon
had the size, shape, or color characteristics
of the true landlocked salmon (commonly
called Schoodic salmon in the 1800's: now
usually known as Sebago salmon),

MIGRATION AND SPAWNING

According to King (1866) Atlantic salmon
started their migration from the Gulf of S,
Lawrence up the St, Lawrence River as soon
as the ice started breaking up in the spring.”
According to DeKay (1842) the salmon as-
cended the St, Lawrence River in April and
descended in October and November, Huntsman
(1944) held the opinion that the major salmon
run up the lower St, Lawrence River was in
May, Salmon migrated through the upper St.
Lawrence River and many were caught near
St. Vincent slightly downstream from Lake
Ontario (Goode, 1884; months of the migration
were not given),

Upstream migration in some tributaries of
Lake Ontario was frequent and occurred in
most months of the year (except in winter),
Fox (1930) related that salmon were abundant
in Lake Ontario in March through November,
if not in the other months. He described
spring runs up the Salmon River in New York
and the Credit River in Ontario, and cited an
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1833 account by T,W, Magrath that character-
ized fish in the Credit River as being "firm
and full of curd as if they were within ten
miles of the sea instead of five hundred" (the
approximate distance to the farthest upstream
Intrusion of salt water in the St. Lawrence
River), -

Huntsman (1944) reported that adult salmon
migrated up the Humber River in Canada as
early as March and April, and in summer
whenever freshets occurred. Wilmot (1872)
reported that the adults in the spring runs up
the Humber and Credit Rivers were silvery
and fat--in contrast to the fall migrants which
were dark, lean, and in relatively poor con-
dition. Goode (1884) and Collins {1885) re-
ported salmon runs up the Salmon River in

* New York in June, Smith (1892) wrote that

salmon usually moved in along the shoreline
of Lake Ontario in June, and migrated up-
stream if water flow was sufficiently high,
The earliest records of salmon in Lake
Ontario or its tributaries were reported for
the Salmon and Oswego Rivers in 1657-72
(Jesuit Relations and Allied Documents, 1899
a-c). The Jesuits observed Indians on the
rivers with boatloads of large salmon in mid-
July,

Despite the tendency for salmon to migrate
into some Lake Ontario tributaries over a
period of many months, various authors fully
agreed that most fish migrated upstream in
the fall, and that they were intent on spawning,
Wilmot (1869-1882), who observed salmon in
Canadian tributaries over a span of 17 years,
stated that most of the fall migrations up tribu-~
taries were in October and November. Al-
though Smith (1892) reported that commercial
fishermen believed Atlantic salmon in certain
Lake Ontario tributaries spawned in spring as
well as in fall, there is no valid evidence that
this was the case,

The tributaries of Lake Ontario once pro-
vided a wealth of spawning grounds for salmon,
Principal spawning areas were characterized
by clear, cool water, abundant gravelly shoals,
and a relatively sharp stream gradient, In
most streams in Ontario and New York, these
conditions were most prevalent in the lower

reaches near Lake Ontario; consequently up-
Stream penetration of the salmon was limited,
The major exception was the Oswego River,
where the principal spawning grounds ap-
parently were in the headwaters, Salmon
migrated as far as 80 miles upstream to Fish
Creek in Lewis County, New York, a tributary
to Lake Oneida (Collins, 1885), and nearly the
same distance to Cayuga and Seneca Lakes
(Edmunds, 1874a). In Ontario the longest up-
stream migrations were in the Trent River
(25 miles or 40 km; Wilmot, 1879) and the
Moira River (30 miles or 48 km, to Stoco
Lake; Wilmot, 1880),

LAKE ONTARIC SALMON: FRESHWATER
RESIDENTS OR ANADROMOQUS?

The question most troublesome to early in-
vestigators of salmon in Lake Ontario and to
many authors since was that of whether the
Lake Ontario salmon were freshwater resi-
dents or anadromous, or both, Although rhere
may be some question as to the value of a
postmortem analysis, the largely circumstan~
tial evidence presented here may be helpful
for better understanding the success and fail-
ures of salmon plants in the past centuty,

Opinions expressed in the literature largely
supported the view that the Lake Ontario
salmon were mostly freshwater residents, but
that some also may have been anadromous,
The earliest views were expressed by DeKay
(1842) and Adamson (1857), They believed that
the salmon were freshwater inhabitants, but
that some may have migrated to and from the
8ea, Adamson's view was based on his knowl-~
edge of some Atlantic salmon populations in
Europe that lived primarily in fresh water.,
King (1866) thought that Lake Ontario salmon
were freshwater stocks because he did not
believe that salmon could negotiate the upper
St. Lawrence River,

The issue of freshwater residency was re-
viewed in the discussions of the 1872 meeting
of the American Fish-Culturists' Association
(now the American Fisheries Society) and the
State Commissioners of Fisheries, At that
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meeting, Green (1874) and Thaddeus Norris
{in Smith, 1892) expressed the strong con-
viction that the salmon were lake residents,
They based their cpinion on many years of
observation of the seasonal abundance and mi-

. gration of salmon ranging in size from 1 to 40

pounds (0.3 to 18 kg), Kendall (1924) asserted
that the salmon were lake residents because
spring migrations in Lake Ontario tributaries
(1,500 miles or 2,400 km from the open sea)
were concurrent with those of the Penobscot
River in Maine, which flows directly into the
sea. Blair (1938) gave some evidence that the
salmon were freshwater stocks. He examined
scales of two adults (museum specimens) col-
lected in Lake Ontario before 1870 and con-
cluded that the scale characteristics (growth
pattern and gcale erosion) more closely re-
sembled those of landlocked salmon than those
of anadromous salmon, and that the fish were
therefore freshwater residents,

Huntsman (1944) held the view that the
salmon were lake residents because migrant
salmon were rare in the upper St, Lawrence
River; this observation agrees with that of
Atkins (1874}, but not with those of Goode
(1884) and Edmunds (1874a) given earlier.
Huntsman also believed that the salmon mi-
grated into Lake Ontario tributaries much too
early (March-April) to have migrated up the
St. Lawrence River, Scott (1967) shared the
view that the salmon were probably lake resi.
dents,

Smith (1892) in his review of the 1872 meet~
ing and of reports of others later, concluded
that the salmon probably were lake residents
but that some may have been anadromous, J, A.

Mathewson (in Goode, 1884) supported this view,

He believed that there were several races of
salmon in Lake Ontario, based largely on cer-
tain physical characteristics and the streams
into which they migrated, He stated that an
experienced fisherman could readily tell the

""home' stream of a particular fish, even though

the three streams in New York to which he re-
ferred were only a few miles apart. The fish
were long and slim in Deer Creek, short and
stubby in Grindstone Creek, and large and
heavy in the Salmon River, According to
Mathewson, the races (which he assumed to be
the result of homing instincts) were too clearly

defined to be maintained by anadromous stocks,
He further suggested that a race of purely
anadromous salmon might also be present,

Fox (1930) concluded that some salmon
were anadromous and others were lake resi-
dents. He suggested that since salmon mi-
grated so far up the 5t, Lawrence River, some
could have easily traveled to Lake Ontario,

Although Wilmot once was convinced that
the Lake Ontario salmon were lake residents,
he later tended to believe that the population
was anadromous. His observations in 1866-81,
reviewed in the following section, are strongly
convincing that most of the salmon, at least in
the 1870's, were lake residents.

I believe that the distribution and migratory
habits of the Atlantic salmon in the St, Law-
rence River and Lake Ontario, and the decline
in abundance through the St. Lawrence River
system in the 1800's (described in a later sec-
tion) strongly indicate that both anadromous
and freshwater salmon populations were pres-
ent, and that they mixed freely, The wide dis-
tribution of the salmon (Fig, 1) and the lack of
obstructions in the St. Lawrence River rule
out the probability that the Lake Ontario sal-
mon were Isolated from anadromous popula-
tions, Since the Lake Ontario and anadromous
salmon were indistinguishable, the variable_
seasonal migrations of the salmon in Lake
Ontarlo and its tributaries and in the St, Law-~
rence River, which caused confusion among
varjous authors, may have been a result of
differences in the migratory habits of two
populations,

Despite the probability of an anadromous
Lake Ontario population, there is ample evi-
dence, particularly in Wilmot's reports (1869-
82), that some Lake Ontario salmon exhibited
characteristics and habits of freshwater in-
habitants, This evidence supports the view that
Lake Ontario salmon were, indeed, composed
of both anadromous and freshwater (residual)
residents, This relationship also was reported
for kokanee salmon (Qncorhynchus nerka)
described by Ricker (1938} in Cultus Lake,
British Columbia, Anadromous and resident
populations inhabited the lake, the latter un-
doubtedly the progeny of the former,
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WILMOT'S OBSERVATIONS ON THE LIFE
HISTORY OF THE LAKE ONTARIO SALMON

Although Wilmot did not set out to describe
the life history of the Lake Ontario salmon,
he made a number of observations and infer-
ences that appeared to reflect certain aspects
of their life characteristics and habits, The
following description is from his reports
{Wilmot, 1869-82),

The Atlantic salmon in Lake Ontario usually
spawned from about mid-October to mid-
November; few entered the streams before
October and most or all were gone by Decem-
ber. Spawning occurred on gravelly shoals and
much of it took place at night, usually within
a 2-week period; individual fish rarely re-
mained in the stream more than a week. Most
females laid their eggs over a period of 3 to 5
days but late spawners, particularly those that
were delayed by low flows, often completed their
spawning in one night, Grilse and older adults
participated in the spawning,

The eggs usually hatched after about 6
months (late April and early May) and the
yolks of the fry were abserbed in 4 to 6 weeks,
Wilmot believed that the young remained in
the stream about 1 year after hatching, grew
to a length of about 5 inches (12.7 cm), smolted,
and entered the lake, Wilmot also believed that
a few returned to the streams as 2,5- to 3,0-
pound (1.1- to 1.4-kg) grilse after one sum-
mer in the lake, but that most remained in the
lake two summers and returned to spawn in
the streams for the first time as 8- to 12-
pound (3,6~ to 5.4-kg) adults,

The adults spawned more than once. In the
fall of 1868, Wilmot fin clipped a number of
grilse and older adults in Shelter Valley Creek
{actual numbers of fin-clipped fish were not
reported except for recaptures in 1873). None
were recaptured in 1869, but some of the
adults examined in the spawning run of 1870
were fish marked in 1868, A number of salimon
from Wilmot Creek were fin clipped in 1871,
None were seen in 1872, but in the fall of 1873,
25 of 51 salmon caught in one night were fish
marked in 1871, Although from these observa-
tions Wilmot suggested a 2-year spawning

intexval, one female was caught in Wilmot
Creek in three consecutive years, According
to Wilmot's reports, most of the salmon
marked in Shelter Valley and Wilmot Creeks
returned to the same streams in later years
which suggests that homing instincts were
strong,

Wilmot also suggested that the females
lived longer than the males. He formed this
opinion in 1881 when the brood population had
dropped to low levels and nearly all of the re-
maining spawners were large females.

The life characteristics of the Lake Ontaric
salmon described from Wilmot's reports were
somewhat different from those described for
anadromous salmon from Maine {Cutting, 1966)
and for landlocked salmon (Warner, 1966),
This difference in characteristics may account
for the early maturation of the Lake Ontario
salmon reported by Wilmot (1870),

Lake Ontario and landlocked salmon migrate
from the lakes into tributaries in the fall and
spawn; after the young hatch in the spring, they
usually remain in the stream 1 or 2 years be-
fore migrating to the lake, The anadromous
salmon are different in these respects (Cutting,
1966): most adults migrate from the sea into
freshwater tributaries in the spring where they
remain until fall to spawn; and the young
usually remain in the streams for 2 or 3 years
before migrating to the sea, "

After smolting and leaving the streams, Lake
Ontario and anadromous salmon both grew
much faster than landlocked salmon. Cutting
(1966) reported that anadromous salmon, after
2 years at sea and spawning for the first time,
averaged about 10 pounds (4.5 kg) and Wilmot
(1870) reported that first spawners in Lake
Ontario weighed 8 to 12 pounds (3.6 to 5.4 kg).
According to Warner (1966), spawning land-
locked salmon, regardless of age, usually were
less than 20 inches (51 cm) long and the largest
rarely exceeded 5 pounds (2.3 kg). The obhserva-
tions made by Cutting and Warner generally
agree with those of Atkins (1884), Conditions
in the sea and Lake Ontario obviously were
more favorable for the growth of salmon than
those in the relatively small lakes inhabited
by landlocked salmon,
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The small size of most tributaries of Lake
Ontario and their low flow and volume were
unfavorable for the extended residency of
large salmon; as a consequence, adult saimon
usually occupied the streams for only short
pericds during spawning (Wilmot, 1880). Wil-
mot observed that young salmon in Wilmot
Creek smolted only 1 year after hatching; he
did not report any smolt large enough to sug-
gest that the residency was 2 years. Possibly
the relatively large spawning runs and the low
capacity of such small streams to support
large numbers of parr caused early smolting.

Since the Lake Ontario salmon apparently
migrated from the streams at least 1 or 2
years earlier than anadromous forms, and
grew much faster in the lakes than landlocked
forms, they probably matured earlier than
the other two forms, This earlier maturity
could explain the unexpected early increase
in abundance of grilse (after 2 seasons of
growth) and older adults (after 3 seasons of
growth), if these salmon came from the initial
plantings in Wilmot Creek in the late 1860's.

THE DECLINE AND EXTINCTION OF
ATLANTIC SALMON IN LAKE ONTARIO

DECLINE IN ABUNDANCE

Notable in the history of the Atlantic salmon
were early references to their decline in the
1800's in major areas of abundance in North
America other than Lake Ontario3, Edmunds
(1874a) reported that salmon, once abundant
in Lake Champlain and some of its tributaries,
were extinct there by 1824; however, Atkins
(1874) reported a run of salmon in the Au
Sable River, a tributary to the lake, 14 years
later, and a few were seen there as late as
1852, Smith (1875) reported serious declines
of salmon in Nova Scotia and New Brunswick,

3 According to Follett {1932), the St, Anne and
Madeleine Rivers were the only tributaries of the
St, Lawrence River supporting salmon in 1932,
Adsmson {1857) indicated that the Jacques Cartier
River was the only tributary to the St, Lawrence
River shove Quebec that supported a great abun-
dance of salmon,

C., G. Atkins (in Wilmot, 1873) reported sharp
declines in the Saguenay River, a major tribu-
tary of the St. Lawrence River; the 5t, John
River in New Brunswick; and in rivers in Nova
Scotia and Prince Edward Island, Hamlin
(1874) wrote of the decline of salmon in the
rivers of Maine, Catastrophic declines of
Atlantic salmon occurred in the 1800's along
the entire Atlantic Coast where salmon form-
erly were abundant {Huntsman, 1944},

Huntsman {1931} reported that the decline
of salmon in Lake Ontario in the late 1870's
occurred almost simultaneously with similar
declines in streams of the Atlantic Coast, The
decline and extinction of the salmon in Lake
Ontario therefore appears to be interrelated
with the decline of other populations of Atlantic
salmon, and the same factors (described in
the following section) appear to have caused
the decline throughout most of their range,

DeKay (1842), referring to the tributaries
of New York, was the first to mention a decline
in the abundance of salmon in Lake Ontario,
and Adamson (1857) referred to their scarcity
in the 1850's. According to Goode (1884),
salmon were abundant in the Salmon River in
New York in 1836, but numbers already had
been declining for about 20 years,

References to the earliest disappearance of
salmon from specific streams were made by
J. Smith (in Huntsman, 1944), who observed
that the salmon, once abundant in the Don River
in Ontario, had disappeared by 1853; and by
Fox (1930), who reported their disappearance
in the mid-1800's from the Credit River
(salmon later reappeared in these streams in
the 1870's during Wilmot's propagation at-
tempts), Huntsman (1944) also reported that,
by the mid-1860's, salmon were extinct in
tributaries west of Toronto and only a few
were found in tributaries to the east (princi-
pally Wilmot and Shelter Valley Creeks),
Witcher and Venning (1870} reported that
Wilmot Creek, once crowded with salmon,
supported only a few in 1869, and Wilmot
(1869) observed that salmon were so scarce
in the stream in the fall of 1866 that he had
great difficulty in capturing enough parent fish
to collect eggs for artificial propagation.
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In 1872, Edmunds (1874a) visited most of
the streams in Lake Ontario east of Oswego
and concluded that salmon were to be found in
New York only in the lower reaches of the
Salmon River; however, in the 1870's Smith
(1892) reported salmon in several streams
and Green (1882) reported salmon in the lower
Genesee River--the first observed there in
more than 50 years. Despite artificial propa-
gation of salmon by Wilmot in the 1870's, a
catastrophic decline in 1880 nearly wiped out
the population (Wilmot, 1882), Salmon were
extremely rare in Lake Ontario in the 1880's
and 1890's; the last one seen in a stream wasg
in Wilmot Creek in 1896 and the last one seen
in the lake was reported in 1898 (Huntsman,
1944,

CAUSES OF DECLINE

The decline of salmon in Lake Ontarioc oc-
curred during the early settlement of the
region, and man indisputably was responsible
for their loss. The cause of the decline and
later extinction was best described by Fox
(1930), who wrote: "The Ontario salmon had
no longer a home wherein to rear their progeny
and all that now remains of them is a name to
warn us as a nation against the wanton destruc-~
tion of a rich inheritance,"

The major causes of decline were mill dam
construction, deforestation, overfishing, and
pollution, These factors, which apply primarily
to tributaries and are described here for Lake
Ontario, also were held responsible for the
serious loss of other populations of salmon
in the St, Lawrence River, Maritime Provinces
and Maine (Adamson, 1957; Smith, 1875; C.G,
Atkins in Wilmot, 1874; Hamlin, 1874; and
Huntsman, 1944),

t

Mill dams.~-Although many factors may have
contributed to the decline and ultimate extinc-
tion of salmon in Lake Ontario, the consensus
among fish culturists and administrators in
the late 1800's was that man-made obstruc-
tions, usually mill dams, were the principal
cause, Passage of migrating salmon to their
spawning grounds was not only blocked by the
dams, but concentrations of salmon below dams
were easy prey for fishermen. Apparently mill

dams, many impassable by salmon, were com-
mon in Lake Ontario tributaries, particularly
in the mid-1800's, For example, Smith (1892)
reported a total of about 62 dams on the Sal-
mon, Oswego, and Big Sandy Rivers and Mac-
Kay (1963) reported 36 dams on the Don River
in 1852, Dams were common on the Little
Sandy, Black, and Chaumont Rivers, and Ed-
munds (1874a) declared that these rivers were
impassable for salmon, Wilmot (1875) men-
tioned rhat there were mill dams in most
Canadian tributaries, many located near the
mouths of the smaller streams %

Mill dams as the principal cause for the loss
of the salmon were also mentioned by DeKay
(1842), Adamson (1857), King (1866), Edmunds
(1874b), Goode (1884), Smith (1892), Wright
(1892), Follett (1932), and Huntsman (1944),
Opinion on the effects of dams on salmon was
50 strong that Commissioner M, McDonald (in
Smith, 1892) reported to the U,S, Senate that
"The cause of the disappearance, practically,
of salmon from the streams of the St. Law-
rence Basin has been chiefly and primarily the
erection of obstructions in all rivers, which
have prevented the salmon from reaching their
Spawning grounds, so natural reproduction has
been absolutely inhibited,"

Deforestation, -~Extensive deforestation for
agricultural purposes in the watersheds was
another factor that apparently reduced the
quality of streams for salmon. Although Smith
(1892), Wright (1892), and Follett (1932), men-
tioned deforestation as an indirect cause of the
decline of the salmon, Wilmot (1873, 1879,
1882) was the first to describe its most serious

—_—

4 Of the many reports on the Lake Ontario salmon
and causes for its declihe, none mentjoned gea
lampreys {Petromyzon marinus) or lamprey ate
tacks on salmon; consequently I agsume that
lamprey predation was not a serious problem, if
It existed at all, If sea lampreys were in Lake
Ontario during the decline of the salmon, num-~
bers must have been low; the passage of pre=
spawning lampreys into most tributaries would
bave been blocked by mill damg, as it was for the
salmon, and reproduction would have been severely
restricted, The high abundance of sea lampreys
in Lake Ontario in the 1900's was probably due,
in part, to the abandonment and destruction of
many of the mill dams in Iake Ontario tributarieg,
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effects~-accelerated runoff, increased silta=
tion, and, in summer and fall, lowered stream
flows and increased water temperatures (up to
24° C. in some streams)?. Wilmot warned that,
ag a result, stream conditions were not only
unfavorable for reproduction and the survival
of young salmon, but that during low flow the
motiths of small streams sometimes were
blocked by sand bars that delayed or prevented
the passage of spawning salmon in the fall,

Overfishing,--Excessive and ill-timed fish-
ing by various methods was thought to be a
major cause of the decline of salmon in Lake
Ontario. Most early authors described, with
almost monotonous regularity, the taking of
salmon with spear and club, For example,
Wilmot (1870) blamed fishermen who speared
and clubbed spawning salmon in Canadian tribu-
taries and Fox (1930) described wholesale kill-
ing of salmon by spear and club in the Don,
Humber, and Credit Rivers in Ontario as early
as 1793, Kendall (1924) went so far as to cal-
culate that skiff fishermen using spears killed
about 10,000 salmon a year in the mid-1800's
in the Salmon River in New York,

Conventional commercial fishing also was
blamed for the decline. Green (1874) and Ed«
munds (1874b) thought that pound nets set
along the shores and in and near the mouths of
salmon streams in New York caught excessive
numbers of prespawning salmon (Green reported
that pound nets used in Lake Ontario were first
imported from Scotland in 1836), J, A, Mathews
(in Goode, 1884) reporied that gill nets, stretched
across the Salmon River in New York seriously
depleted salmon there, Smith and Snell (1891)
wrote that commercial salmon weirs in the St,
Lawrence River were not only destructive to
salmon but impeded the migration of salmon
to their spawning grounds upstream, including
Lake Ontario,

Other references to overfishing with spears,
weirs, and nets were made in King (1866),
Witcher and Venning (1870), Atkins (1874),

5The impounding of streams by mill dams,
which almost surely caused a warming of the
water in the summer, was not specifically re-
ported in the Hterature except for casual mention
by Wilmeot (1879), :

Technical Paper 68: Bureau of Sport Fisheries and Wildlife

Goode (1884), and Follett (1932), In a broader
perspective, Huntsman (1944) was strong in his
belief that fishing may have contributed to the
decline of the salmon, but could not be held for
its extinction,

Pollution,--Stream pollution also was de-
scribed by several authors as a partial cause
for the decline of the salmon, Sawdust and mill
and factory wastes were most often mentioned
as major pollutants by King (1866), Witcher
and Venning (1870), Wilmot (1872, 1882), Ed-
mundg (1874b), Goode (1884), and Wright (1892),
In Smith (1892} it was reported that the Osewgo
River was so polluted that salmon would not
enter it, Although sawdust caused the greatest
concern, Adamson (1857) ruled it out as a
major cause of decline because its effects on
salmon were only superficial,

Other factors,--Low flows in tributaries,
which adversely affected salmon, may not have
been caused entirely by deforestation; Hunts-
man (1944) believed that low rainfall in 1844~
76, which reduced stream flow in salmon
spawning streams, accelerated the decline of
the salmon but he believed that if Wilmot's
observations on stream siltation were valid,

~natural reproduction in most or all Canadian

streams in the late 1800's would have been
virtually impossible, Huntsman visited sev- -
eral former salmon streams near Toronto in
1943 and concluded that siltation was severe
and that the streams were still unsuited for
salmon,

Another factor of decline, unique to the
Oswego River, was the construction of canals
(as part of the Erie Canal system) among the
headwaters of the Oswego River in the early
1800's, According to Edmunds (1874a) the
canals ruined the Oswego River as salmon
habitat, Still another factor was mentioned by
Smith (1892) who suggested that unusually low
stream flow in the Oswego River, which was
caused partly by the drainage of bogs for agri-
culture, was detrimental to salmon {bogs acted
as reservolrs that contributed to summer and
fall flows),
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Attemped remedies for the decline

The first proposal to save the salmon was
made by Adamsocn (1857), who recommended
that fishways be constructed over impassable
dams on salmon streams, Atking (1874) did
considerable work in developing and promoting
fishways for Atlantic Coast streams, but
rarely were fishways constructed over dams
in L.ake Ontario tributaries,

By implication Green (1874) and Smith (1892)
asked that salmon populations be protected by
outlawing the use of commercial gear in or
near the rivers and stopping the slaughter of
migrating or spawning salmon, but by then the
salmon in New York were nearly gone, In
Ontario, after the fish were declining there,
gsalmon were permitted to be taken by com-
mercial fisheries in July and August only;
tishing specifically for salmon in the 1870's
was allowed by permit only (Wilmot, 1882),

Earlier, the rapid decline prompted King
{1866) to propose that two of the best salmon
streams (he chose the Credit and Moira
Rivers) should be set aside as nurseries,
Wilmot (1870) essentially followed this recom-
mendation and set aside four streams for the
natural and artificial breeding of salmon, each
of which was protected from fishermen and
poachers from about 1870 to 1880,

Before 1880, artificial propagation generally
was congidered the most likely solution to the
decline of the Lake Ontario salmon, Adamson
(1857) recommended artificlal propagation,
should his plan of providing fishways fail,
Wilmot (1869) and Edmunds (1874a) strongly
supported artificial propagation, Early opin-
ions on the value of artificial propagation
rested on the results reported by Wilmot, who
practiced salmon culture from 1866 to 1884,
By the early 1880's, it was clear that his at-
tempts to restore the Atlantic salmon in Lake
Ontario had failed (Wilmot, 1882), (Details of
Wilmot's program of artificial and natural
salmon restoration are given in later sec-
tions,)

.Little was written about the salmon in the
1880's, but plans for reestabligshing the spe-
cies in Lake Ontario and the St, Lawrence
River were revived in the 1890's, In 1891, in a
message to the United States Senate, Commis-
sioner M, McDonald (in Smith, 1892) stated,
"It is not only possible, it is entirely practi-
cal, to restore and maintain these ficheries
[salmon) by adequate recourse to means and
agencies entirely within our control," He rec-
ommended the construction of facilities for
the incubation of one million salmon eggs,

Smith (1892) reviewed the initial steps nec-
esgsary to obtain a return of the salmon, as
proposed by the U,S, Fish and Fisheries Com-
mission, Steps proposed included an examina-
tion of the sireams to determine the nature
and number of obstructions and the extent of
pollution, This inventory was to be followed by
the removal of unnecessary obstructions, the
bullding of fishways where dams were abso-
lutely necessary, protection of the streams
from pollution, and complete protection of
salmon for a term of years, Cooperation be-

-tween the U,S, and Canadian Governments and

the development of international fishing regu-
lations on Lake Ontario were advocated, Smith
wrote that "having arranged the foregoing
preliminaries, the important work of artificial
propagation of salmon could be undertaken
with every prospect of success,"

Since the Lake Ontario salmon were vir-
tually extinct, Commissioner McDonald (in -
Smith, 1892) recommended that salmon eggs-~
principally from landlocked forms that had
lost their instincts to go to the sea--should be
obtained from hatcheries in Maine and that
fish should be planted as yearlings rather than
fry, in the headwaters of former salmon
streams,

Apparently few of the measures proposed
by Commissioner McDonald for restoring the
Atlantic salmon were initiated, The hatchery
was never constructed and only small num-
bers of salmon fry were planted in the follow-
ing years,




18 Technical Paper 68: Bureau of Sport Fisheries and Wildlife

ATLANTIC SALMON PROPAGATION
IN ONTARIO

The fish hatchery at Newcastle, Ontario, on
Wilmot Creek, was first operated in 1866 by
order of the Council of the Ontarioc Minister of
Marine and Fisheries on the solicitation of
Samuel Wilmot, who was appointed fishery
officer of pisciculture, The foliowing is an
account of the activities of the hatchery, sal-
mon plants, observations, and results ex-
tracted from annual reports for 1868-8] sub-
mitted by Wilmot and published by the Depart-
ment of Marine and Fisheries in 1869-82,

CULTURE OF ATLANTIC SALMON
BY SAMUEL WILMOT, 1866-81

The records and observations of Wilinot,
although valuable and representing by far the
best documentary of the salmon in Lake
Ontario, lacked continuity because his reports
included specific numerical data for only some
of the years, Nonetheless, major trends and
changes in artificial propagation and the sal~
mon populations were clearly described,

Wilmot Creek was characteristic of most
salmon streams along the north shore of Lake
Ontario. It was fed by a large spring, was
about 10 miles (16 km) long, and consisted of
a series of pools and gravel shoals which once
were highly suitable for the gpawning of sal-
mon, Wilmot Creek, and later Shelter Valley
(known by Wilmot as Grafton Creek; see
Table 1 for the names of streams used by
Wilmot and those now commonly used), Bow-
manville, and Duffin Creeks, were set aside
for the natural and artificial propagation of
salmon and were closed to public fishing and
protected from poachers, Weirs were installed
on each of these streams for the collection of
eggs, but most eggs were taken from Wilmot
Creek,

Wilmot first attempted propagation of sal-
mon at Wilmot Creek in 1866 after constrict-
Ing a weir, retention pool, and a hatchery about
1.5 miles (2,4 km) upstream from Lake On-
tario, As the years progressed, he improved
methods of propagation and gained fame as a
fish culturist; he was the first in Canada or

the United States to use the "dry“ method of
fertilizing eggs,

In the 16 years of egg collecting (1866-81),
most-eggs were collected from mid-October
to mid-November, In 1867-69 all salmon were
planted in Wiltnot Creek but plants in later
years were made in 13 streams that were once
known to support spawning runs (see Table 1
for Wilmot's salmon planting records),

Cultural methods differed over the years.,
In 1867-69, the young were hatched in J anuary;
in 1867-68 they were fed pulverized dry beef
liver and planted as 1- to 4-inch (2,5~ to
10,2-cm) fingerlings in the spring, whereas in
January 1869 they were raised to lengths of 2
to 4 inches (measured in December 1869) and
released in the early spring of 1870, In all
later years (1870-81), most eggs were hatched
in April and, with few exceptions, the fish
were planted in May or June as swim-up fry,
This change was necessary because too few
nursery ponds were available to raise large
numbers of fingerlings and also because fin-
gerlings were frequently lost from nursery
ponds during spring floods, The source and
temperature of the water supply wag another
factor. When egg production was low in the
earlier years, spring water (5.60 C) of limited
supply was used in the hatchery, rather than
creek water (0,6° C). As egg production in-
creased, only creek water supplied the volume
necessary for the hatchery operation and, bé-
cause of the resulting decrease in water tem-
perature, incubatijon time increased from 65
to 165 days, Nonetheless, for several years
after 1869, and in 1873 in particular, a num-
ber of salmon were raised to a length of 6
inches (15,2 cm), but were not identified in the
planting records.

Trends in the number of brood fish taken in
the fall, number of eggs collected, and the
number of fishplanted eachyear, were closely
similar., For Wilmot Creek, only 15 brood sal-
mon were taken in the weir in 1866, 25 in
1867, and 30 in 1868 (150 grilse algo were
taken in 1868), For other years when salmon
counts (including grilse) in the weir were re-
ported, the numbers were 300 in 1869, 400 in
1870, 800 in 1874, 1,500 in 1875, and 21 in
1881, Although weir catches were not reported
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for 1878, 3,000 adults were counted at one
time in the stream section below the weir,

The numbers of eggs collected from Wilmot
Creek (and from Duffin, Shelter Valley, and
Bowmanville Creeks in some of the years -
after 1867) were 15,000 in 1866, 50,000 in
1867, and 200,000 in 1868, Thereafter the an-
nual take of eggs generally increased to peaks
of 1 million in 1875 and 1,5 million in 1876,
and declined to 350,000 in 1879 and 250,000 in
1880, Few eggs were collected after 1880, A
small percentage of the eggs collected were
shipped outside the Great Lakes drainage for
hatching and planting,6

The numbers of young salmon produced at
the Wilmot hatchery and planted in Lake -
Ontario were 8,000 in 1867, 15,000 in 1868,
62,000 in 1869, and 150,000 1n 1870 Numbers
planted increased annually to a peak of 1,3
million in 1877, and then declined to 600,000
in 1879 and 140,000 in 1881, In ali, about 5,2
million salmon were planted in Lake Ontario
and its tributaries in 1867-81 (Table 1), A few
apparently were also planted in 1882-84; in
1895, an employee at the Wilmot hatchery col-
lected and incubated eggs from several salmon
caught in Wilmot Creek; the 4,000 fry that
hatched--the last produced at the hatchery--
were planted in the creek in the spring of 1896
{MacKay, 1960),

More than one-half of the Lake Ontario sal-
mon were planted in Wilmot Creek in 1867-81
and, from all indications, the abundance of
parr, smolt, grilse, and older adults in Wilmot
Creek may have equaled or exceeded that in
all other Ontario tributaries combined, Al-
though Wilmot examined most streams planted
with salmon in most years, many of the obser-
vations on gsalmon were made by district fish-
ery officers. '

Salmon never became even marginally
abundant in other streams in the 1870's, In
Duffin Creek, 3 adults were observed in 1869,
120 in 1872, 200 in 1876, and 150 in 1877. Most

éAIthough salmon have never been reported in the
Ottawa River, Wilmot planted salmon twice in one triba
utary to the Ottawa River 45 miles below the City of
Ottawa to “restore® the salmon there,

of these fish were observed on spawning
redds, In Bowmanville Creek, only a few sal-
mon were seen in 1870 and 1872, but 130 were
counted in 1873 and a greater number in 1878,
In 1876, 150 spawning redds were counted, In
Shelter Valley Creek, catches in the weir in-
creaged from several dozen in 1868 to 96 in
1869 (some salmon were seen spawning in
1868-69), and 200 in 1875 (the first sizable
run). Although numbers declined in 1877,

200 were observed below the weir at one

time in 1878,

In the Trent River, which was reported not
to have supported salmon spawning runs in
earlier years, brood salmon were observed
as far ag 25 miles (40 km) upstream from the
mouth, A few salmon were observed in 1872-
73, and a relatively strong spawning run oc-
curred in 1878,

Although Wilmot reported that salmon could
be found in the mid-1870's in most of the
streams from Hamilton to Brighton, a shore-
line distance of 100 miles (161 km), fall
spawning runs were light (compared with those
in streams already described), For the first
time in years, small runs of salmon and
spawning activity were observed in the Rouge,
Humber, Credit, Ganaraska, and Moira Rivers
and in Lynde, Highland, Farewell, Brand,
Cobourg, and Soper Creeks Light runs of sal-
mon also were observed occasionally in -
Twelve-mile Creek, Oakville Creek, Gage
Creek, and Bronte River, the only streams
supporting salmon runs that were not planted
with salmon,

?

Wilmot, in his annual reports, expressed
his views on the results of his attempts to re-
populate Lake Ontario with salmon by artificial
propagation, After the appearance of 150 grilse
in the Wilmot Creek weir in 1868, which
seemed to be the first indication of success,
Wilmot (1869) wrote that "some special cause
must exist for the sudden appearance of young
salmon [grilse], which did not exist for the
last 15 or 20 years and no probable or rea-
sonable cause can be assigned but the one that
leads to the supposition that they are a past
product of the first brood which were hatched
and set at liberty in the spring of 1867."
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TABIE 1.--Numbers (thousands) of Atlentic salmon from Lake Ontaric stocks planted
by the Dominion of Canada in tributaries of Lake Ontaric in 1867-84; the number
of years in which pients were made are given in parentheses

. Site number Number
Years Iocation (see Figure 2) County planted?
1873-77 Credit River 5 Peel 100 (5)
1872-77 Humber River g York 85 (4)
187172 Highland Creek 10 York 40 (2)
1870-77 Rouge River 11 York 70 (4)
187077 Duffin Creek 12 Ontario 180 (5}
1870-77 Iynde Creek 13 Ontario 35 (2)
1871 Farewell Creek 14 Ontario 30 (1)
1870-77 Bowmanville Creek 15 Durham 245 ()
1867-77 Wilmot Creek 17 Durham 2,400 {11)
1871 Cobourg Creek 21 Northumberland 10 {1
1871-77 Shelter Valley Creek 22 Northumberland 170 (5}
1871-77 Trent River 23 Hastings 230 (5)
1877 Kawartha Lakes? 23 Ontario 40 (1)
1872 Moira River 24 Hastings 50 (1)
1877 Lake Ontario - - 10 (1)
1867-77 Total 3,695
1878-79 Credit River 5 Peel - {2
Humber River 8 York - (2)
Rouge River 11 York - {2)
Duffin Creek 12 Ontario - (2)
Iynde Creek 13 Ontario - (2)
Bowmanville Creek 15 Durham - (2)
Soper Branch 16 Durham - (1
¥ilmot Creek 17 Durham - (2}
Ganaraska River 19 Durham - (10
Shelter Valley Creek 22 Northumberland - (2)
Trent River 23 Hastings - (2)
Kawartha Lekes 23 Cntario - {1
Moira River 24 Hastings - (1)
Lake Ontario - Hastings - (1)
1878-79 Total 1,161
1880 Lake Ontario tributaries - - 247
1881 Bowmanville Creek 15 Durham 40 (1)
Wilmot Creek 17 Durham 100 (1)
1881 Total 140
1867-81 Total 5,243

1The names of the streams were taken from ma

pé prepared by the Army Survey Estab-

lishment of Canada, 1958-5%. Differences in names of streams used by the Survey and
those used by Wilmot {in parentheses) are as follows: Bronte River (Twelve Mile
Creek}; Oakville Creek (Ozkville Creek or Sixteen Mile Creek); Iynde Creek (Iynn or
Lyons Creek); Farvewell Creek (Black (reek); Bowmanvilie Creek (Barber Creek); Soper
Branch (Souche Creek); Wilmot Creek (Wilmot or Baldwin Creek); Ganaraska River
(Smith or Port Hope Creek); Cobourg Creek (White Creek); and Shelter Valley Creek
(sometimes confused with Grafton Creek).

2411 rish were fry except for 85,000 1- to 4-inch {25~ to 100-mm) fingerlings
planted in Wilmot Creek in 1867-69, and unspecified numbers of fingerlings released
in Wilmot Creek, in 1870-73. :

3Kawartha Lakes (reported as Petersborough Lakes by Wilmot) include Balsam, Clear,
Sandy, Gull, and Cushog Lakes, all at the headwaters of the Trent River.
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He stated further, "It had been ascertained
positively that the period intervening between
the planting of these young salmon and the ap-
pearance of the grilse alluded to, is exactly
the time required for the growth in this state
of existence," He concluded, "the proof that
they were the result of the artificial process
commenced by me in the auturnn of 1866, is,
to my mind and the minds of others, conclu=
sive and almost amounts to a demonstration,”

Wilmot's conclusions seemedto be strength-
ened when some of the salmon hatched in 1867,
which he retained in ponds for experimental
purposes, smolted in the spring of 1868, He
judged that the fingerlings planted in 1867 also
smolted in the spring of 1868, and that some
returned as grilse in the fall of 1868 and most
as older adults in the fall of 1869, Catches in
the weirs in those years tended to bear out
this judgment, '

Wilmot's early propagation attempts ap-
peared to be so successful that Bowles (1872)
wrote that "Mr, Wilmot's success in the arti-
ficial culture of these salmon is one of the
greatest triumphs in the science of fish cul-
ture,,,."

By 1877, the greater abundance of salmon in
the fall migrations, as compared with that in
garlier years, appeared to be strong evidence
that the salmon population was recovering. In
1879, when abundance sharply decreased,
Wilmot was inclined to blame low stream
flows in the fall for the declines,

Although the decline of salmon in 1879 may
not have appeared to be serjous, evidence in
1880 confirmed that the salmon population was
In trouble; eggs were collected only after an
unprecedentedly intensive search for mature
adults, and only 140,000 fry were produced
(as compared to 1,3 million in 1877),

By 1881, Lake Ontario salmon had virtually
disappeared. The weir catch in Wilmot Creek
consisted primarily of a few large females.
Only three males were captured during the
entire seagon (their milt was used to fertilize
the few eggs that were collected), None of 18
salmon seined from spawning redds in Wilmot
Creek below the weir were males,

Not until he wrote the 1881 report did Wil-
mot (1882) indicate that he had observed a
serious decrease in the abundance of parr and
smolt in Wilmot Creek from 1875-78, and that
few parr, smolt, or grilse were seen there-
after; although the decline in abundance of
adults should therefore not have been entirely
unexpected, Wilmot was astounded, He stated
that "the falling off of these fish [salmon] is
beyond all comprehegsion, , ., ." and "This fact
[scarcity of salmon] . . .will not allow me to
disguise from myself the conviction that the
time is gone by forever, for the growth of the
salmonoid family in this {Wilmot Creek] or
any other of the frontier streams in Ontario."

Despite Wilmot's emphasis on artificial
propagation, he placed great importance on
protecting spawning fish from poachers to de-
velop greater potential for natural reproduc-
tion, His observations bore out that there was
rather extensive natural spawning in geveral
streams, principally Wilmot, Duffin, and
Shelter Valley Creeks, and some natural
Spawning in a total of 20 streams,

From all indications, stream conditions
were poor for the natural reproduction of sai-
mon in the period when Wilmot carried out
artificial propagation, In most years rainfall

. Was unusually low (see Huntsman, 1944) and,

according to Wilmot (1873), low stream flows
in the summer and fall were becoming setfious
and seemed to worsen every year, Wilmot .

‘identified intensive timber cutting angd in-

creased agriculture as major contributors to
low flow, Stream flow was so low in 1871 that
salmon were observed, for the first time, at-
tempting to spawn along the shoreline adjacent
to the mouths of several streams (Shelter
Valley Creek in particular), At the mouths of
these streams, sand bars, coupled with low
flow, interfered with the upstream passage of
salmon. Wilmot reported this condition in
several other years, the last in 1879,

Wilmot conducted experimental fishing for
salmon in some years to help establish com-
mercial fishing potentials, In 1871, several
trap nets set in the summer in Lake Ontario
near Wilmot Creek caught 200 salmon weigh-
ing 6 to 15 pounds (2.7 to 6,8 kmy} each and in
July 1875, traps set near the mouth of Wilmot
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Creek caught 120 salmon, In July 1876, 100
salmon were caught in several trap nets set
near Coburg, and 240 (8 to 18 pounds or 3.6 to
8.2 kg) near the mouth of Wilmot Creek, Ex-
perimental nets took another 143 salmon in
1877, Wilmot (1875) blamed the low catches on
poorly rigged gear, inexperienced hands, and
the failure of salmon to inhabit shallow waters
in the summer, His explanations were
prompted by claims of the Minister of Fish-
eries that the propagation program had not
developed a fishery of any consequence,

Analysis of Wilmot's reports

In summary, Wilmot initiated artificial pro-
pagation of salmon in Lake Ontario in 1866,
and because of poor results, discontinued it in
1884, Before propagation, the Lake Ontario
salmon were nearly extinct; small spawning
runs remained only in Wilmot and Shelter
Valley Creeks in Ontario and in the Salmon
River in New York, During the years of pro-
pagation, the numbers of parr and grilse in-
creaged substantially from 1868 to 1874, and
the numbers of adults increased remarkably
from 1869 to 1877, By 1878, spawning runs
were observed in 20 Canadian tributaries, and
a few salmon appeared in several New York
tributaries where salmon had not been seen
for years, :

The subsequent decline was demonstrated by
sharp decreases in abundance of parr and
smolt in 1875-76, of grilse in 1876-77, and of
adults in 1879-80,

Wilmot's plan to reestablish salmon to their
former abundance in IL.ake Ontario and the
work that followed appear to have been sound,
Commercial fishing, except on an experimen-
tal basis, generally was bannped; four of the
principal spawning streams were protected
from poachers by Wilmot's staff: salmon in
mostother streams were protected (but rather
weakly) by law; swim-up fry (and fingerlings
up to 6 inches (15.2 cm) long in the early
years) were planted in 13 tributaries of Lake
Ontario over a period of 18 years; and adults
were seen to spawn in relatively large numbers
in streams that formerly were highly produc-
tive of young salmon,

Circumstantial evidence suggests that Wil-
mot's artificial propagation attemps were re-
sponsible for the temporary revival of the
Lake Ontario salmon, The increase in abun-
dance of parr, then grilse, and then older
adults in successive years after the first plant
in 1867 indicates a successful first plant. The
increase in the numbers of fish planted in the
following years and the increase in abundance
of salmon in a number of tributaries by the
mid-1870's suggest a successful program of
artificial propagation. The unusually low
flows, increased water temperatures, and sil-
tation in the salmon streams during the period
of propagation would hardly favor a natural
recovery, however temporary, of a population
near extinction, Furthermore, most of the fry
and all or most of the fingerlings were planted
In Wilmot Creek, and it was here that parr,
smolt, grilse, and older adults appeared in by
far the greatest numbers. It may have been
more than a coincidence that spawning runs
developed in nearly all the streams planted,
including the Trent River (until salmon were
planted in the Trent River, spawning runs
were not known there),

Conceivably, the abundance of grilse and
older adults in the 1870"s- could have been
caused by a temporary influx of migrants from
the sea, I so, it would be difficult to explain
why they selected Wilmot Creek in particular,
and why few or none were reported in tfie
upper St, Lawrence River and its tributaries-
or in New York waters of Lake Ontario and its
tributaries,

Assuming that Wilmot's artificial propaga-
tion was the cause of the temporary increase
in abundance of the salmon in the 1870's, there
is evidence for speculation on the causes of
his success and ultimate failure, I postulate
that the fingeriings planted in 1867-69, and
others up to 6 inches (15,2 cm) long in 1870-
73 made up the bulk of the adults in later
years, Dependence on the survival (perhaps
extremely low) of fry planted after 1873 may
have been accountable for rhe failure of arti-
ficial propagation,

Wilmot's propagation program could have
been a temporary reprieve of a population that
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had severely dwindled over the years because
dams and stream habitat deterioration de-
stroyed natural reproduction, If Wilmot and

others had continued to plant fingerlings
through the years, they might have saved the
Lake Ontario salmon from extinction.

PART li--EXOTIC SALMON IN THE GREAT LAKES

In this part a chronoclogical review of the
history of exotic salmon and their artificial
propagation in the Great Lakes from 1850 to
1970 is followed by descriptions of the plant-
ings and results from 1873 to 1947 (when all
plants were failures) and from 1950 to 1970
(when new salmon fisheries developed),

ARTIFICIAL PROPAGATION
‘OF EXOTIC SPECIES
OF SALMON IN THE GREAT LAKES

The decline of the Atlantic salmon and sev-
eral other species of fish in northeastern
North America in the 1800's led to a strong
conviction among fishery authorities that arti-
ficial propagation was the solution for rees-
tablishing declining populations, as well as for
introducing new species to enhance the figh-
eries,

In the period when the Atlantic salmon pop-
ulation exhibited itg greatest decline (in the
1860"s) and when Wilmot's artificial propaga-
tion of salmon for planting in Lake Ontario

‘seemed to show great promise (in the 1870's),
various federal and state fish commissions
were established, primarily to initiate fish
culture, The commissions that were involved
in the early introductions of salmon in the
Great Lakes, and the year that they were
founded are as follows: Department of Marine
and Fisheries of Canada - 1866; U,S, Fish and
Fishery Commission - 1871; and state fish
commigsions in New York - 1868, Pennsyl-
vania - 1870, Chio - 1873, Michigan - 1873,
Wisconsin - 1874, and Minnesota - 1875
{Goode, 1881). )

These commissions gave top priority to the
propagation of salmon, and egg collecting sta-
tions and hatcheries were promptly con-
structed, In Canada, the Newcastle Station on
Wilmot Creek was constructed in 1866 to
propagate Atlantic salmon (from Lake Ontario)

and later, chinook salmon, The U,S, Fish and
Fishery Commission built egg collecting and
hatchery facilities in 1872 for anadromous
Atlantic salmon on the Penobscot River in
Maine and for chinook salmon on the Sacra-
mento River in California, and in 1873 for
landlocked Atlantic salmon at Grand Lake
Stream in Maine, Allofthese stations supplied
eggs to federal and state hatcheries, for hatch-
ing and distribution, For many yvears, all or
most salmon planted in the Great Lakes were
apparently supplied from these stations (except
for the Newcastle station, which stopped hatch
ing salmon eggs in 1884), or from new stations
that propagated the same stocks of salmon, It
waé not until about 1950 that the bulk of the
salmon' eggs were obtained from new sources,
New strains or species were sought and some
states and Ontario initiated new salmon stock-
ing prajects, Sources of eggs, when known, are
identified with the plantings in the text,

The relatively intensive introduction of
exotic salmon in the Great Lakes in 1873-80
was characterized by the planting of large
numbers of small lots of fry in a wide range
of habitats. Few salmon were planted in 1881~
1919 (except in New York waters of Lake On-
tario), partly because of past failures and
partly because the U.S, Fish and Fishery Com-
mission gave high priority to supplying salmon
for coastal streams, From 1920 to 1949 only
a few plants of salmon were made but some of
the individual plants were large, and the fish,
mostly fingerlings, were planted in streams
that provided the best’chance for survival, In
1950, the trend began toward planned, long-
term introductions of salmon,

Until 1966 nearly all salmon were planted in
Great Lakes waters with the primary objective
of establishing self-sustaining populations,
either in the Great Lakes or in inland tribu-
tary lakes and streams, (Except for the plant-
ings of pink salmon, Oncorhynchus gorbuscha,
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in Lake Superior, all failed,) This practice

was greatly altered when the conservation de-

partments of Michigan and other Great Lakes
states planted millions of coho and chinook

salmon smolts in the Great Lakes in 1966-70

to provide a put-and-take sport fishery, Not

only was a sizable sport fishery established in

L.ake Michigan and to a lesser extent in the

other lakes, but coho salmon reproduced in

several Michigan streams in 1968-70, A

chronological review of the history of salmon

In the Great Lakes in 1850-1970 follows:

1850~67 - Sharp decline in abundance of Lake

Ontario Atlantic salmon,

1866 - Canadian Department of Marine
and Fisheries founded, Newcastle
salmon hatchery constructed on
Wilmot Creek, Ontario,

1867 - First Lake Ontario Atlantic salmon

planted in Lake Ontario,

1871 United States Fish and Fishery

Commission founded,

1872 - Chinook salmon egg collecting sta-
tion (The Balrd Station) constructed
by the U,S, Fish and Fishery Com-
miggion on the McCloud River, a
tributary to the Sacramento River
in California, Eggcollecting station
for anadromous Atlantic salmon
(the Buckseport Station, now known
as the Craig Brook haichery), con-
structed on the Penobscot River,
Maine, by the U.S, Fish and Fish-
eries Commission. Lake Ontario
Atlantic salmon first planted in
Lake Huron tributaries by the Ca-
nadian Department of Marine and
Fisheries,

1873 - Station for collecting eggs of land-
locked Atlantic salmon constructed
at Grand Lake Stream, Maine, by

the U,S, Fish and Fishery Com-

mission, Anadromous Atlantic sal-
mon and chinook salmon first

planted in the Great Lakes,

1874 - Landlocked Atlantic salmon first

planted in the Great Lakes,

1881

1884

1890

1896

1898

1919

1929

1933

1938

194447

1950
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L.ake Ontario tributaries declared
unfit for salmon by Samuel Wilmot,

Newcastle breeding station discon-
tinued for the artificial propagation
of salmon,

Introducticns of Atlantic and chi-
nock salmon in the Great Lakes
declared failures by the U,S. Com-
missioner of Fish and Fisheries,

Thelast few thousand Lake Ontario
Atlantic salmon planted in Lake
Ontario,

L.ake Ontario Atlantic salmon be-
came extinct,

Tendency began for planting salmon
fingerlings in a few selected waters
rather than planting fry in a wide
range of habitats,

The masu salmon {Oncorhynchus
masu), from Japan, planted in a
tributary of Lake Michigan by the
Michigan Department of Conserva-
tion (the only plant of this species).

Coho salmon first planted in the
Great Lakes (as fingerlings in Lake
Erie by the Ohio Division of Cons
servation),

- Tendency began for introducing

salmon for sport fishing, rather
than for commercial fishing,

- The firstacientific study of the re-

gults of planting salmon (anadro-
mous Atlantic salmon) in the Great
Lakes (Duffin Creek, Lake Ontario),
conducted by the Ontario Depart-
ment of Lands and Forests,

First kokanee salmon (lacustrine
stocks of sockeye salmon, Oncor-
hynchus nerka) planted in the Great
Lakes (in Lake Ontario tributaries
by the New York Conservation De-
partment),
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1950-53

1956

1958

1964

1966

1967

1968-70 -

1968
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First long-range plan (still in
progress in 1970) of introducing
exotic salmon (kokanee in 1950
and anadromous Atlantic salmon in
1953} in Great Lakes waters (in
Lake Ontario tributaries by the New
York Conservation Department),

Pink salmon first planted in the
Great Lakes (in Lake Superior by
the Oniario Department of Lands
and Forests).

First known natural reproduction
of an exotic salmon in the Great
Lakes (pink salmon in Lake Su-.
perior),

Long-range plan (still in progress
in 1970 in Lake Huron) for estab-
lishing kokanee salmon in Lakes
Huron and Ontario initiated by the
Ontario Department of Lands and
Forests.

Coho salmon first planted in the
Great Lakes in large numbers, as
smolt (in Lakes Superior and
Michigan by the Michigan Depart-
ment of Conservation),

Coho salmon sport fishery in Lake
Michigan showed first promise of
success, Chinook salmon first in-
troduced in the Great Lakes in
large numbers, as smolt (in Lakes
Superior and Michigan, by the
Michigan Department of Conserva-
tion),

Coho and chinook salmon smolts
planted in all the Great Lakes (all
of the Great Lakes states and the
Province of Ontario participating),

Natural reproduction of kokanee
salmon discovered in & tributary of
Lake Huron by the Ontario Depart-
ment of Lands and Forests (the
first for the Great Lakes), Natural
reproduction of coho salmon dis-
covered in several tributaries of

Lakes Michigan and Superior by the
Michigan Department of Conserva-
tion,

1969 ~ Pink salmon first discovered in a
tributary of northern Lake Huron,
Pink galmon in Lake Superior had
sustained, by natural reproduction,
81X successive complete genera-
tions,

1969-70 - Sport fishery for coho and chinook
salmon very successful in Lake
Michigan, but only fair to poor in
the other Great Lakes,

Table 2 shows the number and percentage of
the grand total of Atlantic, chinook, coho, and
kokanee salmon planted in each of the Great
Lakes and theirtributaries in different periods
in 1873-1970, and for each form or species,
the number of plants, average number of fish
per plant, and percentage of fish of different
life stages planted. More detailed descriptions
of the planting records and results are given
in the following sections, Stream locations
and species planted for each lake for differ-
ent periods in 1873-1970 are given in Fig-
ures 3 (Lake Ontario), 4 (Erie), 5 (Huron),

6 (Michigan), and 7 {Superior),

SALMON PLANTING RECORDS
AND RESULTS, 1873-1947

Since plants of salmon in this period were
failures (none of the species planted estab-
lished a fishery or permanent population), the
following is largely a record of the plants by
species, lake, and state or province,

CHINOOK SALMON

In 1873-1933, about 11 million chinook sal-
mon were planted in the Great Lakes, Lake St,
Clair, and their tributaries (Table 3). Per-
centages of the total planted in the various
lakes ortheir tributaries were: I.ake Ontario,
82; Lake Michigan, 7; Lake Erie, 6; Lake
Huron, 3; Lake Superior, 1; and Lake St,
Clair, 1,
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(indicated by species index code)

not ghown are plantings of coho and chinook salmon in Cold and Pickerel Creeks (site numbers 16 and 17) in 1933,

Al pareiineses) species planted at tnose sites in difierent periods in L¥73-1970
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12{Co}

11{AL}

10{ch2}
25

s(Chl,Co)
MICHIGAN
g(ch2)
33
7 (A,ALChICh2,Co} 40 ONTARIO 28
&{Co) 41
5{Chl) Ontario

14. Lavzon Creek
15. Ritchies Rock
16. Kagowong Creek
17. Elizabeth Bay

4(AL,Chl} 18. Manitou River
N 19. Blue Jay Creek
20. Michael Bay
i{Co) 21. South Bay
/ 22, Chickenechine River
[ 23. Byng Inlet
! 24, Mowatt lsland
0 10 20 30 40 50 - 25. Go Home River
SCALE IN MILES 26. Sturgeon River
Michigdﬂ 27. Balm Beach . -
g s 2 Moot
. . Indian Cree
SPECIES INDEX 2. Elk Creek 30. Centreville Creek
. 3. Diamond Creek 31. Meaford Shoat
Atlantic Salmon 4. Saginaw River 32, Bothwell Creek
Anadromous 5. Rifle River 33. Sydenham River
A 2 187375 6. Tawas River 34. Pottowatami River
Landlocked 7. Au Sable River 35. Owen Sound Area
AL : 18741919 8. Mill Creek 36, Oxenden Creek
Chincok Satmon ¢. Thunder Bay River 37. Colpoy Bay Area
Chi : 1873-82 10. Ocqueoc River 38, Lions Head
Ch2 : 1967-70 11. Cheboygan River 39. Willow Creek
Coho S(E:Imo? 196770 12. Carp River - 40, Sauble River
e : 13, St. Marys River 41, Saugeen River

Figure S.~-Lake Huron, showing sites (indicated by numbers) and (in parentheses) species planted at those sites in
different periods in 1873~1970 (indicated by species Index code) all salmon planted in Province of Ontario sites
(14-41) were kokanees except for several plants of Atlantic salmon from Lake Ontario stocks in the Severn River
and the Saugeen River (41) in the 1870's, and plants of chinook salmon in the Saugeen River in 1876~79,
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b
Q‘)IS(CQ) 19{Ch1,Ch2,Co} ndian
ndiang
-
/ 20{AL,Ch1, M) 1. Trail Creek
< 21{Co} : . .
[ 2. Little Calumet River
= 22(ALK) IHinois
3 e
3. Chicago Area
23(AL,Chi) Wisconsin : 2
26(00) 24AALCHT) 4. Odk Creek
5. Menominee River
27(A,AL,Chi,Co) N 6. Root River
28(chz,Co) 7. Sheboygan River
29{Ch2,Co) g East Twin River

. Little Manitowoc River
30{AL,Chl,Co) 10. Kewaunee River

11. Ahnapee River

12, Strawberry Creek

h 13. Little River
3ieny) Michigan
32(A,AL,ChICh2,Co,K) 14. Menominee River
33(A,AL,Ch1,Ch2,Co) 15. Big Cedar River

16. Whitefish River

17, Thompson Creek
34{Co) 18. Manistique River

19. Bear River
35(A,AL,Chi,Co} 20. Boyne River

21, Porter Creek

MICHIGAN 22, Torch Lake "
23. Rapid River
24. Boardman River
25. Brewery Creek
26, Platte River:
27. Manistee River

37(A,AL,Chl,Co)

3 —— SPECIES INDEX 28, Littie Manistee River
3 1(Ch2,Co) 29, Big Suble River
% }0 b(Ch2,Co) Atlantic Saimon 30. Pere Marquetie River
='—'1§ INDIANA Anadromous 31. White River
A :1872-75 32. Muskegon River
Landlocked 33. Grand River
0 10 20 30 40 50 chi kAsL . 1874-1932 34, Black River
——— tnook Jaimon 35. Kalamazoo River
SCALE IN MILES Chl : 1873~79 36. Paw Paw River
Ch2 : 1967-70 37. St. Joseph River
Coho Salmon
Co :1966-70
Kokanee Salmon
K :1965-67
Masu Salmon
M 1929

Figure 6,~-Lake Michigan, showing sites (indicated by numbers) and {in parentheses) species planted at those sites in
* different periods in 1873-1970 (indicated by species fndex code),
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TABLE 3.--Numbers (thousands) of chinook salmon planted in the Great Lakes and
their tributaries, 1873-1933,

Iake, state or province,

County (at stream  Figure Th q Number
years, and specific mouth or lake mumber “TOUSANGS o oors
location area) and site Of fish planted
Iake Ontario Figure 3
Ontario
1875-82
Bowmanville Creek Durham 7 91 3
Wilmet Creek Durham 9 28 2
Shelter Valley Creek Northumberland 11 1 1
Trent River Hastings 12 1 1
ILake Ontario - 2. 2285 4
Total 1875-82 406
1919-25
Twelve-mile Creek Welland 1 50 2
Credit River Peel 3 487 6
Iynde Creek Ontario 6 335 2
Soper Branch Durham 8 30 1
Wiimot Creek Durham 9 209 3
Graham Creek Durham 10 30 1
Clark Creek Hastings 14 384 5
Napsnee River Hastings 15 35 2
Total 1919-25 1,560
Ontario total 1875-1925 1,966 B
New York
1873-1898
Lake Ontario - - 4,738 3
Black River Hamilton 21 18 1
Salmon River Oswego 22 1,156 4
Oswego River Oswego 24 294 5
Genesee River Monroe 26 322 5
Sandy Creek Monroe 27 10 1
Osk Orchard Creek Orleans 28 30 1
Total 1873-1898 6,568
1919 '
Eastern ILake Ontario 778
New York total ' 7,346
ILake Ontario total, 9,312

1873-1919

See footnotes at’ end of table.
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TABLE 3.--Numbers (thousands) of chinock salmon planted in the Great Iakes and
their tributaries, 1873-1933,~-Continued

Lake, state or province, County (at stream Figure Thousapds  Number
years, and specific mouth or lake number of fighl ©f years
location area) and site planted
Lake Erie Figure 4
Chio
1873-80
Cuyahoga River Cuyahoga 14 1 1
Huron River Huron 15 25 2
Cold Creek Erie 17 24 3
Sandusky River Sandusky 18 32 2
Iake Erie (Bass :
Islands) Ottawa 20 40 1
Portage River Ottawa 21 15 1
Maumee River Lucas 22 238 5
Total 1873-80 ' 375
1933
Cold & Pickerel Creeks le, 17 79 1 ]
Ohio total 1873-1933 454, | |:
Michigan | ﬁ
1873-80 - s
Maumee River A Lucas (Ohio) 22 3 1 5
Raisin River Monroe 23 8l 3.
Huron River Wayne 24 lg 3
Detroit River Wayne 25 33 3 ‘
Rouge River Wayne .- 26 58 3 |
Michigan total 1873-80 191 |
lake Erie total 1873-1933 645
lake S, Clair Figure 4
Michigan
1873-80
Clinton River Macomb 28 48 4
St. Clair River St. Clair 29 14 1
Black River St. Clair 30 12 1
Lake St. Clair total . /A
1873-80

See footnotes at end of table.
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TABIE 3,--Numbers (thousands) of chinook salmon planted in the Greai lakes and
their tributaries, 1873-1933.--Continued

Lake, state or province, County (at stream  Figure gy ...nq Number
years, and specifie mouth or lake number of fishl of years
location area) and site ' Planted
Iake Huron Figure 5
Ontario
1876=79
Saugeen River -Bruce 41 45 2
Michigan
1873-80
Saginaw River Saginaw 4 170 3
Rifle River Arenac 5 32 1
Au Sable River Iosco 7 130 3
Michigan total 1873=80 332
Lake Huron total 1873~-80 337
Iake Michigan Figure 6
Michigan
1873-80
Menominee River Menominee 14 62 1
Bear River Cherlevolx 19 20 2
Boyne River Charlevolx 20 32. 2
Rapid River Kalkaska 23 12 - 1
Boardman River Grand Traverse 24 8 1
Menistee River Manistee 27 25 1
Pere Marguette River Mason 30 ErA 1
White River Muskegon 31 1 1
Muskegon River Muskegon 32 72 4
Grand River Ottawa . 33 144 5
Kalamazoo River Allegan 35 120 6
Paw Paw River Berrien 36 47 3
St. Joseph River Berrien 37 251 7
Total 1873-80 g0g
Wisconsin
1877-79
Menominee River Waukesha 5 8 2
Root River Racine 6 26 2
Wisconsin total 1877=79 34 '
Izke Michigan total 842

1873-80

See footnotes at end of table.

|
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TABIE 3,--Numbers (thousands) of chinook salmon Planted in the Great Lekes and
thelr tributeries, 1873-1933.-~Continued

Lake, state or province, County (at stream Figure Thousands  YWmber
years, and specific mouth or lake number of fishl of years
location area} and site planted
lake Superior ' Figure 7
Michigan
1874
Carp River Marquette A 60 1
Minnescta
1875
S5t. Louls River St. Louis 13 4 1
Lake Superior total 187475 64
Great lakes total 1873-1933 211,274

18ources of plantlng records are as follews: for all states in 1873-80
Smiley (1884) for Ontario in 1875-82 and 1919-25, MacKay (1956); for New Ybrk
in 1897-9¢, U,S, Fish and Fishery Commission Reports (1898-99) and 1919, U.S.
Bureau of Fisheries Report (1921); and for Ohio in 1933, Trautmen (1935a)

( 2?h.oreline areas of eastern Iake Ontario including the S8t. Lawrence River
20

*Includes unspecified numbers of figh planted in 1876-77 in the Saugeen
River » 8 tributary of Lake Huron.

“Plants for 1878-79 only; numbers plented in 1876-77 were not separated from
Lake Ontario records——see Table 6 in MacKay (1956), ‘
SIncludes 131,000 fish planted in unspecified State of Michigan waters.

-

Lake Ontarjo fishermen caught several in 1877 (Wilmot,

1878), Despite the apparent low survival and

Province of Ontario, Chinook salmon were faflure of the fish to reproduce; these plants
planted in Lake Ontario and its tributaries in provided the first proof that this species could

two periods--406,000 fish (from Sacramento grow to maturity in fresh water.

River, California, stocks) in 1875-82, and 1,56

million (from British Columbia stocks) in The plantings in 1919-25 (90%, fry, 10%, fin-
1919-25, Plants in 1875-82 were about three- gerlings) were divided among eight tributar-
fourths fry and one-fourth 3- to 7-inch (7.6-  ies, According to MacKay (1960), a few sur-
to 17,8-cm) fingerlings. About one-half of the vived and reached weights up to 30 pounds
fish were planted near the shore; the others (13.6 kg); most were seen in the Credit River,
were planted in four tributaries, Fewsurvived,  Although MacKay observed several adults

The weir on Wilmot Creek caught five (one spawning in Twelve-Mile Creek in the fall of

weighed 15 pounds or 6,8 kg) in 1878-82 (Wil- 1927, he concluded that no young were pro-
mot, 1882; Robson, 1878), and commercial duced there or in other tributaries,
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New York, About 7 million chinook salmon
were planted in 1873-1919, The plants were
made in three periods; 450,000 fry in 1873-
82; 6,118,000 fry (a few were fingerlings) in
1897-98; and 778,000 fingerlings in 1919, Most
of the 1873-82 plants were made in tributar-
jes and most of those in 1897-98 and 1919 in
the open lake at the extreme eastern end of
Lake Ontario, According to Bean(1903), plants
made before 1900 were fallures, He suggested
that larger fish should be stocked in the future,
Despite the heavy planting of fingerlings in
1919, no survivors were reported,

I.ake Erie

Qhio, Chinook salmon were planted in Ohio
waters of I.ake Erie in 1873-80 and in 1933,
The Ohio plants in 1873-80 numbered 375,000
fry, about two-thirds of which were released
in the Maumee River drainage, An 1877 report
on the survival of these plants was unique for
chinook salmon and for that perlod. The Ohio
State Fish Commission (1878) reported, "Of
the California salmon planted in our streams,
many have been taken by hook and line, about
six or eight inches long." It was further stated
that no more would be stocked until it was
known if these fish would mature and repro-
duce, but annual reports in following years
made no mention of survival,

InMarch 1933, 79,000 yearlings (post-smolt)
up to 6 inches (13,2 cm) long were planted in
Pickerel and Cold Creeks, tributaries of San-
dusky Bay, Only one survivor was reported, A
2,5-pound (1.1-kg) specimen was caught in
July 1935 by a commercial fisherman near
Kingaville, Ontario (Trautman, 1935b),

Michigan, About 191,000 fry were planted in

the headwaters of five Michigan tributaries of
Lake Erie in 1873-80,

1.akes Huron, Michigan, and Superior

Although few survivors or follow-up obser-
vations were reported on plants of chinoock
salmon in the three upper Great Lakes in
1873-80, plants there demonstrate generally
the planting practices for all salmon in the

Great Lakes in the early years, Chinook sal-
mon were planted in almost every conceivabie
type of habitat--warmwater rivers, spring-fed
creeks, natural lakes and reserveirs, bog
lakes, native brook trout and grayling streams,
and along the shores and near islands of the
Great Lakes, For Michigan tributaries of Lake
Michigan alone, 116 plants (average 7,000 fry
each) were made in 26 counties, Although
plants were made in every month except June,
75%, were made in December and January

(fry often were planted in holes cut through
the ice), In 1880, Michigan planted 575
hatchery-reared adult chinook salmon but
planting locations were not specified (Post,
1894),

ATLANTIC SALMON

Both forms of Atlantic salmon--landlocked
and anadromous--~have been planted in the
Great Lakes, The landlocked form of Atlantic
salmon never became established, despite
plants of more than 1 million fish in a wide
variety of habitats in 1874-1932 (Table 4),
Although a few fish apparently survived and
matured, no second generation fish were ab-
served, Most plants were made in amall lakes
and their tributaries in the Greatl.akes drain-
age in an attempt to establish local popula-
tions; some plants were made to establish the
species in the Great Lakes, ’

About otle~half of the salmon of the land-
locked form were planted in Michigan, Heav-
iest plants were made in two areas; 178,000
fry and 2,000 fingerlings (divided among 18
years) in the St, Marys River (between Lakes
Superior and Huron) and 162,000 fish (over 7
years) in Torch Lake, Michigan, The resuits
of plants in the Great Lakes before 1933 were
80 poor that few landlocked Atlantic salmon
have been planted since,

In 1873-1947, 743,000 anadromous Atlantic
salmon were planted in the Great Lakes or
their tributaries {(Table 5), Most of the plants
were made in 1873-75, a few in 1876-1902,
and the others (in Duffin Creek, a tributary to
Lake Ontario} in 1944-47, Virtually all of the
planted fish were fry; survival or recovery
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TABIE 4.--Numbers (thousands of lendlocked Atlantic salmon planted in
the Great lLakes and their tributaries, 1874-1932.

Lake, stete or province, County (at stream Figure Thousends  Number
years, and specific mouth or lake mumber . ‘fi nl of years
location area) and site 8 planted
TLake Ontario Figure ‘3
New York
1478-1917
Black River Jefferson 21 15 2
Oswego River Oswego 24 2 1
Genesee River Monroe 26 25 6
Lake Ontario total, 1878-
1917 42
Lake Erie Figure 4
Ohio
187680
Sandusky River Sandusky 18 5 1
Iake Erie (Bass
Islands) Ottawa 20 20 1
Maumee River Iucas 22 38 3
Total 1876-80 63
Michigan
1878-1932 | )
Huron River Wayne 24 25 4
Rouge Rilver Wayne 26 4 1
Total 1876-1932 29
Lake Erie total, 1876~
1932 92
Lake Huron Figure 5
Michigan
1878-1932
Saginaw River Saginaw 4 5 1
Au Sable River Iosco 7 20 3

See footnotes at end of table.
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TABLE 4.--Numbers (thousands) of landlocked Atlantic salmon planted in
the Great Lakes and their tributaries, 1874- 1932. --Continued

Lake, state or province, County (at stream Figure Thousands Number
years, and specific mouth or lake number © . ., ©Of years
location area) and site OF £18B7  planted
Cheboygan River Cheboygan 11 10 2
St. Marys River Chippewa 13 180 18
Lake Huron total, 1878-
1932 215
Lake Mlchigan
Michigan Figure 6
1874-1932
Boyne River Charlevoix 20 7 1
Torch Lake Antrim 22 162 7
Rapid River Kalkaska 23 72 5
Boardman River Grand Traverse 24 20 3
Menistee River Menistee 27 52 6
Pere Marquette River Mason 30 35 2
Muskegon River Muiskegon 32 73 12
Grand River Ottawa 33 11 2
Kalamazoo Hiver Allegan 35 33 10
St.. Jogseph River Berrien 37 34 7
Lake Michigan total, -
1874-1932 499 -
Lake Superior Figure 7
Michigan
1882-95
Carp River Marquette 4 36 2
Isle Royale Keweenaw 11 70 1
Total 1882-1895 106
Wisconsin
1879 o
Apostle Islands Ashland 12 2 1

See footnotes at end of table.
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TABIE 4,~--Numbers (thousands) of landlocked Atlantic salmon planted in
the Great lakes and their tributaries, 1874-1932,--Continued

Lake, state or province, County (at stream Figure Thousands Nwuber
years, and gpecific mouth or lake number £ fisnl of years
location area) and site % ** Planted
Minnesota
1879-95
St. Louis River St. Louis 13 -5 1
Near Duluth St. Louis 14 75 3
Total 1879-1895 80
Lake Superior total, 1879.
1932 : 188
Great Lakes total, 1874-1932 21,036

1sources of planting records are as follows: for Michigan, Bower (MS_1937),
Fukeno, et al. (MS 1964), and Holcomb (MS 1964); supplemental planting records
for Michigan and for all records for the other &states in 1874-80 were taken
from Smiley (1884), from U.S. Fish and Fishery Commission Reports from 1881
(1884) to 1903 (1905), and from U.S. Bureau of Fisheries Reports from 1904
(1905) to 1932 (1933).

?Includes 28,000 fish planted in unspecified waters of Michigan.

TABIE 5.--Numbers (thousands) of anadromous Atlantic salmon planted in the
' Great Lekes and their tributaries, 1873-1947.

Lake, state or province, County (at stream Figure

years, and specific mouth or lske number Thousandd o?u§2:;s
location srea) and site of fish?l planted
Lake Ontario Figure 3
New York

1873-1902
Salmon River Oswego 22 144 5
Oswego River Oswego 24 i5 1.
Genesee River Monroe 26 10 1

New York total, 1873-1902

See fdotnote at end of table.
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TABLE 5.--Numbers (thousands) of anadromous-Atlantic salmon planted in the
Great lakes and their tributaries, 1873-1947--Continued.

Iake, state or province, County (at stream Figure Thousands Number
years, and specifie mouth or lake number e piepl Of vears
location aresa) and site & *1° planted
Ontario
194447
Duffin Creek Ontario 5 160 4
lLake Onterio total, 1873-
1947 : 329
Lake Erie Figure 4
Ohio
1873-75
Cold Creek Erie 17 2 1
Sandusky River Sandusky 18 10 1
Lake Erie (Bass
Islands) Ottawa 20 30 1
Maumee River Lucas 22 10 1
Ohio total, 1873-75 52
Michigan
1873
Raisin River Monroe 23 1 1
Lake Erie total, 1873-75 53
Leke St. Clair Figure 4
Michigan
1873
Lake St. Clair Macomb 27 4 1
Lake Huron Flgure 5
~Michigan
1873-75
Au Sable River Iosco 7 2 1
St. Marys River . Chippews 13 25 1
Michigan total, 1873-75 . 27

See footnote at end .of table.
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‘he TABIE 5--Numbers (thousands) of anadromous Atlantic salmon planted in the
Great Lakes and their tributaries » 1873-1947--Continued
T Lake, state or province 5 County (at stream Figure Thousands Number
rs years, and specific mouth or lake number : nl of years
: of fish
a location area) and site planted
Lake Michigan Figure 6
Michigan
1873-75
Boardman River Grand Traverse 24 40 1
Manistee River Manistee 27 41 2
Muskegon River Muskegon 32 8 1
Grand River Ottawa 33 1 1
Kalamazoo River Alegan 35 1 2
St. Joseph River Berrien 37 9 2
Michigan total, 1873-75 100
Wisconsin
1873-74 o |
Menominee River Waukesha 5 30 2 i
Lake Michigan total, 1873- |
75 _ 130 |
Lake Superior : Figure 7 j
Mimmesota - ;
1
1875-81 P
St. Louis River St Louis 13 200 2 l
[
‘ :
Great Lakes total, g
1873-1947 : 743 |l
1Sources of planting records are as follows: for all states in 1873-80,
Smiley (1884); for 1881-1902, U.S. Fish and Fighery Commission Reports for 1881
(1884) to 1902 (1903); for Ontaric in 1944-47, MeCrimmon (1950). |
was extremely low. Although reports on re- River stocks in Canada) planted annually in ‘ I‘
‘coveries occasionally were made in the liter- Duffin Creek in 1944-47 demonstrated high ’ B
ature, few were verified; this species often survival to the smolt stage (McCrimmon 1950), ”
was confused with chinook salmon and the The fry were planted at the rate of one; per. [
steelhead trout (Salmo gairdneri) in the early linear yard (0.9 m) of stream each year, Of [’
years, the 40,000 fry of anadromous salmon Planted i
in the spring in each of the years 1945-47 (no i
In contrast o the earlier plantings, the data for the 1944 Pplant) survival to the follow~
40,000 Atlantic salmon fry (from Miramichi Ing October was estimated at 4,500, 4,100, and ‘

_——-—_—»
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3,000, respectively, The average survival for
the 3 years was about 119, After 15 months
(in October of the second year), average sur-
vival was about 87,

In the spring of 1948, a trap set about 8§
miles (12,9 km) above the mouth of the east
branch of Duffin Creek took 600 2.year-old
smolts ag they migrated downstream, One 5-
pound (2,3-kg) female was recaptured in Duffin
Creek in the fall of 1948; however, few other
adults returned in the following years,

OTHER SALMONS

Coho salmon

In 1933, 41,000 coho salmon fingerlings
were planted in two small tributaries of San-
dusky Bay of Lake Erie but no survivors were
reported, The coho salmon were planted jointly
with chinook salmon,

In 1937, the U,S. Bureau of Fisheries offered
coho salmon eggs to all the stateg adjacent to
the Great Lakes, The reaction of all the states
was negative and the matter was dropped by
the Bureau(C.F, Culler, perscnal communica-
tion; letter to John Van Qosten,: December 20,
1937),

Masu salmon

About 200 fingerlings (18 months old) were
planted in the North Branchof the Boyne River
in Charlevoix County, Michigan, in 1929, No
survivors were reported (F,A, Westerman,
personal communication; letter to Carl, L.,
Hubbs, March 31, 1930),

EVALUATION OF PROPAGATION
OF EXOTIC SALMON BEFORE 1950

Somehow, up to 1950, apparently the right
species of the right size or age was never
planted at the right place, at the right time,
and in adequate numbers to establish either a
temporary fishery or a permanent population.,
In the light of developments of 1950-70, it

hardly seems possible that they could have
failed entirely,

PLANTING OF ATLANTIC, PINK,
AND KOKANEE SALMON

The years since 1950 represent the modern
era for salmon in the Great Lakes, Plants of
salmon usually were carefully planned; most
species were planted as fingerlings or smoli;
and follow-up studies of plants were the rule,
Valuable new fisheries have developed for
some species in some lakes, A review of the
plants and results for each species follows,

ATLANTIC SALMON

The only Atlantic salmon planted in the
Great Lakes in 1950-70 were in New York
tributaries of I.ake Ontario, In 1953-70,
410,000 2- to 6-inch (5,1~15,2 cm) spring or
fall fingerlings were planted in the Black, Sal-
mon, and Oswego Rivers. The average number
of fish in 137 plants was 3,000 (D,G, Pasko,
personal communication), Most of the salmon
planted were anadromous forms (from the
Maritime Provinces of Canada)but some were
landiocked forms (from Maine), Salmon were
planted in the Black and Oswego Rivers pri-~
marily to establish a put-and-take sport fish- .
ery (D.G, Pasko, personal communication),
Those in the Salmon River were planted in an
attempt to develop a spawning population in
Lake Ontario, '

For the Black River, 25,000 were planted in
several of the Fulton chain of lakes (largest,
2,000 acres or 810 ha), and 69,000 were
planted intheir tributaries, Survival was low--
few were taken by anglers,

.- A total of 288,000 fingerlings were planted
in the Finger Lakes and their tributaries in
the Oswego River system in 18 consecutive
years, Survival was highest in Cayuga Lake,
where a sport fishery has developed; 5- to
7-pound {2,3- to 3.2-kg) salmon have been
caught by anglers, Small spawning runs have
occurred in one tributary of Cayuga Lake (the
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first in 1957; Webster, 1958) but no young have
been reported,

Salmon were planted in the Salmon River in
only 4 years (the last in 1959), Apparently
none of the 28,000 fish planted were recovered,

Annual plants of Atlantic salmon in the
Black and Oswego Rivers were being continued
in 1970,

PINK SALMON

A planting of about 20,000 pink salmon
fingerlings by the Ontario Department of Lands
and Forests was the sourceofa self-sustaining
population in Lake Superior, The plant, from
British Columbia sea-run stocks, was made in
June 1956 in the Current River, a tributary to
Thunder Bay (R, A, Ryder, personal communi-
cation). A plant of several hundred fish also
was made near Pie Island,

The first recovery of pink salmon was re-
ported by Schumaker and Eddy (1960), In the
fall of 1959, two males about 19 inches (45,7
cm) long were caught by anglers in Minnesota
tributaries, These prespawners were the first
recorded adults produced by natural repro-
duction in Lake Superior.

In the fall of 1961, four pink salmon were
caught by anglers and nine pairs of spawners
wereobserved on redds in the Poplar River in
Minnesota (Schumaker and Hale, 1962), A few
fish also were observed in other tributaries of
Minnesota and in Ontario. The only other re-
port on pink salmon in the early 1960's was
the sighting of six prespawning fish in the
Cross River, Minnesota, on September 20,

- 1963 (Moore and Braem, 1965),

Pink salmon' were relatively scarce in most
tributaries of Lake Superior until the fall of
1969, By that year, the species had spread
throughout most of the lake and spawning runs
occurred in many tributaries in Ontario, Min-
nesota, Wisconsin, and Michigan, Spawning
runs of up to 1,000 fish were reported in
Ontario tributaries in 1969 by R, A, Ryder
(personal communication),

In the fall of 1969, pink salmon spawned for
the seventh time and had completed six gen-
erations of natural reproduction (in the odd
years, 1959-69). Despite the abundance of pink
salmon in tributaries, this species hag con-
tributed little to the sport or commercial fish-
ery, To increase abundance for sport and
commercial fishing, Schumaker and Hale
(1962) recommended that a strain of even-year
spawners should be introduced in Lake Super-
ior,

Pink salmon in Lake Superior were rela.
tively small compared to sea-run fish, Most
brespawners in Lake Superior were about 14
to 20 inches or 36 to 51 cm long and weighed
1,1 to 2,2 pounds or 0.5 to 1,0kg (Great Lakes
Fishery Commission, MS 1970a),

Pink salmon spread into ILake Huron in
1969, In the fall, a few adults were observed
in the Carp River (Mackinac County), a tribu-
tary in the Upper Peninsulaof Michigan (Great
Lakes Fishery Commission, MS 1970a),

KOKANEE SALMON

The kokanee salmon was first introduced
into the Great Lakes system in New York trib-
utaries of Lake Ontario in 1950, In 1950-70,
about 19 million were planted in the Great
Lakes--primarily in Lakes Ontario and Huron,
The total plantings were mostly fry (74%), but
also included fingerlings (17%) and eggs (9%).

Survival of kokanee salmon in the Great
Lakes and their tributaries has been poor,
except for fingerlings planted in Lake Huron
and in several New York lakes tributary to
Lake Ontario, In Lake Huron, spawning runs
have developed in several streams, and a
second generation has been produced by nat-
ural reproduction in at least one stream.

The planting records are given in Table 6;
results by lake and state or province follow,

Lake Ontario

Ontario, Nearly 5.4 million kokanee salmon
were planted in 1964-70 in three tributaries of

e S
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TABLE 6.--Numbers (thousands) of kokanee salmon planted in the Great Lakes and
their tributaries 1950-70.

Lake, state or province, County or Distriet Figure Thousands Number

years, and specific (at stream mouth — Dumber .o 3 of years
location or lake area) and site 8 planted

Lake Ontario Figure 3
Ontario
1964-70 (mostly fry)?

Wilmot Creek * Durham 9 724

4
Shelter Valley Creek  Northumberland 11 1,616 7
Salmon River Hagstings 13 537 3
Iake Ontario
Shelter Valley Northumberland 16 666 1
Glenora Prince Edward 17 823 3
Main Duck Island Prince Edward 18 517 3
Charity Shoal Prince Edward 19 499 3
St. Lawrence River leeds 20 5 3
Ontario total, 1964-70 5,387
New York
1950-70 (fingerlings)
Oswego River 24
Green Lake Onondaga 77 10
Black River Hamilton & Herki- -
mer 21
Third Bisby Lake 1 1
Deep Leke 3 1
Bug Lake 101 4
Limekiln and other lakes 80 1
New York total, 1950-70 | 262
Lake Ontatio total, 1950-70 : , 5,649
Lake Erie Figure 4
Michigan
1969-70 {fry and finger-
lings)
Huron River
Cass Lake Oakland 24 326 2

See footnotes at end of table.
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TABLE 6.--Numbers (thousahds) of kokanee salmon planted in the Great Lakes

and their tributaries 1950-70.--Continued

Lake, state or province, County or District Figure Thousands Number
years, and specific (at stream mouth number p £ianl of years
location or lake area) and site planted
Lake Huron Figure 5
Ontario
1964-66 {eyed eggs)
Lauzon Creek Algoma 14 42 1
Kagawong Creek Manitoulin 15 42 1
Manitou River Manitoulin 18 360 3
South Bay Manitoulin 21 110 2
Chickenechine River Manitoulin 22 150 2
Go Home River Muskoka 25 190 3 '
Indian Creek Grey 29 45 3
Bothwell Creek . Grey 31 65 3
Sydenham River Grey 32 330 2
Willow Creek Bruce 39 140 3
Sauble River Bruce 40 80 1
Saugeen River Bruce 41 . 180 1
Ontario total, 1964-66 1,734
196470 (fry)
Ritchie's Rock Manitoulin 15 38 1
Kagawong Creek Manitoulin 16 80 d
Elizabeth Bay Manitoulin 17 134 1
Manitou River Manitoulin 18 215 27
Blue Jay Creek Manitoulin 19 78 1
South Bay Manitoulin 21 1,368 6
George Lake Manitoulin 22 _ 59 1
Byng Inlet Parry Sound 23 581 1
Mowatt Island Parry Sound 24 292 3
Sturgeon River Simcoe 26 195 1
Balmy Beach Simcoe 27 98 1
Nottawasaga River Simcoe 28 470 2
Centreville Creek Grey 30 24 1
Meaford Shoal Grey 31 54 1
Bothwell Creek Grey 32 48 1
Sydenham River . Grey 33 175 1
Pottowattomi River Grey ) 34 160 1
Owen Sound Grey 35 128 3
Oxenden Creek Grey 36 203 2
. Colpoy Bay Area Grey 37 422 3

See footnotes at end of tabie.
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TABIE 6~-Numbers (thousands) of Kokanee salmon planted in the Great lakes
and their tributaries 1950-70, --Continued

Lake; state or province, County or District Figure Thousends Number
years, and specific (at stream mouth number £ pighl of years
location or lake area) and site °OF '*F planted
Iion's Head Bruce 38 582 4
Willow Creek Bruce 39 150 1
Sauble River Bruce 40 300 2
Saugeen River Bruce 41 490 2
Total, 1964-70 6,344
1965-70 (fingerlings)
Michael Bay Manitoulin 20 54 1
South Bay Manitoulin 21 696 6
George Lake Manitoulin 22 22 1
Byng Inlet Parry Sound 23 88 2
Oxenden Creek Grey ' 36 18 2
Ontaric total, 1965-70 882
Lake Huron total, 1964-70 8,956
Lake Michigan Figure 6
Michigan
1965-70 (fry and finger-
lings)? - : -
Torch Lake Antrim 22 2,239 2
Higgins Leke (Muskegon ,
River) ' Muskegon 32 1,697 4
Michigan total, 1965-70 3,936
Lgke Superior Figure 7
Minnesota
1963-66 {fry)
Brule River Cook 19 261 4
Pigeon River Cook 20 105 4
-Lake Superior total, 1963~ -
66 , 366

Great Lakes total, 1950-70 19,233

See footnotes on page 47.
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Footnotes for table 6.

lPlanting records were obtained from the following sources: Province of
Ontario for Lake Ontario, J. R. Colemen (personal communication) and for Lake
Huron, Collins (1972) and J. J. Colllns (personal communication); New York,
D. G. Pasko (personal communication); Michigan, unpublished plenting records of
the Michigan Department of Natural Resources; and Minnesota, D. E. Woods (per-

sonal communication).

2p11 fry (3,327,000) except for 20,000 fingerlings planted in Shelter Valley
Creek in 1969 and 41,000 fingerlings planted near ite mouth in Lake Ontario in

1970. :

3plantings in Torch leke comprised 2,041,000 fry (3,000 per pound or 1,362 per
kg) in 1965 and 916,000 fingerlings (500 per pound or 227 per kg), in 1966; those
in Higgins Lake, a tributary of the Muskegon River, consisted of 718,000 fry in

1965, 221,000 fingerlings in 1966, 723,000 fingerlings in 1967, and 35,000 finger-

lings in 1970.

Lake Ontario and in five locations in the open
waters of the lake, Eggs for propagation of
fish for plantings in Lake Ontario (and I.ake
Huron) were obtained from stream spawning
and lakeshore spawning stocks in British Co-
lumbja, Washington, Colorado, and Montana,
The introductions were made in Lake Ontario
with the aim of establishing a permanent pop-
ulation, Except for a few eggs planted in the
winter of 1964-63 and 81,000 2- to 3-inch (51~
to 76-~mm) fingerlings planted in 1969-70, all
plantings were fry,

The results of the plantings were poor; only
a few scattered fish have been reported caught,
No captures were reported In 1968 and none
were taken in experimental gill nets fished off
the mouth of Shelter Valley Creek in September
1969 (Ontario Department of Lands and Forests,
1970), In 1970, the few fish reported were taken
by a commercial fisherman-(J, R, Coleman,
personal communication),

New York. In 1950-70, 262,100 1I- to 2-inch
(25~ to 51-mm) kokanee salmon fingerlings
were planted in several lakes in the head-
waters of the Black River in Hamilton and
Herkimer Counties, and in Green Lake on the
Oswego River in Onodaga County, The primary
objective was to develop a put-and-take sport
fishery, All fish were planted in Green Lake
in 1950-58, but most were planted in the Black
River lakes thereafter. The eggs (from Maine,

Connecticut, and Montana) were hatched in
November and planted as spring fingerlings
(D.G, Pasko, personal communication),

Survival of fish from the different plantings
varied widely, A few kokanees up to 15 inches
(38 cm) long have been caught in Green Lake
but survival there was generally poor, Spawn-
ing was observed on a shoreline shoal but no
young were cbserved, A moderate sport fish~
ery (up to 50 fish a day) developed in Bug Lake
of the Fulton chain of lakes on the Black River;
average length of the fish caught was about 10
jinches (25.4 cm), No fish planted in-other
lakes are known to have survived,

-

Lake Erie

About 200,000 fingerlings in 1969 and
126,000 fry in 1970 were planted in Cass Lake
(Oakland County), at the headwaters of the
Huron River in Michigan, Few survivors have
been reported,

Lake Huron

Nearly 9 million kokanee salmon were
planted in Province of Ontario waters of Lake
Huron and its tributaries in 1964-70 in dn at-
tempt to establish a permanent population,
Eggs for planting or hatching were obtained
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from British Columbia, Colorado, Montana,
Washington, and Idaho, All eggs were taken
from stream spawning stocks except for some
that were taken from shoreline spawning
stocks In Montana (Collins, 1972), Several
thousand fry planted in Lake Huron in 1968
originated from eggs collected from spawners
in two Lake Huron tributaries--Manitou River
‘and Colpoy Creek.

Survivors of the various plants rarely were
seen except in the fall when they spawned
(some spawned after two growing seasons but
most after three growing seasons; Collins,
1973), In 1966-69, spawning populations were
observed in 23 tributaries and in South and
Colpoy Bays (Ontario Departmentof Lands and
Forests, 1970), Spawning adults were observed
almost entirely in the Manitoulin Island area
andin Georgian Bay near and in tributaries on
the Bruce Peninsula,

Through 1970, the kokanee salmon had con-
tributed little to the Lake Huron sport and
fishery,

Lake Michigan

More than 3,9 million fingerlings were ‘
planted in 1965-67 and 1970 in Torch Lake and
Higgins Lake in Michigan in an attempt to es-
tablish permanent populations in these inland
waters, which are connected with Lake Michi-
gan by streams, Survival apparently was ex-
tremely low inboth lakes--no kokanees planted
in 1965-67 are believed to have survived
through 1970 (C,M, Taube, personal communi-
cation),

Lake Superior

In 1963-66, 366,000 fry were planted in
Minnesota in Greenwood Lake of the Brule
River drainage (261,000) and in Leo Lake of
the Pigeon River drainage (105,000), Survival
from these experimental plants was low; only
a few fish reached maturity (length 10 to 12
inches or 25.4 to 30.5 cmy} and all had disap-
peared by 1970 (D,E, Woods, personal com-
munication),

COHO AND CHINOOK SALMON

Because of the importance of coho and chi-
nook salmon in the Great Lakes, a review of
some of the species characteristics, related
terminology, and general planting practices is
given here to help clarify later descriptions of
the results of propagation,

In the Great Lakes area, coho and chinocok

salmon eggs incubated in hatcheries usually
hatch in December and January, In streams

‘under natural conditions, eggs usually hatch in

March and April, Ages given here for salmon
follow the system long used for other Great
Lakes species; fish are designated as age O
during their first year of life (or growing
season), and ages I, II, ., .during subsequent
successive years,

Both species have been planted in the Great
Lakes as smolt (the size and age at which the
fish lose their parr markings, turn silvery,
and start to migrate downstream to the sea or
lake) to increase chances of survival (over
fish planted at a smaller size), and to ensure
highly developed homing instincts, Planting
smolt hag been a long accepted practice onthe
Wegt Coast, Since, with few exceptions, all
coho salmon were planted in the Great Lakes
at about the same age (age I) and time of the
year, the distinction between smolt and pres
smolt (both are used in planting records) is _
not made in this paper, Many plants probably
included fish in both stages,

In the Great Lakes, most coho salmonsmolt
were planted in the spring (March to May, but
usually in April) when they were about 16
months old and 4 to 6 inches (10.1 to 15,2 cm)
long and weighed about 0,8 ounce or 25 g (20
fish per pound; range among plants, 12 to 30).
After the first season of release, some return
to the streams (or point of release) in the fall
as "jacks' (precocious males; age I), but most
return to spawn in the fall two growing sea-
sons after release (age II). Few live longer
than age II, These characteristics are the
same as those of coho salmon planted in the -
Columbia River (L.R, Donaldson, personal
communication),
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Nearly all coho salmon eggs for plantings
in the Great Lakes in 1966-69 were obtained
from Columbia River stocks in 1965-67 and
from fish in spawning runs in the Platte and
Little Manistee Rivers, State of Michigan trib-
utaries of Lake Michigan, in 1968-69, Eggs
from Michigan and Columbia River stocks
have also been the source of plantings made
by other states and QOntario,

Chinook salmon (most of which were from
Columbia River stocks) were planted in the
spring (age 0) in the Great Lakes, when they
were about 4 to 5 months old and 2 to 3 inches
{51 to 76 mm) long and averaged about {,16
ounce or 5 g (100 fish per pound). When
planted in streams, the smolt usually migrate
downstream to the lake within a few days. In
the fall, two growing seasons after release, a
few return to streams as precocious spawners
{mostly males, age I}, Most fish that return to
the streams after three seasons of growth
(age II) are mature males and most of those
that return after four seasons (age III) are
mature females (most females spawn at this
age), Nearly all age-]V fish are females; only
rarely do chinook salmon reach age V, The
largest spawning runs that develop from a
single plant consist of fish of ages Il or III,
These age characteristics of fish in the runs,
which are characteristic of Columbia River
stocks (L,R, Ponaldson, personal communica-
tion), apparently are typical for chinook sal-
mon planted in Lakes Michigan and Huron,

Most coho and chincok salmon were released
in tributaries near their mouths, but a few
plants were made in small streams in the
headwaters of major tributaries and in the
Great Lakes proper--near stream mduths,

- along the shoreline, and in the open water,

Plants were made in the lakes primarily to
lengthen the time of lake residency in an at-
tempt to increase the availability of the fish to
open-lake fishing and reduce the size of
stream runs, (Congestion of anglers has be-
come 2 serious problem in some streams that
have heavy runs,) It is not yet known whether
these benefits will result from lake plants,

In most states, some fish wexre held in
streams for about 2 weeks (others as long as

8 weeks), in holding cribs, retaining ponds, or
in sections of streams blocked by nets, with
the hope that the homing instincts of spawning
fish would be strengthened, Although these
holding practices have not been fully evaluated,

homing instincts of hoth species appear to be

strong even for fish planted directly, without
containment, in Michigan tributaries of I.ake
Michigan,

Other than the Columbia River stocks, one
other strain of coho and one of chinook salmon
have been planted, The Alaskan (Swan River)
strain of coho salmon was planted experi-
mentally for several years in tributaries of
Lake Michigan and Superior by the State of
Michigan, As adults, fish of this strain concen-
trate near stream mouths and migrate upstream
at least 1 month earlier (in August) than do
fish of the Columbia River stocks (September
and October), One of the purposes of planting
the Alaskan strain was to provide a more pro-
tracted fishing season for salmon, but the
results have not been fully evaluated,

Chinook salmon of the Donaldson strain
{Columbia River stocks selectively bred since
1949 by the University of Washington;

L.R, Donaldson, personal communication) were
planted experimentally in 1968-70 in Thunder
Bay River, a tributary of Lake Huron, by
Alpena Community College, Alpena, Michigan,
in cooperation with the Michigan Department
of Natural Resources, and in 1969 in Straw—
berry Creek, a Wisconsin tributary of Lake
Michigan, Fish of this strain grow faster and
the females mature a year earlier than do
those of other Columbia River stocks

(L.R, Donaldson, personal communication).
Studies of the habits or age of spawning of this
gtrain in Lakes Huron and Michigan have not
been completed,

In the following sections | make broad com-
parisons of the results of the introductions of
chinook and coho salmon in the Great Lakes
and describe, for each lake, the numbers
planted and recovered by various methods,
characteristics of the fisheries, growth rates
(as indicated by average welghts at different
ages), incidence of lamprey predation, homing
instincts, and natural reproduction,
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Data available on the results of the plants of
coho salmon in the Great Lakes are generally
adequate to describe well the rate of recovery
and characteristics of the populations for each
lake and make valid comparisons among the
lakes, Data are now avallable from each of the
lakes on the complete life cycle of fish from
at least two plants of coho salmon.

Data available for chinook salmon are incom-
plete or fragmentary, Only in Lakes Michigan
and Superior did fish from the first plantings
(in 1967) complete most of their life cycle
(age-III females in the fall of 1970), In other
three lakes none were older than age II (in
Lake Erie the first plantings were made in
1970). Judging by the data available through
1@70, the relative rates of survival and growth
in the different lakes and the percentages at-
tacked by sea lampreys appear to be similar
to those for the coho salmon,

A large majority of the c¢oho and chincok
salmon taken in the commercial fishery were
caught in Canadian waters, Even there, landing
of salmon was permitted only if the flSh were
caught by conventional gear on traditional fish-
ing grounds. Regulations in most states per-
mitted the landing of only a few salmon by
commercial fishermen; for example, in Ohio
the maximum was six fish per day for each
fishing vessel,

In the following sections, sources of data
for individual tables are given in the table
footnotes. Although not always cited, many of
the data in the text were taken from Great
Lakes Fishery Commission (MSS 1969 a-e;
1970 a-e; 1971 a-e), Borgeson (MS 1970),
Weaver (MS 1969), and Bullip (MS 1971).

COHO SALMON, .1966-70

Nearly 16 million coho salmon smolt were
planted in the Great Lakes and their tribu-
taries in 1966-70 (see Table 7 for planting
records by lake, state, province, and year),
About 65% of the fish were planted in Lake
Michigan, and 879 by the State of Michigan,

Recoveries from planted stocks

The catch of coho salmon in the several
lakes, as reported by the states and Province
of Ontario, was largely determined by the
number of smolt planted and the number of _
years in which plantings were made, survival,
availability, fishing intensity, and the extent
to which weirs were used to capture fish in
spawning runs in tributaries, Despite these
variables, the success or failure of the intro-
ductions and magnitude of the fisheries that
were developed in the different lakes are
reasonably clear,

Of the 10,5 million coho salmon planted in
the Great Lakes in 196669, about 2 million
(19%) were caught in 196670 (nearly all fish
Planted in 1966-69 completed their life cycle
in 1970 or earlier), Of the fish recovered, 60%
were taken by angling, 35% in weirs, and 5% by
the commercial fishery (Table 8),

On the whole, the recovery percentages for
planted cohe salmon in the different lakes are
reasonable indicators of relative levels of sur-
vival, The total percentages of planted fish
recovered in each lake were: Lake Michigan,
21; Lake Huron, 17; Lake Erie, 8; Lake Su-
perior, 6; and Lake Ontarlio, less than 1 (see
Table 9 for numbers planted, years planted,
and percentage recovery by different methods),

The relative magnitude of the coho salmon
sport fishery in the different lakes is best
shown by the average annual number of fish
taken by anglers after the first plant in each
lake (Table 9), The annual average catch was
greatest in Lake Michigan (189,200 fish) and
inconsequential in Lake Ontario (100 fish), The
highest single year's catch was in Lake Mich-
igan (516,000 fish in 1970),

Since the coho salmon were planted in the
Great Lakes to support a sport fishery, the
ratio of pounds planted to pounds caught by
anglers is probably the best measure of the
relative success of the plants in the different
lakes, The estimated number of pounds re-
covered by the sport fishery for each pound
planted (on the assumption that the fish planted
averaged 20 per pound) was 23 for Lake
Michigan, 18 for Lake Huron, 4 for Lake
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TABIE 7.--Numbers (thousands) of coho salmon planted in the Great
Iskes and their tributaries, 1966-70.

Leke, state or province, County {at stream Figure
. Thousands
years, and specific mouth or lake number of fisht
location area) and site -8
Lake Ontario Figure 3
Ontario
1969
Bronte River Halton 2 20
Credit River Peel 3 20
Humber River York 4 20
Total 1969 130
1970
Bronte River Halton 2 .20
Credit River Peel 3 100
Humber River York A 25
Total 1969-70 145
Ontario total, 1969-70 275
New York
1968
Salmon River Oswego 22 41
1969
Little Salmon River Oswego 23 89
Oak Orchard Creek Orleans 28 20
Total 1969 109
1970 ,
Salmon River Oswego 22 250
Sterling Creek Cayuga 25 50
Total 1970 300
New York total, 1968-70 421
Lake Ontario total, 1969-70 726

See footnotes at end of table.
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TABLE 7, --Numbers (thousands) of coho salmon planted in the Great
Iakes and their tributaries, 1966=70,==Continued
Lake, state or province, County (at stream Figure
years, and specific mouth or lake number I?ogianis
location area) end site ©OF fish
Lake Erie Figure 4
New York
1968
Cattaraugus Creek Cattaraugus 2 5
1969
Cattaraugus Creek Cattaraugus 2 10
1970
Eighteen-Mile Creek Erie 1 24
Cattaraugus Creek Cattaraugus 2 30
ILake Erie Chautaqua 3 20
Total 1970 74
New York total, 1968-70 89
Pennsylvania
1968
Trout Run Erie 7 34
Unnamed tributary Erie 8 10
Godfrey Run Erie 9 20
Grimshaw Run Erie 10 15
Elk Creek Erie 11 7
Total 1968 86
1969
Orchard Beach Run Erie & 2
Six-Mile Creek Erie 5 1
Welnut Creek Erie 6 21
Trout Run Erie 7 30
Godf'rey Run Erie 9 60
Grimshaw Run Erie - 10 19
Total 1969 133

See footnotes at end of table.
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TABIE 7.--Numbers (thousands) of coho salmon planted in the Great
Lakes and their tributaries, 1966-70.--Continued

lake, state or province, County (at stream Figure

Thousands
years, and specifie mouth or lake number of fishl
location area) and site
1970
Orchard Beach Run Erie 4 4
Six-Mile Run Erie 5 g
Walnut Creek Erie 6 25
Trout Run Erie 7 43
Godfrey Run Erie 9 75
Grimshaw Run Erie 10 10
Elk Creek Erie 11 32
Total 1970 197
Pennsylvania total,
1968-70 416
Ohio
1968
Chagrin River Geauga i3 30
1969
Conneaut Creek Ashtabula 12 28
Chagrin River Geauga 13 31
Huron River Erie 15 28
Lake Erie (Bass
Tslands) Ottawa 20 5
Total 1969 , 92
1970
Conneaut Creek Ashtabula 12 T
Chagrin River Geauga 13 40
Huron River Erie 15 95
Lake Erie (Kelley :
Island) Erie 19 10
Lake Erie (Bass
Islands) Ottawa 20 35
Total 1970 | 254,
Ohio total, 1968-70 376
Lake Erie total, 1968-70 881

See footnotes at end of table.
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TABLE 7.--Numbers (thousands) of coho salmon planted in the Great
Lekes and their tributaries, 1966-70.--Continued
Lake, state or province, County (at stream Figure T a
years, and specific mouth or lake number O?O\;?_:EJ.S
location area) and site
Lake Huron Figure 5
Michigan
1968
Tawas River (Cold
Creek) Iosco 6 177
Au Seble River Iosco 7 75
Thunder Bay River Alpena 9 100
Carp River Mackinac 12 50
Total 1968 402
1969
Tawas River (Cold
Creek) Iosco 6 200
Au Sable River Iosco 7 217
Thunder Bay River Alpena 9 150
Carp River Mackinac 12 100
Total 1969 667
1970
Lakeport Creek St. Clair 1 25
Elk Creek Sanilac 2 25
Diamond Creek Huron 3 25
Tawas River Icsco 6 60
Au Sable River Tosco 7 236
Thunder Bay River Alpena 9 100
Carp River Mackinac 12 100
Total 1970 571
Lake Huron total, 1968-70 1,640
Lake Michigan Figure 6
Michigan
1966
Platte River Benzie 26 265
Manistee River (Bear
Creek) Manistee 27 395
Total 1966 660

See footnbtes at end of table.
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TABIE 7,--Numbers (thousands) of coho salmon planted in the Great
lakes and their tributaries, 1966-70,--Continued
Lake, state or province, Count (at stream
years, and specific mou{h or lake iilgngii Thousanclis
location area) and site ©F fish
1967
Thompson Creek Schooleraft 17 46
Platte River Benzie 26 503
Manistee River {Bear
Creek) Manistee 27 750
ILittle Manistee River Manistee 28 433
Total 1967 1,732
1968
Whitefish River Delta _ 16 100
Thompson Creek Scehooleraft 17 25
Bear River Emmet 19 52
Porter Creek Charlevoix 21 50
Brewery Creek Ieelanau 25 101
Platte River Benzie 26 309
Manistee River Manistee 27 75
Iittle Manistee Lake 28 148
Pere Marquette River Oceana - 30 99
Muskegon River Newaygo 32 220
Total 1968 1,179
1969 '
Big Cedar River Menominee 15 62
Whitefish River Delta 15 162
Thompson Creek Schooleraft 17 27 -
Manistique River Schooleraft 18 50
Bear River Emme t 19 300
Porter Creek Charlevoix 21 50
Brewery Creek Ieelanau 25 100
Platte River Benzie 26 1,092
Menistee River Manistee 27 160
Little Manistee River Manistee 28 700
Pere Marquette River Oceana 30 100
Grand River Kent-Iona 33 100
Kalamazoo River Allegan 35 100
St. Joseph River Berrien 37 100
Total 1969 3,043
See footnotes at end of table.
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TABIE 7.-=Numbers {thousands) of coho salmon planted in the Great

Iakes and their tributaries, 1966~70,--Continued

See footnotes at end of table.

Lake, state or province, County (at stream Figure gy icands
years, and specific mouth or lake number o psopl
location area) and site
1970
Menominee River Menominee 14 50
Big Cedar River Menominee 15 50
Whitefish River Delta 16 100
Thompson Creek Schooleraft 17 73
Manistique River Schooleraft 18 50
Bear River Emmet 19 2177
Porter Creek Charlevoix 21 75
Brewery Creek Ieelanau 25 200
Platte River Benzie 26 778
Msnistee River Manistee 27 100
Little Manistee River Manistee 28 550
Big Sable River Mason 29 200
Grand River Tonia 32 190
Black River Van Buren 34 50
Kalamazoo River Allegen 35 108
3t. Joseph River Berrien 37 10
Total 1970 2,943
Michigan total, 1966-70 9,557
Indiana
1970 |
Trail Creek la Porte 1 38
Little Calumet Creek  Porter 2 10
Indiana total, 1970 48
Illinois
1969
Great Lakes Harbor Lake 3 10
Wisconsin
1968
Ahnapee River Kewaunee 11 25
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TABLE 7.--Numbers (thousands) of coho salmon planted in the Great
Lakes and their tributaries, 1966-70.--Continued

Lake, state or provinces, County (at stream Figure
years, and specific mouth or lake number T?o?§a§§s
location area) and site - '8
1969
Sheboygen River Sheboygan 7 47
Iittle Manitowoc
River Manitowoce 9 46
Kewaunee River Kewaunee 10 40
Ahmapee River Kewaunee 11 45
Iittle River Marinette 13 40
Total 1969 218
1970
Qak Creek Milwaukee 4 50
Sheboygan River Sheboygan 7 58
East Twin River Manitowoe 8 25
Little Manltowoc
River Manitowoe 9 50
Kewaunee River Kewaunee 10 50
Ahnapee River Kewaunee 11 55
Iittle River Marinette 13 50
Total 1970 338
Wisconsin total, 1968-70 581
Iake Michigan total, “
1966-70 10,196
ILake Superior Figure 7
Michigan
1966
Big Huron River Baraga 6 192
1967 _
Big Huron River Baraga 6 467

See footnotes at end of table.
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TABIE 7.--Numbers (thousands) of coho salmon planted in the Great
lakes and their tributaries, 1966-70.--Continued
Lake, state or provinces County (at stream Figure
years, end specific mouth or lake number E?ngggﬁs
location area) and site
1968 _
Sucker River Alger 1 40
Anna River Alger 2 175
Chocolay River Marquette 3 25
Falls River Baraga 7 60
Ontonagon River Ontonagon 9 50
Presque Isle River Gogebic 10 32
Total 1968 382
1969
Sucker River Alger 1 50
Anna River Alger 2 226
Falls River (Daults
Creek) Baraga 7 50
Sturgeon River Baraga 8 75
Ontonagon River Ontonagon 9 75
Presque Isle River Gogehic 10 50
Total 1969 526
1970
Sucker River Alger 1 50
Anna River Alger 2 150
Dead River Marquette 5 75
Falls River (Daults
Creek) Baraga 7 82 -
Sturgeon River Baraga 8 50
Presque Isle River Gogebic 10 50
Total 1970 457
Michigan total, 1966-70 2,024
Minnesota
1968
Two Island River Iske 17 4
Kimball River Cook 18 2
Brule River Cock 19 67
- Total 1968 73

See footnotes at end of table.
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TABLE 7.--Numbers (thousands) of coho salmon planted in the Great
Lakes and their tributaries, -1966-70.--Continued

Lake, state or province, County (at stream  Figure
years, and specifie mouth or lake number T?Og?aigs
location area) and site & 118
1969
French River S5t. Louls 15 110
Kimball River Cock 18 3
Brule River Cook 19 1 |
Brule River Cook 19 T |
Total 1969 191
1970
French River St. Louis 15 63
Beaver River Lake 16 23
Total 1970 g6
Minnesota total, 1968-70 350
Cntario
1969
Jackpine River Niplgon Distriet 23 10
Gravel River Nipigon District 24 10
Ontario total, 1969 20
lake Superior total, , -
1966-70 2,394
Great Lakes total, 1966-702 15,837

lRecords of Plantings were provided by fishery agencies of the
states and province; the only annual series of planting records were i
published by the State of Michigan (Michigan Department of Conserve-
tion, MSS 1967, 1968, and Michigan Department of Natural Resources,
MSS 1969, 19705.
A1l eoho salmon were smolt except for 74,000 fall fingerlings
(age 0) planted in Minnesota tributaries of Iake Superior in 1968.
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"TABLE 8.--Numbers of coho salmon (all ages and sources combined) caught by
various methods in the Great Lakes, 1966-70; percentages of lake totals
given in parentheses (numbers less than 100 not shown) .

Method of capture

Lake, state ; .
Year(s) . Total
or province . Commercial . 2
1 Other
Angling fishing Weir . er |
i
Leke Ontario .
Lake total 1968-70 400 600 400 200 1,600
(25) (38) (25) (12)
Lake Erie
New York 1968-70 500 100 - 200 800
Pennsylvania 1968-70 4,600 - 5,300 400 10,300
Ohio 1968-70 9,400 - - 500 9,900
Ontario - 1968-70 900 7,000 - - 7,900
lake total 1968~70 15,400 7,100 5,300 1,100 28,900
(53) (25) (18) (4)
lake Huron
Michigan 1967-70 118,700 - 6,000 - 124,700
Ontario 1967-70 - 57,200 - - 27,200
Lake total 1967-70 118,700 57,200 6,000 - 181,900
(é5) (31) {4)
Lake Michigan '
Michigan 1966-70 872,800 - 691,300 400 1,564,500 .
Indiana 1967-70 32,600 39,800 - - 72,400
Tllinois 1968-70 12,000 - - - 12,000
Wisconsin 196'7-70 37,500 1,600 11,400 300 50,800
Lake total 1966-70 954,900 41,400 702,700 700 1,699,700
(56) (2) (42) (<1)
Lake Superior
Michigan 1%67-70 102,500 - 2,600 500 105,600
Wisconsin 1968-70 8,300 100 - - 8,400
Minnesota 1968-70 1,300 800 900 . 700 3,700
Ontario 1968-70 - 200 - - 200
Lake total 1968-70 112,100 1,100 3,500 1,200 117,900
(95) (1) (3) (1) (100)
Great Lakes total 1966-70 1,201,500 107,400 717,900 3,200 2,030,000
(60) (5) (35) (<)
1cateh data provided‘by fishery agencies of the states and province.
“Primarily experimental gear.




John W, Parscons: History of Salmon in the Great Lakes, 1850-1970 61

TABLE 9.--Numbers of coho salmon planted in the Great Lakes {percentages of Great Lakes total in parentheses) in 1966-69,
percertage recovered by various methods, and numbers caught by angling.

7 Numbers planted Percentage recovered . augﬁm :;r:ng ling
Lake Years Years of
planted Total Anmuail recovery Angling Weirs CO]:.IlmBJ.I‘Ci al Total Anmizal Annual
average fishing average high
Ontaric 1968-69 240,000(3) 120,000  1968-70 <1 <1 <1 <1 100 300
Erie 1968~69 356,000(3) 178,000  1968-70 4 2 2 8 5,100 10,000
Huron 1967-69 1,069,000{10) 356,000 1967-70 11 1 5 7 29,000 74,000
Michigan 1966-69 7,567,000{65) 1,892,000 1966-70 12 9 <1 21 189,200 516,000
Superior 1966-69 1,961,000(19) 490,000 196770 & <1 <1 6 28 ,.200 64,000

Superior, 3 for Lake Erie, and less than 1 for
Lake Ontario,

For the most part, the Great Lakes coho
salmon fishery as been a Michigan fishery,
Michigan waters of Lakes Superior, Michigan,

_and Huron accounted for 87%, of the total catch,
91% of the angling catch, and 96%, of the weir
catch, Lake Michigan alone contributed about
75% of all coho salmon taken,

The following description of recoveries and
characteristics of the fisheries for each lake
incorporate, in part, the data in Tables 8 and 9.

Lake Ontario, Of the 240,000 coho salmon
amolt planted in 196869, only L600 (0.7%)
were recovered in 1968-70, Angling was
.almost a complete failure and only a few hun-
dred fish were taken in welrs and in commer-
clal and experimental gear, Probably survival
was best in the Credit River, Ontarlo, About
1,200 mature coho salmon were estimated to
have migrated into that river iln the fall of
1970 (90,000 were planted in the stream in
1969),

The homing instincts of spawning salmon in
Lake Ontario apparently were not strong, Fish
marked when planted were commonly re-
covered as spawning adults in tributaries other
than those in which they were planted,

The extremely low survival of coho salmon
in Lake Ontario undoubtedly was caused pri-
marily by severe sea lamprey predation (de-
scribed later).

Lake Erie, In 1968.69, 346,000 fin-clipped
and 10,000 unmarked coho salmon were planted

in Lake Erie, About 28,900 (8% of the number
planted) were caught in 1968-70--539 by an-
gling, 25% by commercial fishermen, and 229
in weirs and experimental gear {compiled from
data in Anonymous, MSS 1969, 1970; Baker,
MS 1971; Great Lakes Fishery Commission,
MS 1970d, MS 1971d), The unmarked fish re-
covered apparently included some unmarked
fish from Lake Huron, For example, 47% of
the Lake Erle commercial catch in 1969 (2,500
fish} and 209, of the Ohio sport catch in 1970
were unmarked as compared with less than 3%
unmarked fish planted. (None of the coho
salmon planted in Lake Huron in 1967-68 were
marked, but 18% of those planted in 1969 were
marked; some of the marked 1969 fish were
caught in Lake Erie in 1970,)

Since some of the coho salmon caught in
Lake Erie were from Lake Huron plantings,
the recorded recovery of fish planted in Lake
Erie was less than 8%; however, the difference

was probably more than compensated for by ~

the recapture of salmon in the Ohio commer-
cial fishery that were not included in recov-
eries (in 1969-70, about 13,000 coho salmon
were reported to have been caught and re-
leased).

Sport fishing for salmon in Lake Erie was
fair at best. About 90%, of the anglers' catch
was from streams, Virtually all of the Ohio
sport catch (80% of the lake total in 1970) was
in streams--the largest share in the Chagrin
River, Of the 2,200 salmon caught by anglers
in the Chagrin River in 1970, an estimated
879% were taken by snagging (Baker, MS 1971},

Of the small numbers (10% of the total) of
salmon taken by anglers in the open lake, most

!I’“
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were taken in Pennsylvania, where sport fish-
ing was banned in streams, A small sport
fishery also developed in Ohio near warmwater
outlets at Cleveland and Lorain in January

and February, 1969 and 1970,

Straying of coho galmon spawners in Lake
Erie was not unusual, For example, of the fish
caught by anglers in the Chagrin River, Ohio,
in 1970, 63% had been planted in Qhio waters,
17% in Pennsylvania, and 1% in New York; 199
were of unknown origin (possibly from Lake
Huron),

For the lake as a whole, about 807, of the
fish caught were age II and 209, were age I, In
the spawning runs in tributaries, about 989
were age-II fish,

Lake Huron, Of the one million coho salmon
smolt planted in Lake Huron in 1967-69,
about 182,000 (17%) were recovered in 1967-70,
Anglers accounted for 65% of the recoveries
and welrs 4%, all in Michigan waters; 31%
were caught by commercial fishermen in
Canadian waters (compiled from data in Great
Lakes Fishery Commission, MS 1969c, MS
1970c, MS 1971c). Despite the relatively high
recovery by anglers {nearly 129 of the fish
planted), sport fishing was only fair--most
fish were caught by snagging in the tributaries
in the fall; only a few were caught in the open
lake, primarily near the mouths of tributaries.

About 70% of the coho salmon (nearly all
age II) caught by Canadijan commercial fisher-
men were taken in the open waters of south-
eastern Lake Huron in April,

Welr catches of adult coho salmon in Mich-
igan tributaries in the fall of 1969-70 generally
were Jow (Bullin, MS 1971), Many fish ap-
parently circumvented the weirs and escaped
upstream; nonetheless, the numbers of fish
observed in the runs, ags compared with the
numbers planted, were relatively small.

Data on recoveries from individual plants
were reported only for the 1968 plants in the
Tawas and AuSable Rivers, In 1969, total
known recoveries from the 1968 plants totaled
6% for the Tawas River and 5% for the AuSable
River (Weaver, MS 1969),

Lake Michigan, Of the 7.6 million coho
salmon smolt planted in Lake Michigan in
1966-69, 219 were recovered in 1966-70, Of
those recovered 56% were taken by angling,
42% in weirs, and 2% by commercial fishing,

Of the 6.6 million coho salmon smolt planted
in Michigan tributaries in 1966-69, nearly 1.6
million (24%) were recovered in Michigan
waters alone in 1966-70 (Table 10). Anglers
accounted for 56% of the recoveries and weirs
for 449, The high percentage of coho salmon
caught in weirs in 1966-68 (71 to 809 of the
total recovery) indicates that most salmon
escaped the sport fishery and were caught in
weirs as they migrated upstream to spawn.
The situation changed in 1969-70, however,
owing to greatly increased sport fishing inten-
sity as well as improved sport fishing tech-
niques used by anglers, Percentages of the
total recoveries made by anglers were 80 in
1969 and 68 in 1970; the percentage recoveries
in weirs of fish planted in tributaries on which
weirs were installed declined from 229 in
1967-68 to 15% in 1969-70,

Weirs usually were operated from September
to mid-December in Michigan tributaries,?
Most recoveries in weirs were made in three
Btructures-=the Platte and Manistee River
weirs in 1966-67, and Platte and Little
Manistee River weirs in 1968-70, Recoveries
in weirs (Table 10) were low in 1966 becalse
numbers planted in that year were relatively
small and all the recoveries were jacks (in
1966-70, jacks contributed about 6% of the
weir catch). The relatively low catch (68,500
fish) in weirs in 1969 was caused by the re-
duction in numbers of salmon planted in the
Platte and Little Manistee Rivers in 1968,
Survival of fish planted in these two rivers
undoubtedly was much higher than the average
for all Michigan tributaries, Average annual

1

"The Michigan Department of Natural Resources
operated weirs in 1966-70 to assess survival and de-
scribe popuiation and biological characteristics of coho
(and chinook) salmon, to obtain eggs for propagation,
and to prevent littering of the stream with salmon car-
casses, Many of the fish caught were sold and some -
were given to licensed sport fishermen, The fizh sold
were used as humean or animal food, snd the ree was
used for caviar and packaged fish bait,
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TARIE 10.--Numbers of coho salmon recovered, and percentage recovery for Michigan
waters of lake Michigan, 1966-70; percentage contributed by angling and welrs
to the total each year in parentheses. :

Method of recovery

Year Number Percentage recovery
planted Angling e :{rs Total yggr ?;'e;iglui
1966 660,000 1,500(29) 3,760(71) 5,260 -
1967 ‘1,732,000 40,300(20) 165,724(80) 206,000 31
1968 1,179,000  94,000(29) 226,200(71) 320,000 19
1969 3,043,000 269,000(80)  68,500(20) 337,500 29
1970 - 4175,000(68) 227,100(32) 702,100 23
1966-70 6,614,000 879,800(56) 691,284(44) 1,571,000 24

recovery of fish planted in streams with weirs
was 199 as compared to 24% total recovery of
all Michigan plants,

Weir catches indicated strong homing in-
stincts for coho salmon planted in tributaries
of Lake Michigan, For example, percentages
of marked fish planted and recovered, respec-
tively, were 18,9 (1966) and- 16,7 (1967) in the
Platte River; 40 (1968) and 43 (1969) in Brew-
ery Creek; and 25 (1968) and 23,4 {1969) in the
Whitefish River, As near as ¢an be determined,
5 to 109, of the spawning adults strayed from
their parent stream, These fish were found in
a number of planted and unplanted tributaries
in Michigan and a few tributaries in Wisconsin,

The sport fishery catch in Michigan in-
creased sharply from year to year because of
the increase in the number of smolt planted
(from 660,000 in 1966 to 3,043,000 in 1969;
Table 10) as well as the previously mentioned
increased fishing intensities and improved
fishing skills, Coho salmon fishing has been
spectacular, Open lake fishing was good in the
gpring in lower Lake Michigan and in August
into October along the eastern shoreline, as
far out as 7 miles (11 km), from Saugatuck to
Grand Traverse Bay, In September and Octo-
ber, fishing also was good in estuarine lakes
(principally near the mouths in the Platte and

Little Manistee and Manistee Rivers); and in
most tributaries where coho galmon were
planted, Most salmon caught in Michigan trib-
utaries, as in most tributaries of the Great
Lakes, were snagged,

Most of the coho salmon caught by anglers
in Michigan waters of Lake Michigan were
taken in the fall, For example, of the 269,000
fish taken by angling in 1969, 10% were caught
in the spring (to June 30) mainly off plers or -
in the open lake; 34% in summer (10 September
30) primarily in the open lake; and 56% In the .
fall and early winter (to December 31) mostly
in estuaries and tributaries (Jamsen, Ryck- .
man, and Jamsen, MS 1970).

The Alaskan strain of coho salmon exhibited
characteristics different from those of the
Columbia River stocks, Of 46,400 marked
smolt released in Thompson's Creek in May
1967, most migrated into Lake Michigan within
5 days, Within a few months (August through
October), a large run of jacks returned to
Thompson's Creek and about 5,000 were caught
by anglers in the lake near the mouth of the
creek and in the creek, in the fall of 1968,
6,000 age-II fish were caught by anglers and
2,000 were caught in the Thompson Creek
weir (Great Lakes Fishery Commission, MS™
1969b), In all, 289, of the fish of the Alaskan

|
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strain planted in 1967 were recovered at the
mouth of, or in, Thompson Creek in 1967-68,
Several characteristics of the catch thus dif-
fered considerably from those of the Columbia
River stocks in Lake Michigan: the high re-
covery of fish from one plant in a highly local-
ized area, the high recovery rate for jacks
(389 of all fish recovered), and the small size
of the fish (average weight at age I, 0,5 pound
or 0.2 kg, and at age I, 6.9 pounds or 3.1 kg).

Although no coho salmon were planted in
Indiana waters of Lake Michigan before 1970,
72,400 fish were caught there in 196770
(Table 8), Nearly all of these fish, taken pri-
marily by anglers and commercial fishermen
in the open lake in March and April, probably
were from Michigan plants. Commercial fish-
ing for salmon was banned in Indiana in 1969
and 1970,

About 12,000 coho salmon were caught by
anglers in Illinois waters in 1968-70, primar-
ily in the spring. Although a few of the salmon
were known to be survivors of the 1969 plant
in Chicago Harbor, most were from Michigan
plants, Because of a lack of suitable tributary
streams in Illinois, salmon smolt were held in
floating cages in harbor areas before release
in an attempt to develop strong shoreline hom-~
ing instincts, ‘

Of the 243,000 marked coho salmon planted
in Wisconsin tributaries in 1968-69, about
43,000 (179%) were recovered in 1968-70, An
additional 8,000 fish that were caught were
presumably from Michigan plants, Of the
total, about 95% were age-II fish and 5% were
jacks, Welr catches indicated that about 16,
of the spawning fish had strayed from their
parent streams, ‘

The sport catch in Wisconsin increased
from 1,000 fish in 1967 to 20,000 in 1970, By
1970 most of the sport catch was in the She-
boygan River (the most southerly Wisconsin
tributary planted with coho salmon) and areas
to the north, Most of the fish caught in 1969
were taken in October (749 of the catch off
piers and breakwaters, 629, of the open-lake
catch, and 79% of the stream catch), Coho
salmon planted in Michigan supported two

small open-water fisheries in Wisconsin
waters, Nearly all salmon caught in the spring
south of Sheboygan River apparently were
from Michigan plants, as were nearly all those
caught in all seasons 2 or more miles from
shore north of the Sheboygan River (R,J. Poif,
personal communication),

Lake Superior, Of the 1,961,000 coho salmon
planted in Lake Superior in 1966-69, 117,900
(6%) were recovered in 1967-70, Of those re-
covered, 959 were taken by angling. Although
some weirs were operated in the fall in Mich-
igan and Minnesota, catches in most streams
usually were too small to justify extensive
operation of weirs to monitor spawning runs,

Most of the coho salmon were planted in
Michigan waters in 1966-69 (1,567,000 smolt;
80Y% of the lake total) and were recovered
there in 1966-70 (105,600 recoveries; 81% of
the lake total),

The wide distribution of planted fish in Lake
Superior and the extent of straying was indi-
cated by recaptures of fish planted in the Big
Huron River, Michigan, In 1966, 192,000 smolt
were stocked (the only plant in Lake Superior
that year), Although only about 1,700 returned
to the riveras adults in the fall of 1967, others
strayed to 33 Michigan tributaries (Peck,
1970), In May 1967, 467,000 smolt were planted
in the same river, Less than 1% returned to
spawn in 1968, Of the 10,500 fish from this
planting caught by angling in 1968, about 649,
were estimated to have been caught in Wiscon-
sin and Minnesota waters primarily in the
spring, and only 369, in Michigan waters (Great
Lakes Fishery Commission, 1969a), In the
fall of 1968 only 2,500 adults were observed
in the Big Huron River spawning run,

Of the 526,000 smolt planted in six Michigan
tributaries in 1967, 43,000 (11%;) were recov-
ered by angling in Michigan in 1968--53% in
the spring and 479 in the fall (almost no fish
were caught in the summer),

The sport catch of ¢coho salmon in Michigan
was 2,500 in 1968, 60,000 in 1969, and 40,000
in 1970, The decline in 1970 occurred despite
an increase in the numbers planted (382,000
in 1968; 507,000 in 1969). Since most of the
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coho salmon were caught by anglers fishing
Primarily for lake trout, recoveries of coho
salmon were partly determined by fishing
intensity for lake trout (Great Lakes Fishery
Commission, MS 1971a),

Although no coho salmon were planted in
Wisconsin waters in 1966-70, a fair open-
water coho salmon sport fishery developed
there in 1968-70 (2,500 to 3,000 fish ber year
of which about 88% were caught in May and
June), All or most were recoveries from
Michigan plantings, About 67% of the fish
recorded were caught near Ashland where
fishing intensity for salmon and trout in
Wisconsin waters was greatest,

Only 3,700 coho salmon were recovered in
Minnesota in 1966-70, Despite plants of 73,000
smolt in three tributaries in 1968, 191,000 in
four tributaries in 1969, and 86,000 in two
tributaries in 1970, only 1,300 coho salmon
were taken by anglers, Of the fish released in
1969, 110,000 were planted in the French
River but few were recovered, Only 507 were
caught by weir in the river in the fall of 1970,
395 in experimental gear in the lake near the
river mouth, and 1,056 by anglers, Stray coho
salmon were observed in 15 streams that were
not planted, but the highest count for any one
stream was only 30 fish, :

The Province of Ontario planted 20,000 coho
salmon smolt in two tributaries east of Nipigon
Bay in 1969, Although sport and commercial
catches were examined and experimental gear
was used to evaluate survival in 1966-70, only
a few hundred fish were recovered,

Average weights and growth

The average weight of coho salmon in the
fall of their third year of life varied widely -
among the lakes (Table 11), Although average
weights of age-I fish ranged only from 1 to 2
pounds (0,5 to 0.9 kg), their value for describ-
ing differences in weight {(as a reflection of
growth rate) is limited because usually only
the largest fish were taken as jacks in the fall,
This bias was not apparent for age-Ii fish--~
both sexes were well represented and most
fish had completed their life's growth,

TABLE 11,~-Average weight and incidence of sea lamgrey scars
and wounds for coho salmon in the Great lakes in the fall,
1966-70; number of fish in paventhesesl

lake and Growing . 2 Percentage of fish
years of seasons dverage weight bearing lamprey
observation completed Pounds K{lograms wounds and scars

Ontaric
1968-70 z 1.5(312) 0.7 30(175)
3 4.9(216) 2.2 96(216)
Erie
1969-70 2 1.2 — 0.6 - -
3 4,3 v 2,0 A
HKuron
1968-70 2 2.0(93) 0.9 10(1,223)
3 8.8 == 4.0 62 —
Michigan
1966-70 2 216 -~ - 0.7 {14}
3 2g.¢ - 4.0 3(2,229)
Superior
1967-70 2 1.0 - 0.5 - -
3 3.0 — 1.4 1{e58)

bata from Great lakes Fighery Commission (M35 1969 a, b, c,
d, e; M55 1970 a, b, o, d, e; M35 1971 a, b, ¢, d, e) and
Horgeson (MS 1970). Number of fish are not reported for some
values becesuse averages included some unquantified samples H
mogt nuebers exceeded 200,

%For the Alaskan strain, average weights were 0.5 pound (227
grams) for fish that had completed 2 growing seasons end 6,9
Pounds (3.1 kilograms) for fish that had completed 3 growing
Seasons.,

Age-II fish were largest in Lakes Michigan
and Huron (8.8 pounds or 4.0 kg), smaller in
Lakes Ontario and Erle, and smallest in Lake
Superior (3.0 pounds or 1.4 kg), The largest
coho salmon caught in Lake Michigan was 33,2
pounds (15 kg) and in Lake Huron 20 pounds *
(9.1 kg); few larger than 10 pounds (4.5 kg)
were reported for Lake Superior, Erie, and
Ontario,

Growth rates of coho salmon (as indicated
by average weights in pounds) appear to have
declined in Lakes Huron and Michigan (Table
12; comparable data are not available for the
other Great Lakes), In Lake Huron, fish
planted in 1969 were smaller at the same age
than fish planted in 1968, For example, fish

‘that had completed 3 growing seasons (age II)

weighed 9.1 pounds (4,1 kg) in 1969 and 8.5
pounds (3.9 kg) in 1970, In Lake Michigan, the
average weights of coho salmon in 1967-70
decreased as the number of fish planted in-
creased, For example, after-three growing
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strain planted in 1967 were recovered at the
mouth of, or in, Thompson Creek in 1967-68,
Several characteristics of the catch thus dif-
fered considerably from those of the Columbia
River stocks in Lake Michigan: the high re-
covery of fish from one plant in a highly local-
ized area, the high recovery rate for jacks
(38% of all fish recovered), and the small gize
of the fish (average weight at age I, 0,5 pound
or 0,2 kg, and at age II, 6,9 pounds or 3,1 kg).

Although no coho salmon were planted in
Indiana waters of Lake Michigan before 1970,
72,400 fish were caught there in 1967-70
(Table 8), Nearly all of these fish, taken pri-
marily by anglers and commercial fishermen
in the open lake in March and April, probably
were from Michigan plants, Commercial fish-
ing for salmon was banned in Indiana in 1969
and 1970,

About 12,000 coho salmon were caught by
anglers in Illinois waters in 1968-70, primar-
ily in the spring, Although a few of the salmon
were known to be survivors of the 1969 plant
in Chicago Harbor, most were from Michigan
plants, Because of a lack of suitable tributary
streams in Mlinois, salmon smolt were held in
floating cages in harbor areas before release
in an attempt to develop strong shoreline hom-
ing instincts,

Of the 243,000 marked coho salmon planted
in Wisconsin tributaries in 1968-69, about
43,000 (17%,) were recovered in 1968-70, An |
addirional 8,000 fish that were caught were
presumably from Michigan plants, Of the
total, about 95% were age-II fish and 3%, were
jacks. Weir catches indicated that about 16%
of the spawning fish had strayed from their
parent streams,

The sport catch in Wisconsin increased
from 1,000 fish in 1967 to 20,000 in 1970, By
1970 most of the sport catch was in the She-
boygan River (the most southerly Wisconsin
tributary planted with coho salmon) and areas
to the north, Most of the fish caught in 1969
were taken in October (749, of the catch off
piers and breakwaters, 62% of the open-lake
catch, and 79% of the stream catch)., Coho
salmon planted in Michigan supported two

small open-water fisheries in Wisconsin
waters, Nearly all salmon caught in the spring
south of Sheboygan River apparently were
from Michigan plants, as were nearly all those
caught in all seasons 2 or more miles from
shore north of the Sheboygan River (R.J. Poff,
personal communication),

Lake Superior, Of the 1,961,000 coho salmon
planted in Lake Superior in 1966-69, 117,900
(6%) were recovered in 1967-70. Of those re-
covered, 95% were taken by angling. Although
some weirs were operated in the fall in Mich-
igan and Minnesota, catches in most streams
usually were too small to justify extensive
operation of weirs to monitor spawning runs,

Most of the coho salmon were planted in
Michigan waters in 1966-69 (1,567,000 smolt;
809, of the lake total) and were recovered
there in 1966-70 (105,600 recoveries; 81% of
the lake total),

The wide distribution of planted fish in Lake
Superior and the extent of straying was indi-
cated by recaptures of fish planted in the Big
Huron River, Michigan, In 1966, 192,000 smolt
were stocked (the only plant in Lake Superior
that year). Although only about 1,700 returned
to the river as adults in the fall of 1967, others
strayed to 33 Michigan tributaries (Peck,
1970), In May 1967, 467,000 smolt were planted
in the same river, Less than 1% returnedto
spawn in 1968, Of the 10,500 fish from this |,
planting caught by angling in 1968, about 64%
were estimated to have been caught in Wiscon-
sin and Minnesota waters primarily in the
spring, and only 36% in Michigan waters (Great
Lakes Fishery Commission, 1969a). In the
fall of 1968 only 2,500 adults were observed
in the Big Huron River spawning run,

Of the 526,000 smolt planted in six Michigan
tributaries in 1967, 43,000 (119;) were recov-
ered by angling in Michigan in 1968--53% in
the spring and 479 in the fall (almost no fish
were caught in the summer),

The sport catch of ¢oho salmon in Michigan
was 2,500 in 1968, 60,000 in 1969, and 40,000
in 1970, The decline in 1970 occurred despite
an increase in the numbers planted (382,000
in 1968; 507,000 in 1969), Since most of the
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coho salmon were caught by anglers fishing
primarily for lake trout, recoveries of coho
salmon were partly determined by fishing
intensity for lake trout (Great Lakes Fishery
Commission, MS 1971a), '

Although no coho salmon were planted in
Wigconsin waters in 1966-70, a fair open-
water coho salmon sport fishery developed
there in 1968-70 (2,500 to 3,000 fish per year
of which about 88%, were caught in May and
June), All or most were recoveries from
Michigan plantings, About 67% of the fish
recorded were caught near Ashland where
fishing Intensity for salmon and trout in
Wisconsin waters was greatest,

Only 3,700 coho salmon were recovered in
Minnesota in 1966-70, Despite plants of 73,000
smolt in three tributaries in 1968, 191,000 in
four tributarles in 1969, and 86,000 in two
tributaries in 1970, only 1,300 coho salmon
were taken by anglers, Of the fish released in
1969, 110,000 were planted in the French
River but few were recovered. Only 507 were
caught by weir in the river in the fall of 1970,
3935 in experimental gear in the lake near the
river mouth, and 1,056 by anglers, Stray coho
salmon were observed in 15 streams thatwere
not planted, but the highest count for any one
stream was only 30 fish,

The Province of Ontario planted 20,000 coho
salmon smolt in two tributaries east of Nipigon
Bay in 1969, Although sport and commercial
catches were examined and experimental gear
was used to evaluate survival in 1966-70, only
a few hundred fish were recovered.

Average welghts and growth

The average weight of coho salmon in the
fall of their third year of life varied widely -
among the lakes (Table 11). Although average
weights of age-I fish ranged only from 1 to 2
pounds (0,5 to 0.9 kg), their value for describ~
ing differences in weight (as a reflection of
growth rate} 18 limited because usually only
the largest fish were taken as jacks in the fall,
This bias was not apparent for age-II fish~-
both sexes were well represented and most
fish had completed their life's growth,

TABLE 11.—-Average weight and incidence of sea lamprey scars
and wounds for coho salmen in the Great Iskes in the fall,
15966=70; number of fisk in parentheses® -

s someens  Aversge weigw? FELiemtase of fen
chservation completed Pounds Kilogrems wounds and scars
Ontario .
1968-7C 2 1.5(312) Q.7 30(175)
3 4,9(216) 2.2 96(216)
Erie
1969-7C 2 1.3 — 0.6 - -
3 4,3 == 2.0 4 -
Hurcon
1968-70 2 2.0(93) 0.9 10(1,223)
3 8.8 — 4.0 62 —
Michigan
1566-70 2 21.6 — 0.7 1(114)
3 28,8 — 4.0 3(2,229)
Supericr
1967-70 2 1.0 == 0.5 - -
3 3.0 — L4 1(858)

'Data frow Great Lakes Fishery Commission (MSS 1969 a, b, e,
d, e; M5S 1970 &, b, e, d, e; MSS 1971 a, b, ¢, d, e) and
Borgescn (MS 1970). Mumber of fish are not reported for some
values because averages included some unquantified samples;
most numbers exceeded 200, .

®For the Alaskan strain, average weights were 0.5 pound (227
grams) for fish that had completed 2 growing seasons and 6.9
pounds (3.1 kilograms) for fish that had completed 3 growing
S5easons.

Age-~II fish were largest in Lakes Michigan
and Huron (8.8 pounds or 4.0 kg), smalier in
Lakes Ontario and Erie, and smallest in Lake
Superior (3.0 pounds or 1.4 kg), The largest
coho salmon caught in Lake Michigan was 33,2
pounds (15 kg) and in Lake Huron 20 pounds
(9.1 kg); few larger than 10 pounds (4.5 kg)
were reported for Lake Superior, Erie, and
Ontario,

Growth rates of ccho salmon (as indicated
by average weights in pounds} appear to have
declined in Lakes Huron and Michigan (Table
12; comparable data are not available for the
other Great Lakes), In Lake Huron, fish
planted in 1969 were smaller at the same age
than fish planted in 1968, For example, fish

‘that had completed 3 growing seasons (age II)

weighed 9.1 pounds (4,1 kg) in 1969 and 8,5
pounds (3.9 kg) in 1970, In Lake Michigan, the
average weights of coho salmeon in 1967-70
decreased as the number of fish planted in-
creased, For example, after-three growing
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TABILE 13.--Numbers {in thousands) of chinook salmon planted in the Great
‘Lakes and their tributaries, 1967-70.

Lake, state, years, County (at stream Figure Thousands
and specific mouth or lake number £ fight
Jocation area) and site ° 8
Iake Ontario -  Figure 3
New York
1969
Little Salmon River Oswego 23 70
1970
Salmon River Oswego 22 141
Lake Ontario total, 19269-70 211
Lake Erie Figure 4
Ohio
1970
Chagrin River Geauga 13 65
Huron River Erie 15 65
Kelley Island Erie 19 20
ILake Erie total, 1970 : 150
Lake Huron Figure 5 .
Michigan *
1968
Thunder Bay River Alpena 9 2r14,
Ocqueoc River Presque Isle 10 200
1969
Mill Creek Alcona 8 5
Thunder Bay River Alpena 9 245
Ocqueoe River Presgue Isle 10 200
1970
Au Sable River Iosco 7 503
Thunder Bay River Alpena 9 2100
Iake Huron total, 1968-70 1,127

See footnotes at end of table.

?
]
:




John W, Parsons: History of Salmon in the Great Lakes, 1850-1970

TABLE 13.--Numbers (in thousands) of chinook salmon planted in the Great
Lakes and their tributaries, 1967-70.--Continued

Lake, state, years, County (at stream Figure
and specific mouth or lake number E?O??:Egs
location area) and site
Lake Michigan ' Figure 6
Michigan
1967
Little Manistee River Manistee 28 591
Muskegon River Newaygo 32 211
1968
Little Manistee River Manistee 28 322
Muskegon River Newaygo 32 365
1969 _ _
Little Manistee River Manistee 28 300
Muskegon River Newaygo 32 352
1970
Menominee River Menominee 14 100
Bear River Emmet 19 200
Little Manistee River Msnistee 28 309
Big Sable River Mason 29 100
Muskegon River Newaygo 32 500
Grand River Ottawa-Kent 33 466
Michigan total, 1967-70 3,816
Indiana
1970
Trail Creek La Porte 1 50
Little Calumet Creek Porter 2 50
Illinois
1970
Diversey Harbor Cock 3 10
Wisconsin
1969

Strawberry Creek Door 12 66

Sée footnotes at end of table.

69




70 Technical Paper 68; ‘Bureau of Sport Fisheries and Wildlife

TABLE 13.--Numbers (in thousands) of chinook salmon planted in the Great
lames and their tributaries, 1967-70.--Continued

Lake, state, years, - County (at stream Figure
and specific mouth or lake number g?°g§:§§s
location area) and site
1970 :

Strawberry Creek Door 12 118
Wisconsin total, 1969-70 184
Lake Michigan total, 1967-70 4,110

Lake Superior Figure 7
Michigan
1967
Big Huron River Baraga 6 34
1968
Chocolay River _ Marquette 3 50
1969
Anna River Alger _ 2 50
1970
Dead River Marquetie 5 75
Sturgeon River Baraga 8 100
Total 1970 175 |
Lake Superior total, 1967-70 318
Great Lakes total, 1967-70 5,916

LRecords of plantings were provided by state fishery agencies.
2A11 of the chinook salmon planted in 1968~69, and 40,000 of those
planted in 1970 were of the Donaldson strain.
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TABLE 14.--Number of chinook salmon (ages and sources combined) caught
by various means in Great Lakes, 1968-70; percentages of Great Lakes
totals given in parentheses (quantities less than 100 not shown)*.

i lake, state

Method of capture

3 Year(s) Total
i or province Commercial .
; Angling £ishing Weir
! Lake Ontario
New York 1970 100 - - 100
Ontario 1970 - 100 - 100
Total 1970 - - - 200
Lake Hurcn
Ontario 1969 - 1,000 - 1,000
1970 - 3,000 - 3,000
Michigan 1969 1,000 - - 1,000
1970 18,000 - - 18,000
Total 1969-70 19,000 4,000 - 23,000
Lake Michigan
Michigan 1968 7,500 - 11,600 19,100
1969 109,000 - 26,300 135,300
1970 150,000 - 40,000 190,000
Wisconsin 1969 200 - - 200
1970 600 - 800 1,400
Total 1968-70 267,300 - 78,700 346,000
Leke Superior
Michigan 1969 7,000 - - 7,000
1970 5,000 - - 5,000
Total 1969-70 12,000 - - 12,000
Great Lakes total  1968-70 298,400 4,100 78,700 2381,200
(79) (1) (20)

Data from Great Lakes Fishery Commission (MSS 1970 a,b,c,d e, MSS
1971 a,b,c,d,e) and Jamsen, et al. (MS 1970).

20nly a few scattered recoveries of chinook salmon were reported for
lake Erie, for Illinois and Indiana waters of ILake Michigan, and for
Wisconsin, Minmnesota, and Ontario waters of Lake Superior.

71
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TABLE 15.--Average weight and incidence of sea lamprey scars and wounds for
chinook salmon in the Great Lakes in the fall, 1968-70; number of fish in

parentheses?.

Lake, Yoar of Growing Average weight® Percentage
and year seasons bearing lamprey
planteq  Observation completed  Pounds Kilogrems scars or wounds

Ontario
1969 1970 2 3.5(31) 1.6 71(31)
1970 1970 1 1.0(26) 0.5 0(26)
Huron
1968 1968 1 0.9(6) 0.4 --
1969 2 6.6(401) 3.0 63(401)
1970 3 16.4(118) 7.4 52(118)
1969 1970 2 7.9(61) 3.6 21(61)
Michigan
1967 1968 2 6.1 - 2.8 -
1969 3 16,4 = 7.4 -
1970 4 23,0 = 10,4 -- .
1969 1970 2 6.6(750) 3.0 0(750)
Supefior
1967 1969 2 3.1 - 1.4 0 -
1970 3 8.2 - 3.7 16 =

'Data from Great Lakes Fishery Commission (MSS 1969 a, b, ¢, e; MSS 1970
a, b, ¢, e; MSS 1971 a, b, c, 3 and Borgeson (MS 1970),

Number of fish for some values are not reported because averages included
some unquantified samples; most numbers exceeded 200,
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Lake Ontario, The survival and recovery of
chinook salmon planted in Lake Ontario were
very low; reports on the species were frag-
mentary at best, In New York, about 70,000
smolt were planted in the Little Salmon River
in 1969 and 141,000 in the Salmon River in
1970, A few of the 1969 fish were caught--71
by anglers in the Little Salmon River in the
fall of 1970 and 13 in experimental nets,
Ontario commercial fishermen in 1970 caught
10 fish from the 1969 plant and 70 from the
1970 plant,

Lake Erie, Of the 150,000 smolt planted in
Lake Exie in 1970, only one recovery was re-
ported.

Lake Huron, About 1 million chinook salmon
smolt were planted in four Michigan tributar-
ies in 1968-70, In 1969-70, about 23,000 (8% of
the 274,000 planted in 1967-68) were caught--
19,000 by angling in Michigan waters and
4,000 by commercial fishermen in Ontario
waters,

Lake Michigan, About 4 million smoit were
planted in Lake Michigan in 1967-70, of which
95% were planted by the State of Michigan,

All fish planted in Michigan in 1967-69 and
77% in 1967-70 were planted in the Little
Manistee and Muskegon Rivers, Of the 591,000
smolt planted in the Little Manistee River in

.the spring of 1967, 8% were caught in the weir

in this stream in the fall in 1968-70--2% in .
1968, 3% in 1969, and 3% in 1970 (Great Lakes
Fishery Commission, MS 1971b). The total lake-
wide recovery from the 1967 plants in 1968-70
was estimated to be 209, (118,000 fish)-=12% by
angling in addition to the 8% from weirs,

Sport fishing for chinook salmon in Michigan
waters was most productive in the fall, Of the
109,000 fish taken by anglers in 1969, less
than 1% were caught in the spring (to June 30),
327 in the summer (July-September), and 67%
in the fall and early winter (October-Decem-
ber),

In 1969-70 about 1,600 chinook salmon were
caught by anglers or in weirs in Wisconsin
waters, These fish (of the Donaldson strain)
had been planted in Strawberry Creek in 1969,
In the fall of 1970, a weir and by-pass pond,

constructed for catching returning adults in
Strawberry Creek, caught about 800 fish,
Chinook salmon were rarely taken in Indiana
and Illinois waters of Lake Michigan,

Lake Superior, Chinook salmon were planted
only in Michigan waters of Lake Superior,
In 1967-70, 318,000 were planted in five tri-
butaries, Of the 34,000 smolt planted in the
Big Huron River in the spring of 1967, only 8
were recovered by various means in the river
in the fall of 1969 and only a few spawning
females (age III) were recovered there in the
fall of 1970 (Great Lakes Fishery Commis-
gion, MS 1671a), Survival of the 1967 plant
(the first for Lake Superior and the only one
in 1967) was extremely poor,

Anglers caught 7,000 chinook salmon in
Michigan waters in 1969 and 5,000 in 1970
{Great Lakes Fishery Commission, MS 1971a),
If the entire catch was from the 1967-69 plants,
angling recovery was bout 8%,

Chinook salmon rarely were taken in Wis-
consin, Minhesota, and Ontario waters of Lake
Superior.

Despite the relatively high rate of return of
chinook salmon o the anglers in the upper
three lakes, sport fishing for this species was
considered to be only fair in Lakes Huron and
Superior, and less than spectacular in Lake
Michigan, Major problems have been the fail-
ure of the fish to take anglers' lures readily
{a large majority were taken by snagging), and -
their highly limited availability (most were
taken in estuaries and tributaries in October
and November).

Average weights and growth

Chinook salmon grew fastest in Lake Huron
(average weight 7,2 pounds or 3,3 kg in the
fall--age I) and slowest in Lake Superior (3,1
pounds or 4,1 kg; Table 15), Fish planted in
1967 in Lake Michigan weighed 6,1 pounds
(2,8 kg) in the fall of 1968 (age I), 16,4 pounds
(7.4 kg) in 1969 (age 1), and 23.0 pounds (10.4
kg) in 1970 (age III). Trophy fish weighing up
to 40 pounds (18.2 kg) have been taken from
Lake Michigan,
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.Incidence of sea lamprey predation

The incidence of sea lamprey predation for
age~I fish in the fall was highest (71%) for
Lake Ontario and lowest (nil) for Lake Mich-
igan (Table 15), Lamprey predation declined
in 1969-70 in Lake Huron (639 for age-I fish
in the fall of 1969 and 21Y, for fish of the same
age in 1970}, It increased with the size of fish
in Lake Superior (0% for age-I fish averaging
3.1 pounds or 1,4 kg but 16% for age-~II fish
averaging 8,2 pounds or 3.5 kg), In September
1969, lamprey predation in Lake Huron was so
serious that one-third to one-half of nearly
1,000 chinook salmon observed near the mouth
of the Ocqueoc River carried attached lam-
preys (King and Applegate, 1969), Of the 401
fish sampled, 637 bore lamprey wounds or
scars,

Natural reproduction

The first major spawning run of female
chinook salmon in all the Great Lakes occur-
red in the Little Manistee and Muskegon Rivers
in 1970, Redds were common on the shoals in
some areas and large numbers of eggs were
deposited (in the spring of 1971, a few stream-
hatched smolt were caught in these tribute
aries).” Gross observations on the straying of
spawners into other tributaries of Lake Mich-
igan suggest that the homing instincts of

*stokell (1955), who described the results of planting
chinook salmon in several freshwater landlocked lakes
in New Zealsnd, reported that the fish grew up to 6 to
8 pounds (2,7 to 3,6 kg) and spawned successfully, Thelr
progeny, however, grew to only 2 pounds (0,9 kg) and all
were infertiie, He concluded that even under the most
favorable circumstances, chinook salinon were capable
of developing only two generations in fresh water; how-
ever, in 1972 C, ], Hardy {perscnal communication)
reported a self-supporting freshwater population of
chinook salmon in Lake Coleridge, New Zealand, The
population has supported a good sport fishery since
1922 but the fish grow slowly--at maturity most weigh
2 to 3 pounds (0.9 to 1.4 kg), and only a few reach 6
pounds (2,7 kg), Fish planted in landiocked lakes were
hatched from eggs obtained from self-sustaining sea-
run stocks that had been establizhed in several rivers
of New Zealand in the early 1900"s, The eggs origi-
nally were obtained from chinook salmon from the
Sacramento River, California (Hardy, 1972),

chinook salmon were strong--a great major-
ity returned to the tributary in which they
were planted,

STATUS OF THE COHC AND
CHINOOK SALMON FISHERIES

Because salmon are planted primarily to
support a put-and-take fishery, most of the
states have maintained or plan to maintain
artifical propagation from eggs collected from
spawning stocks within their own waters, In-
troductions of some Columbia River salmon,
or other strains, will be continued not only
because of the ready availability of eggs, but
to minimize the possibility of degradation of
Great Lakes stocks (self-sustaining landlocked
populations are extremely rare, although one
for coho salmon has been reported in Russia
and one for chinook salmon in New Zealand--
see footnotes § and 9),

Since the numbers of coho and chinook
salmon smolt produced by natural reproduc-
tion have been (and are expected to continue’
to be) small compared with the numbers
planted, the density of the populations in the
lakes, principally as related to the availability
of forage fish, generally can be controlled,

So far, optimum density, or optimum numbers
that should be planted in any of the lakes has
not been determined, On the other hand, fac-
tors that have limited the development of
salmon fisheries in the different lakes are ~
now reasonably clear, .

The success of the plarnting of coho and
chinook salmon in Lake Michigan may be at-
tributed to a number of factors: the large
number of suitable tributaries, a suitable lake
habitat (primarily as it is related to water
temperatures and dissolved oxygen concentra-
tions), a strong forage base (primarily ale-
wives, Alosa pseudoharengus), high availabil-
ity to the angler in most months (principally
as related to the habits, distribution, and mi-
gration of salmon in the lake, estuaries, and
tributaries), strong homing instincts, wide-
spread and relatively intensive sport fishing,
and sufficient control of sea lampreys,

Despite these favorable conditions, the
capacity of Lake Michigan to support salmon
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is also limited, In fact, the large number of

coho and chinook salmon and lake trout (Salve-

linus namayecush), brown trout (Salmo trutta),
and steelhead trout planted in Lake Michigan
already may be taxing the forage base, A
predatory-prey balance that will limit the
number of salmon that Lake Michigan can
support may soon be reached as the number of
salmonids planted is increased, The 20% de-
cline in average weight of prespawning coho
salmon from 1967 to 1970 may be the first
symptom of the effects of increased plantings,

Despite rather severe sea lamprey preda-
tion on salmon in Lake Huron and the apparent
weak forage base (as compared to that in Lake
Michigan), relative survival, as well as
growth, of coho and chinook salmon was
closely similar to that in Lake Michigan; how-
ever, if plantings in Lake Huron had equaled
those in Lake Michigan, survival and growth
probably would have been considerably less,
Since effective control of lampreys in Lake
Huron is expected within the next few years,
conditions for salmon there are likely to im-
prove, Even so, plantings of coho and chincok
salmon are not eXpected to be greatly in-
creased in the near future because of the poor
quality of sport fishing for salmon, and the
probability that heavier plantings of salmon
may suppress the splake (Salvelinus namay-
cush x S, fontinalis), which will be the fish
planted in greatest numbers,

The poor quality of the salmon sport fishery
in Lake Huron tributaries was described by
Mears (MS 1972), He wrote that virtually all
of the 10,000 coho and chinook salmon caught
in Thunder Bay River each year in 1969 and
1970 were snagged below a dam near the river
mouth in a period of about a month in the fall,
‘During the 1970 fall fishery, most anglers
lost their earlier enthusiasm for snagging
large fish and returned to angling for trout,
(This same problem applies to other areas in
the Great Lakes region and, as a consequence,
reduces the value and need of increased plant-
ings of either species in some tributaries,)

An example of the fallure of chinook salmon
to take anglers' lures in the open lake was
demonstrated at the Ocqueoc River, where a
weir at the river mouth in the fall of 1969 and

1970 barred the entry of mature chinook
salmon that had been planted there as smolt,
Despite the heavy concentrations of chinook
salmon off the river mouth in September and
October, few were taken by anglers,

The planting of coho and chinook salmon in
Lake Superior has been only marginally suc-
cessful, The reldtively low survival and slow
growth {coho salmon caught by anglers in
1967..70 averaged only about 1,5 pounds or
0.7 kg) suggest that forage for salmon may
be scarce. A further reason for the poor sport
fishery was the weak homing instincts of
planted fish, The salmon were so widely dis-
tributed at all stages of life after planting that
their availability to the angler generally was
low (this same problem was evident in Lakes
Ontario and Erie, and to a lesser extent in
Lake Huron), It seems unlikely that a further
increase in numbers of coho and chinook
salmon planted in United States waters of
Lake Superior will greatly increase the sport
fishing catch,

For the most part, Lake Erie does not pro-
vide suitable habitat for salmon, Eutrophica~
tion and oxygen depletion in the summer in’
the deep cold waters of the lake undoubtedly
restrict the distribution of the salmon and
may redice the availability of forage, Although
rainbow smelt (Osmerus mordax) are abun-~
dant in Lake Erie, the reldtively slow growth ™
of the salmon suggests that smelt are not -
abundantly available during the major growing
season of the salmon, Becauge of these con-
ditions, plantings of coho and chinook salmon
in Lake Erie cannot be expected to be highly
successful,

Until sea lampreys are controlled in Lake
Ontario (at least to the extent that lampreys
are not the dominant limiting factor), there
will be no salmon fishery nor will the potential
of salmon in Lake Ontario he known,

For the Great Lakes as a whole, sport fish-
ing success has been best in Lake Michigan
where coho and chinook salmon survival is
highest, growth is fastest, and homing instincts
are strongest,
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Analysis of the results of the recent plants
of salmon in the Great Lakes give evidence
that salmon management is still primarily
experimental and that concepts of salmon man-
agement may be greatly altered in the next
decade,
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