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ABSTRACT

Wisconsin’s Lakce Michigan salmonid sport {ishery began during 1963-69 with the
stocking of rainbow troul {(Oncorhynchus mykiss), lake troul (Salvelinus namaycush),
brown troul {(Sulmo trutta), brook troul (S, fontinalis), coho salmon (O. kisutch),
and chinook salmon (O. tshawytscha). The fishery grew rapidly during 1969-85

as angler effort increased ten-fold, catch rate doubled, and harvest increased
twenty-fold.  Stocking and catch were increasingly dominated by chinook salmon --
with eoho salmon and lake trout of secondary imporlance and brown, rainbow, and
brook trout of lesser importance. Trolling dominated the fishery -- particularly by
launched-boat anglers and, more recently, by moored-boat anglers. Charter trolling
grew the most continuously and had the highest catch rates. Chinook and coho
salmon and lake troul dominated trolling catch. Pier, shore, and strcam anglers
fished less overall, bul had catch rates similar to those of launched-boat anglers.
The catch by picr and shore anglers was spread among chinook and coho salmon,
and lake, brown, and rainbow trout. The strcam-angling catch was dominated by
chinook salmon. The percentage of stocked fish subsequently caught (catch ratio)
was highest for fingerling chinook salmon (12.9%). Yearling brook and brown trout,
coho salmon, and lake and rainbow trout had intermediate catch ratios (5.1%-9.8%).
Fingerling brook, brown, and lake trout had lower caich ratios (2.5%-3.6%). The
catch ratio for rainbow trout dropped from 9.8% to 5.1% following conversion Lo a
different -strain (the Shasta strain). Fingerling rainbow (rout produced the lowest
returns (<0.5%). Stocking recommendations were based on catch ratios, and catch
objectives were based on 1982-85 average calches.
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INTRODUCTION

Lake Michigan [(ish populations have changed greatly in recent decades. For more than a
century before 1940, Lake Michigan fish populations supported relatively stable sport and
commereial fisherics. In the 1940s and *50s, however, exotic sea lamprey (Petromyzon
marinus), alewife (Alosa pseudoharengus), and rainbow smelt (Osmerus mordax) invaded;
commercial fishing pressure increased; and spawning habilal deteriorated. Many native
species, including lake trout (Salvelinus namaycush), ciscoes {Coregonus spp.), and lake
whitefish (C. clupeaformis) declined or became extinct.

In the 1960s, state and federal fisherics management agencies around Lake Michigan
began intensive efforts to control sea lamprey, through chemical treatment of larval
nursery areas, and alewives, through stocking of salmonid predators. Sea lamprey
populations subsequently declined, and a sport fishery for trout (Salmo spp.), chars
(Salvelinus spp.), and Pacific salmon (Oncorhynchus spp.) developed. This {ishery
conlinues and now supports a multi-million dollar tourist industry., Wisconsin’s share of
the Lake Michigan fishery has been conservatively valued at >$60-million (Bishop 1984).

An annual creel survey of anglers on Wisconsin’s Lake Michigan waters has been conducted
since 1969 by the Wisconsin Department of Natural Resources (WDNR) to evaluate its
management program and to monitor fishery growth. Originally, data were collected from
anglers surveyed at boal ramps, picrs, breakwaters, strcams, and shore sites. The sampling
design was expanded in 1976 Lo include mandatory reporting by charter-boat captains and
again in 1982 to include voluntary reporting by anglers who used moored boats.

This report describes salmonid sport fishery development in Wisconsin’s Lake Michigan
waters -- reviewing stocking history and changes in {ishing effort, catch rate, and harvest
(from the 17-year creel survey) and analyzing the relationship between stocking and harvest.

STUDY AREA

Lake Michigan is the world’s sixth largest lake in both arca (22,400 miles?) and volume
(1,170 miles®). The lake is 307 miles long and 118 milcs wide at its maximum, with
1,661 miles of shoreline and a mean depth of 276 feet. Wells and McLain (1973)
describc the lake and its history in detail.

Political jurisdiction is shared by Michigan, Wisconsin, Illinois, and Indiana. Wisconsin’s
sharc (Fig. 1) -- second only to Michigan’s -- encompasses 4.7-million surface acres (32.8%),
495 miles of shoreline (29.8%), and 25 tributaries. Wisconsin’s Lake Michigan waters
include Green Bay and portions of two distinct lake basins.
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Green Bay is northernmost. It is shallower and more eutrophic than the lake proper and
commonly yields half of the lake’s total annual harvest of commercial fish. Green Bay
water temperatures generally limit the salmonid fishery to the upper, northern section of
the bay. Major access points are Marinette, Peshtigo, and Oconto on the west shore and
numerous small harbors on the east shore. Major tributaries used by anadromous salmonids
enter the bay from the west, including the Menominee, Little, Peshtigo, and Oconto rivers.

The northern lake basin extends from the tip of Door County to about midway between
Manitowoc and Sheboygan. The shoreline is generally rocky and irregular in the north and
sandier and less broken in the south, The lake bottom slopes stecply to a maximum depth
of 923 feet. Major access points include Gills Rock, Baileys Harbor, Sturgeon Bay,
Algoma, Kewaunee, Two Rivers, and Manitowoc. Many small tributaries are used by
anadromous salmonids; major tributaries include the Ahnapee, Kewaunee, East and West
Twin, and Manitowoc rivers,

The southern lake basin includes all waters from just north of Shcboygan south. The
shoreline is generally unbroken, and the lake bottom slopes gently to a maximum depth
of 558 feet. Major access points are Sheboygan, Port Washington, Milwaukec, Racine,
and Kenosha. Major tributarics include the Sheboygan, Milwaukee, and Root rivers.

METHODS

Data describing Wisconsin’s salmonid stocking program and sport fishery were summarized
by year to evaluate annual trends -- and by time period and management area to evaluate
temporal trends in geographic zones, The time periods (1963-71, 1972-78, and 1979-85)
represent early, middle, and recent years of the salmonid management program, and the
management arcas represent approximately similar geographic zones. Green Bay (GRB)
included all sites from the Wisconsin-Michigan state line to the tip of the Door peninsula,
and Washington Island. Eastern Door County (DOR) included all sites along the lake side
of the Door peninsula. Algoma-Kewaunee (KEW) included all sites in Kewaunee County,
most at the cities of Algoma and Kewaunee. Two Rivers-Manitowoc (MAN) included

all sites in Manitowoc County, most at the cities of Two Rivers and Manitowoc.
Sheboygan (SHE) included all sites in Sheboygan County, most at the city of Sheboygan.
Port Washington (PTW) included all sites in Ozaukee County, most at the city of

Port Washington. Milwaukee (MLW) included all sites in Milwaukee County, most at
the city of Milwaukee. Racine-Kenosha (RKN) included all sites in Racine and Kenosha
countics, most at the cities of Racine and Kenosha.,




STOCKING

Before fish leave hatcheries or rearing stations for stocking in Wisconsin waters,
tish-planting receipts are prepared that identily: hatchery or rearing station of origin,
species, shipment date, county where stocked, age class at stocking (egg, fry, fingerling,
yearling, adult), average size (inches), total number stocked, total pounds stocked,
waterbody planted, and water temperature in the shipment tank, At the stocking site,

the receipt is signed by a fisheries manager and a citizen cooperator to verify the stocking.
The original receipt is then filed at the hatchery or rearing station of origin; copies, in [liles
at the local fisheries management office, the district headquarters, and the central office.

Fish-planting receipts for trout and salmon stocked in Wisconsin’s Lake Michigan waters

were tabulated for 1963-85. Numbers of each species (brook, brown, rainbow, and lake

trout; coho and chinook salmon) and life stage (fingerling and yearling) were summarized
for all stocking sites in each geographic zone.

GENERAL CREEL SURVEY

Annual creel surveys were conducted from mid-March through mid-November, 1969-85,

at boal ramps, picrs, breakwaters, and shore and stream sites along Lake Michigan from
the Michigan state line at Marinette to the Illinois state line near Kenosha, Survey sites
were grouped by geographic proximity, site groups were selected randomly on a daily basis,
and survey sites in cach group were visited in random order. Saturday, Sunday, and

2 randomly selected weekdays were surveyed weekly. All holidays were surveyed.

Fishing effort was cstimated by counts of boat trailers at boat ramps and of anglers at piers,
brcakwalers, and shore and strcam sites. Counts were made at the beginning and end of
cach sile visit and averaged daily. The average number of anglers using boat ramps each
month was determined for each day type (weekday, weekend, holiday) by multiplying the
average daily number of boat trailers counted times the average number of anglers/boat
{from angler interviews). The average number of anglers using pier, breakwater, shore, and
strcam sites cach month was calculated directly from average daily counts. Total monthly
fishing effort for each fishery was then estimated by multiplying the average angler counts
times an assumed 14 hours of daily {ishing opportunity, then totaling day types over all days
in the month.

Catch rates were determined from angler interviews at cach location. Data collected
included party size, trip duration, angler residence, harvest of each species, and the length,
weight, and finclips of fish caught. Average monthly catch rates of each species were
expanded by the estimatcd angling effort at each site to estimate the monthly harvest of
cach species. All calculations were made using a verified computer program.




CHARTER-BOAT CATCH REPORTING

The charter fleet on Lake Michigan that consisted of 4 boats in 1969 (2 each al Algoma
and Kewaunee) increased to 98 in 1973, 188 in 1976, and 524 in 1985. A 1974 statuie
requires charter operators to license their boats and report catch. During 1974-75,
however, catch reports received were considered unreliable due to underreporting. Ditton
et al. (1975) interviewed 44 charter operators in 1973, who reported harvesting 37,741 fish,
and expanded the harvest of interviewed operators to a lakewidc harvest estimate of 84,642
fish. In contrast, mandatory reporting the following 2 years indicated a total harvest of
30,220 in 1974 and 25,199 in 1975.

Harvest reporting improved by 1976 through increased enforcement and informational
meetings. Report forms that WDNR supplied to charter-boatl operators required data on
location fished, hours fished, number of lines fished, number of resident (Wisconsin) and
non-resident anglers, and harvest of each species. Effort, catch rate, and harvest were then
summarized by computer. Charter operators who failed to submit monthly reports werc
notified of the penalties and, in most cases, reports were received. At informational
meetings, managers explained the importance of accurate reporting to improve the fishery.
However, we suspect that underreporting continued, biasing the absolute estimates of
harvest and effort, but we believe the bias was consistent year-to-ycar, making relative
comparisons among locations, months, and species valid.

MOORED-BOAT SURVEY

Anglers who moored boats, but who were not charter operators, were surveyced beginning
in 1982 through a volunteer catch report system. Report forms -- supplied by WDNR to
moored-boat owners through sport-fishing clubs -- requested data on port of call, hours
fished, number of lines fished, number of resident (Wisconsin) and non-resident anglers,
and harvest of each species. The data were then summarized by month and port.

Effort and harvest by all moored-boat anglers were estimated by expanding the cffort

and harvest of respondents to the estimated number of moored boats at each port of call.
These estimates were based on counts of moored fishing boats (excluding charter boats)
made at ports of call during bad weather when nearly all boats were docked. We suspect
that respondents were better, more interested anglers than average and that the voluntary
catch report survey overestimated the actual effort and harvest of moored-boat operators.
However, we believe that the relative comparisons among locations, months, and species
are probably valid.



CATCH RATIOS

The percentage of stocked fish that are subscquently caught (catch ratio, CR) is the ratio
of total number harvested (H) to total number stocked (N):

CR = H/N

However, the harvest of some specics results from scparate stockings of fingerlings and

yearlings:
CR, = HJ/N, and CR, = H/N,

The relative contributions of stocked fingerlings and yearlings to the Lake Michigan sport
fishery harvest are not readily distinguishable, so we adjusted the ratio of total number
harvested Lo total number stocked by the relative survival of yearlings and fingerlings
obscrved in Great Lakes stocking evaluations, The ratio of yearling survival to fingerling
survival (SR) is: .
SR = (R/N)/(RJN;)

where R, and R, are the numbers of returns observed from yearling and fingerling
stockings, N, and N, Specific SR valucs used in our analyses were 2.4 for lake trout
(Elrod et al. 1988), 2.2 for brown trout (Lychwick 1980), and 23.7 for rainbow trout
(Seclbach 1985). No SR value was available for brook {rout, so we averaged SR values
for brown and lake trout (SR = 2.3) becausc we thought relative survival of brook trout
yearlings and [ingcrlings was similar to that of lake and brown trout.

Total harvest thus includes fish stocked as fingerlings and yearlings:
H=H, + H,

We assumed that the harvest [rom each stocking was proportional to the number of adult
survivors and that the relative harvest of fish stocked as fingerlings and yearlings was
related to the survival ratio and the original number of each group stocked:

H, = [(SRYN/N)JH,

Substituting this equation into the fingerling and yearling catch ratio cquations, yiclds
cquations describing the catch ratios of fingerlings and yearlings:

CR, = H/(N, + SRN,) and CR, = H/(N, + N/SR)

We estimated catch ratios for the 6 salmonid species stocked in Wisconsin’s Lake Michigan
waters using these equations, assuming appropriate lag times between stocking and
subsequent harvest, Lag times used were: 1 year for yearling brook and brown trout
(Lychwick 1980), coho salmon (Patriarche 1980, Pfender and Poff 1980a), and rainbow trout
(Scholz et al, 1978); 2 years for fingerling brook, brown (Lychwick 1980), and rainbow trout;
3 years for fingerling chinook salmon (Lychwick 1986); 4 years [or yearling lake trout
(Plender and Poff 1980b); and 5 years for fingerling lake trout (Pfender and Poff 1980b).




RESULTS
STOCKING

The salmonid stocking program in Wisconsin’s Lake Michigan waters (Fig. 2)
began in 1963 when WDNR released 9,000 rainbow trout (O. mykiss). Then

2 years later, the U.S. government began providing lake trout for stocking,

and in consccutive years during 1966-69 WDNR stocked brown trout (S. frutta),
brook trout (S. fonfinalis), coho salmon (O. kisutch), and chinook salmon

(O. tshawyischa). As haichery production of each specics increased, annual
salmonid stocking surpassed 1.5-million fish in 1969 and 5.7-million fish in 1979,
reaching a maximum of 7.3-million {ish in 1983. Currently, hatchery production is
stable since Hansen (1986} recommended reducing chinook salmon stocking 10%
due to coincident declines in the species’ condition and in alewife abundance.

Figure 2. Annual stocking of six salmonid species
in Wisconsin’s Lake Michigan waters, 1963-85,

4 NUMBER STOCKED (MILLIONS)

EZE ramnvpow
77 CT raxe
. Y cono

CHINOOK
5 ] AW prown

Bl sroox

g
}
N

biladla

D 7 79 81 43 85

=
=
=
=
e

73
YEAR

Species. WDNR has stocked relatively few brook trout in Lake Michigan,
altogether 3-million since 1967. Annual brook trout stocking decreased sharply

after 1977 (600,000 stocked) and remained relatively consistent during 1978-85
(200,000-300,000 annually) (Fig. 3). The ratio of stocked fingerling to yearling
brook trout varied dramatically year-to-year but was about 1:1 over the entire
study period with 1.3-million fingerlings and 1.6-million yearlings stocked during
1967-85. Few fingerlings were stocked before 1976 or during 1978-80, whercas
>500,000 were stocked in 1977 and large numbers were stocked during 1981-85.
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Figure 3. Annual stocking of fingerling and yearling salmonids
in Wisconsin’s Lake Michigan waters, 1963-85.
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Since 1966, WDNR has stocked >14.1-million brown trout in Lake Michigan

as fall fingerlings (8.1-million) and as spring or summer yearlings (6.0-million).
Annual brown trout stocking has been variable with peaks in 1968, 1972, 1978,
and 1982. Nearly twice as many [ingerlings as yearlings were stocked during
1982-83, whereas nearly equal numbers of fingerlings and yearlings were planted
during 1984-85.

WDNR has stocked chinook saimon since 1969, and annual stockings totaled 23-million
through 1985, All were stocked as spring fingerlings. Annual chinook salmon stocking
increased from generally <1-million before 1978 to generally >2-million since 1978,
peaking in 1985 at >2.7-million.

WDNR has stocked nearly 7-million coho salmon in Lake Michigan since 1968,

Coho salmon are usually stocked as spring yearlings, but fall fingerlings were stocked

in 1973, 775, 76, ’80, and '84. Fingerlings accounted for only 12.8% (876,700) of all
coho salmon stocked. Stocking increased gradually during 1968-76, when nearly 672,000
were planted, and has since stabilized at about 450,000 annually.

An essential part of Great Lakes management has been the effort to restore naturally
reproducing lake trout populations that were decimated by lamprey predation and
overfishing. The U.S, Fish and Wildlife Service began restocking in 1965 and have
provided virtually all the lake trout stocked in Wisconsin’s Lake Michigan waters since.
During 1965-85, 20.6-million lake trout were stocked, increasing sharply from 200,000
in 1965 to >760,000 in 1966. Since 1967, stocking averaged about 1-million annually
until 1985, when >1.6-million were stocked. Few (2.5-million) fingerling lake trout
have been stocked.

In the early 1970s, accelerated growth fingerling lake trout -~ reared in heated water

and on special diets -- were stocked along with normal growth fingerlings and yearlings

to evaluate relative survival. Researchers thought that production could be increased

at lower costs if accelerated growth fingerlings ouiperformed normal growth fingerlings

and yearlings. However, accelerated growth fingertings showed higher mortality, and the
evaluation was discontinued. Since 1978, only normal growth fingerlings have been stocked
to complement yearling stocking.

Since 1963, WDNR has stocked 6.1-million fingerling and 6.7-million yearling rainbow trout
in Lake Michigan. Both fingerlings and yearlings were stocked annually during 1969-84.

In 1985, fingerlings were discontinued. Rainbow trout stocking increased crratically --
from 9,200 in 1963 1o >0.5-million in 1972 and to >1-million in 1979 -- peaking in 1983
at nearly 1.5-million.
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Geographic Zones. During the carly period, 1963-71, of Wisconsin’s salmonid stocking
program about 8.7-million were stocked in Lake Michigan -- >87% (7.6-million) north of
Sheboygan County, including >26% (2.3-million) off castern Door County alone (Fig. 4).
More lake trout were stocked than all other species combined, accounting for 65%
(5.6-million) of all stocking (Fig. 5). Coho salmon, brown trout, and rainbow trout

cach composed 8%-9%; chinook salmon, 5%, and brook trout, 2%.

Figure 4. Salmonid stocking in Wisconsin’s Lake Michigan waters
by time period and management zone,.
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During the middle period, 1972-78, salmonid stocking totaled 27.5-million, and it shifted
south. Stocking from Milwaukee south, 3% during the early period, increased to nearly
20% of all stocking, This shift reflected the decision to discontinue lake trout stocking
north of Sturgeon Bay, in eastern Door County, because of high incidental lake trout
mortality in the commercial whitefish gilinet fishery. Lake trout stocking increased during
the middle period, but less so than the stocking of other species. Consequently, lake trout
composed only 27% of all stocking, whereas chinook salmon composed neatly 24%, brown
and rainbow trout each composed 16%-17%, coho salmon composed nearly 12%, and
brook {rout composed 4%.

During the recent period, 1979-85, salmonid stocking increased to 44-million and

was evenly distributed (4- to S-million/area), except for dramatically heavier stocking

in eastern Door County (nearly 9-million). The largest stocking increases were in Ozaukee
County, up three-fold to >5-million, and Milwaukee County, more than doubled to nearly
S-million. Stocking increased only 12% in Kewaunee County, decreasing from 18% to 13%
of all stocking. The shift from northern to southern counties reflected increased knowledge
of fish movements and of fishing patterns. Also, coho salmon stocking, discontinued in
counties north of Sheboygan because of high rearing costs compared to chinook salmon,
was maintained in southern counties because of their importance in the spring fishery.
Chinook salmon stocking increased dramatically, composing nearly 37% of all stocking --
brown trout (20%) and rainbow trout (17%) increased less dramatically, whereas lake trout
(17%), coho salmon (6%), and brook trout (4%) decreased slightly.

FISHING EFFORT

Fishing effort in Wisconsin’s Lake Michigan waters increased nearly ten-fold during 1969-85
(Fig. 6). Effort increased most during 1969-74; thereafter, effort increased less dramatically
and has apparently stabilized since 1982,

Fishery Types. Launched-boat anglers generally fished morc than half of all angler
hours annually during 1969-85. Pier, shore, stream, charter-boat, and moored-boat anglers
composed the remainder of the fishery. Launched-boat anglers effort peaked in 1977 and
remained relatively stable thereaflter. Pier anglers effort also peaked in 1977, fell somewhat
during 1978-81, and rose again during 1981-85. Shore anglers effort rose through 1976

and has fluctuated erratically since. Stream anglers effort rose slowly through 1982 and

fell during 1983-85. Charter-boat anglers effort increased steadily during 1976-84,

before declining in 1985. This steady rise in fishing effort was not evident for any other
angler group in the fishery. Moored-boat anglers effort declined during 1982-84, then
increased in 1985,

Geographic Zones. Anglers in Milwaukee County fished >7.9-million hours during
1969-85, >2.5 times the fishing effort spent on Green Bay waters (3.0-million hours)

(Fig. 7). Effort increased from Green Bay south to Manitowoc County (6.0-million hours)
then decreased south to Ozaukee County (4.4-million hours) before increasing again

to lakewide highs in Milwavkee and Racine-Kenosha counties (6.3-million hours).
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Figure 6. Sport-fishing effort in Wisconsin’s Lake Michigan waters
by fishery type, 1969-85.
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Figure 7. Sport-fishing effort in Wisconsin’s Lake Michigan waters
by fishery type and management zone.
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Fishing effort in Milwaukee County was more strongly dominated by launched- and
moored-boat anglers than in other areas. Manitowoe County had the strongest pier
and stream fisheries, and Door County had the strongest shorc and charter fisherics.

This pattern of fishing effort was similar during early (1969-71), middie (1972-78), and
recent (1979-85) time periods, with minor deviations (Fig. 8). During the catly years of the
fishery, Milwaukce County was established as the busicst area for Lake Michigan (ishing,
followed by Manitowoce, Kewaunee, and Racine-Kenosha counties. Only Milwaukee County
exceeded 0.4-million hours of fishing effort during the early period, increasing to 3.0-million
hours during the middle period. Kewaunee County was second busiest during the middle
period, followed by Manitowoc and Racine-Kenosha counties. Fishing effort increased

in each arca from the middle to recent time periods. The greatest increases were in

Green Bay, which rose to the level of eastern Door County, and in Sheboygan County,
which rose to the Ievel of Manitowoc County. Kewaunee County slipped from second
highest to fifth.

Figure 8. Sport-fishing effort in Wisconsin’s Lake Michigan waters
by time period and management zone.
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Seasons. Summer fishing (June-August) accounted for 59% (24.9-million hours)

of the 42.4-million angler hours expended during 1969-85 (Fig. 9) and increased as

a portion of seasonal fishing cffort from 40% during 1967-71 to 56% during 1972-78
and 63% during 1979-85 (Fig. 10). In contrast, spring fishing (March-May) accounted
for 15% (6.2-million hours) of all angler hours and decrcased as a portion of seasonal
fishing effort from 35% during 1967-71 to 15% during 1972-78 and 13% during 1979-85.
Autumn fishing (September-November) accounted for 26% (11.2-million hours) of all
angler Hours and was relatively stable at 24%-29% of the scasonal effort,
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Seasonal fishing effort varied among fishery types. For the trolling fisheries (launched,
moored, charter), effort was greatest in summer and increased from 53% of all trolling
hours during 1969-71 to 78% during 1979-85. The stream fishery was largely restricted to
spring and autumn but shilted from an 80% spring fishery during 1969-71 t¢ a 76% autumn
fishery during 1979-85. Pier fishing effort was concentrated in summer, which increased
from 40% of pier angler hours during 1969-71 {0 63% during 1979-85. Shore fishing cffort
was concentrated in spring during 1969-71 (65% of shore effort) but shifted to autumn

during 1979-85 (61% of shore effort).

Figure 9. Monthly sport-fishing effort in Wisconsin’s
Lake Michigan waters by fishery type.
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The cateh rate doubled during 1969-85 and tended to follow the same general patlern
as fishing clfort (Fig. 11). Most of the increase resulted from improved success rates
for chinook salmon. The catch rate increased relatively smoothly during 1969-73 and
1978-85, but varied erratically during 1974-77. In particular, 1976 and ’77 were unusual
in that the catch rate nearly doubled, mostly duc to increased success for coho salmon

and rainbow trout.
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Figure 10. Seasonal sport-fishing effort in Wisconsin’s Lake
Michigan waters by fishery type and management zone.
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Figure 11. Annual salmonid angling catch rate by species
in Wisconsin’s Lake Michigan waters, 1969-85.
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Fishery Types. The catch rate ranged among fishery types -- pier anglers were least
cfficient (0.09 fish/hour) and charter-boat anglers were most efficient (0.29 fish/hour).
Moored-boat anglers were nearly as efficient (0.25 fish/hour) as charter-boat anglers,
whercas launched-boat anglers were much less efficient (0.12 fish/hour). Stream and shore
anglers were of intermediate efficicney (0.15 fish/hour and 0.12 fish/hour, respectively).

Angling catch rates in each fishery varicd among time periods, incrcasing from 1969-71
through 1979-85 in the launched-boat and strcam fisheries, remaining stable in the pier
fishery, and increasing from 1969-71 through 1972-78 in the shore fishery (Fig. 12).

The catch rate of launched-boat anglers improved >50% from 1969-71 through 1979-85.
The catch rate of strcam anglers more than doubled over the same interval. Catch rates of
charter-boat anglers rose slightly from 1972-78 through 1979-85 and were only slightly better
than moored-boat anglers during 1979-85.

Geographic Zones. The catch rate during 1969-85 did not vary greatly among areas
of Lake Michigan -- ranging from 0.11 fish/hour in Milwaukee County to 0.15 fish/hour

in Manitowoc County (Fig. 13). The catch rate tended to incrcase from Green Bay south
to Manitowoc County, then decreased south to Milwaukee County before rebounding in
Racine-Kenosha countics.
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Figure 12. Salmonid angling catch rate in Wisconsin’s Lake
| Michigan waters by time period and fishery type.
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Figure 13. Salmenid angling catch rate in Wisconsin’s
Lake Michigan waters by management zone.
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The catch rate during 1969-71 decrcased irregularly from north to south, from a high

of 0.18 fish/hour in Green Bay to a low of 0.02 {ish/hour in Milwaukee County (Fig. 14).
A similar, though less dramatic, north to south decline was cvident during 1972-78

as the catch rate decreased from a high of 0.14 fish/hour in Door County to a low

of 0.09 fish/hour in Milwaukec County. During 1979-85, no such pattern was evident

as the caich rate ranged from 0.13 fish/hour in Green Bay to 0.18 fish/hour in
Racine-Kenosha.
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The catch rate improved from catly to recent periods in all areas of Lake Michigan
except for Green Bay and Kewaunee County. The greatest improvement in caich rate
occurred at Milwaukcee, rising from 0.02 fish/hour during the early years to 0.14 fish/hour
during recent years, The greatest decline in calch rate occurred in Green Bay, dropping
from 0.18 fish/hour in the carly years to 0.13 fish/hour in middle and recent years.

Figure 14. Salmonid angling catch rate in Wisconsin’s Lake
Michigan waters by time period and management zone.
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Seasons. The overall calch rate ranged from a low of 0.09 fish/hour in March to a high

of 0.27 fish/hour in November (Fig. 15). The catch rate increased sharply during spring,
gradually during summer, and sharply again during autumn.

Catch ratcs for the different fisherics varied through the seasons, declining from spring to
autumn for charter-, moored-, and launched-boat anglers and declining from spring to
summer, then peaking in autumn, for pier, shore, and stream anglers (Fig. 16). Catch rates
for charter- and moored-boat anglers were 2-2.5 times higher than for other anglers in |
spring and summer but were similar to those for stream anglers in autumn. Launched-boat
anglers had higher catch rates than picr, shore, or stream anglers in spring and summer

but had the lowest catch rates in autumn.
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Figure 15. Monthly salmonid angling catch rate in Wisconsin’s
Lake Michigan waters. '
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Figure 16. Seasonal salmonid angling catch rate in Wisconsin’s
Lake Michigan waters by fishery type.
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Catch rates for the charter-, moored-, and launched-boat anglers generally declined {rom
spring through autumn during 1972-78 and 1979-85 bul were highest for launched-boat

anglers in the summer during 1969-71 (Fig. 17). Caltch rates for pier anglers varied
the least over seasons and time periods but did exhibit differcnt scasonal patterns during

cach time period. Catch rates for shore and strcam anglers were generally highest
in autumn and lowest in summer, cxcept that shore anglers during 1969-71 had
their lowest catch rate in spring.
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Figure 17. Seasonal salmonid angling catch rate in Wisconsin’s
Lake Michigan waters by fishery type and time period.
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HARVEST

The Lake Michigan trout and salmon harvest increased 20-fold during 1969-85 (Fig. 18).
Chinook salmon, with catches increasing from 206 in 1969 to a pcak of nearly 318,000

in 1983, dominated the harvest at 35% (2.0-million) of all salmonids caught (5.8-million),
The harvest of coho salmon, lake, brown, and brook trout also increased over the ycars,
but the harvest of rainbow trout declined in the 1980s. Coho salmon made up 24%
(1.4-million}) of the harvest, peaking in 1977 when >206,000 were caught, Lake trout
were 18% (1.0-million) of the harvest, and the peak harvest of nearly 196,000 lake trout
was in 1983, Brown, rainbow, and brook trout were 12% (0.7-million), 9% (0.5-million),
and 2% (0.1-million) of the harvest, respectively, with peak catches in 1984 for brown trout
(66,000} and 1977 for rainbow (94,000) and brook trout (17,000).

Figure 18. Annual salmonid angling catch in Wisconsin’s
Lake Michigan waters by species, 1969-85.
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The harvest of all specics but rainbow trout increased from early to recent time periods,
though none so dramatically as chinook salmon (Fig. 19). Chinook salmon harvest
increased from 4% of the total in the carly period to 44% of the total in the recent period.
Coho salmon, lake, brown, and brook trout also incrcased [rom early to recent periods

in total numbers caught, yet all declined as a percentage of total harvest. Rainbow trout
harvest, on the other hand, declined from middle to reccnt time periods and decreased

as a percentage of total harvest from 19% in the early period to 6% in the recent period.
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Figure 19. Salmonid angling catch in Wisconsin’s Lake Michigan
waters by time period and species.
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Scasonal harvest patterns werce distinct {or cach species (Fig. 20). Harvest was
concentrated during July-October for chinook salmon, during May-July for coho salmon,
and during June-August [or lake trout but was cvenly distributed over the seasons for
brook, brown, and rainbow trout. However, seasonal harvest distributions of cach species
changed over time (Fig. 21). Spring harvest was increasingly dominated by brown trout
and coho salmon, while the relative contribution of other species, particularly rainbow and
lake trout, decreased. Summer and autumn harvests werc increasingly dominated by
chinook salmon, while the relative contribution of other species, particularly lake trout
and coho salmon in summer and rainbow trout and coho salmon in autumn, declined.

Figure 20. Monthly salmonid angling catch in Wisconsin’s
Lake Michigan waters by species.
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Figure 21. Seasonal salmonid angling catch in Wisconsin’s
Lake Michigan waters by species and time period.

0 NUMBER?»}UGHT {THOUSANDS)

BB prook
EBROWN
1 cmNaok
%23 cono
71 1ax

28 painaow

30

SPRING SUMMER . FALL
19691971

500 NUMBER CAUGHT {THOUSANDS)

1972-1978

NUMBER CAUGHT {THOUSANDS)

1,000 4
400
600

400

200

SPRING SUMMER
1979-1985

25




Fishery Types. Salmonid harvest peaked in 1977 for launched-boat (365,000),
picr (96,000), and shore anglers (54,000), while harvest by stream anglers (104,000)
pcaked in 1982 (Fig. 22). Charter-boater anglers increased their harvest annually
during 1976-84 when they harvested 118,000 salmonids. Moored-boat anglers,

on the other hand, caught more than (wice as many salmonids in 1982 (217,000)

as in 1984 (136,000) and intermediate numbers in 1983 (194,000) and 1985 (189,000).

The launched-boat fishery harvested 47% (2.6-million) of all salmonids caught during
1969-83, including 59% (808,000} of all coho salmon, 58% (606,000) of all lake trout,
40% (808,000) of all chinook salmon, and 38% (253,000) of all brown trout. The
launched-boat fishery harvest was composed mostly of chinook (31%) and coho (31%)
salmon and lake trout (23%). Remaining angler groups each harvested <13% ol all
salmonids caught. Stream anglers caught >735,000 salmonids; nearly 2/3 were chinook
salmon, Pier anglers caught nearly 666,000 salmonids; more evenly divided among coho
salmon (26%), rainbow (24%) and brown (23%) trout, and chinook salmon (18%).

Also, pier anglers caught more brook trout (41,000) than any of the other angler groups.
Shore anglers caught nearly 416,000 salmonids; most were brown (36%) and rainbow (26%)
trout and chinook salmon (22%). Moored-boat and charter-boat anglers caught mostly
chinook (44% and 40%, respectively) and coho (27% and 18%, respectively) salmon and

lake trout (27% and 35%, respectively).

Figure 22. Annual salmonid angling catch in Wisconsin’s
Lake Michigan waters by fishery type, 1969-85,
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Geographic Zones. Spccies harvest from different areas in Lake Michigan

varied greatly, particularly for lake trout and coho salmon (Fig. 23). Lake trout harvest
was concentrated in Door, Kewaunee, Manitowoc, -and Racinc-Kenosha counties, where
nearly 80% of all lake trout were caught. Coho salmon harvest generally increased from
north to south, with nearly 83% of the total harvest occurring from Sheboygan south.
Brown troui harvest followed a reverse pattern, decreasing from north to south, with
nearly 71% of the total catch occurring from Manitowoc north. Except for a small catch
from Green Bay, brook trout harvest was similar to that of brown (rout, with >90% of
the total catch occurring from Door through Sheboygan counties. Rainbow trout and
chinook salmon harvests were more cvenly distributed, with catches of rainbow trout
iending to be greater in the north (54%) and catches of chinook salmon tending to be
greater in the south (54%).

Figure 23. Salmonid angling catch in Wisconsin’s Lake Michigan
waters by species and management zone.
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Salmonid harvest from the different fisheries varied greatly among the different zones
(Fig. 24). 'The catch by launched-boat anglers predominated in all areas but was greatest
in Milwaukee and Racine-Kenosha counties. The catch by moored-boat anglers was
similarly concentrated in Milwaukec and Racine-Kenosha counties. In contrast, the caich
by stream anglers was largely concentrated in Manitowoe, Sheboygan, and Kewaunee
counties and in Green Bay., Catches by shore and pier anglers were greatest in Door and
Manitowoc counties, respectively. Catch by charter-boat anglers was most evenly distributed
except in Green Bay where the catch negligible.
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Figure 24. Salmonid angling cateh in Wisconsin’s Lake Michigan
' waters by fishery type and management zone.
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Lake Michigan salmonid harvest has shifted from north to south over the years (Fig. 25).
Green Bay's relative catch has remained at 6-8% of the total. The catch from the northern
basin declined from 59% during 1969-71 Lo 46% during 1972-78 and 35% during 1979-85.
Conversely, catch from the southern basin increased from 34% during 1969-71 to 48%
during 1972-78 and 57% during 1979-85.

Figure 25. Salmonid angling catch in Wisconsin’s Lake Michigan
waters by time period and management zone.
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Seasons. The seasonal distribution of harvest corresponded to the seasonal distribution
of angler effort (Fig. 26). Summer harvest accounted for >60% (3.5-million} of the total
harvest and 59% of angler cffort. Similarly, spring and autumn harvests accounted for
>13% (0.8-million) and 26% (1.5-million) of the total harvest, and 15% and 26% of

angler cffort, respcctively.

Monthly harvest distribution among anglers also corresponded to angler effort. Total
harvest {rom the trolling fisheries (launched, moored, charter) increased through July,
then declined; total harvest from the pier fishery increased through August, then declined.
In contrast, total harvest from the shore and stream fisherics was greatest in October,
with lesser peaks in April (stream) and May (shore).

Figure 26. Monthly salmonid angling catch in Wisconsin’s
Lake Michigan waters by fishery type.
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Peak harvesi occurred during summer in all time periods for charter-boat, moored-boat,
{faunched-boat, and pier anglers but was less disproportionate for pier anglers (Fig. 27).

Pecak harvest of shore and strcam anglers generally occurred during autumn, becoming

increasingly disproportionate for stream anglers during 1972-78 and 1979-85.
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Figure 26, Seasonal salmonid angling catch in Wisconsin’s
Lake Michigan waters by fishery type and time period.
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CATCH RATIOS

The catch ratio of stocked salmonids was highest for fingerling chinook salmon (12.9%)
(Tables 1, 2). Catch ratios for stocked yearling brook and brown trout, coho salmon, and
lake and rainbow trout were lower, ranging from 5.1% through 9.8%. Catch ratios for
stocked fingerling brook, brown, and lake trout were lower still, ranging from 2.5% through
3.6%. The catch ratio for stocked yearling rainbow trout dropped {rom 9.8% to 5.1%
following conversion to a different strain (the Shasta strain). Fingerling rainbow trout
produced the lowest returns {<0.5%).

Table 1. Stock/catch (catch/stock) ratios for salmonid species
in Wisconsin’s Lake Michigan waters.

Number Stocked / Number Caught

Species Fingerling Yecarling Pooled
Brook Trout 39.69 (2.5%) 17.53  (5.7%) 22.98 (4.4%)
Brown Trout 2863 (3.6%) 12.65 (7.8%) 1833 (5.5%)
Chinook Salmon 7.75 (12.9%) 7.75 (12.9%)
Coho Salmon 1694 (5.9%) 1694 (5.9%)
Lake Trout 3520 (2.8%) 1467 (6.8%) 1535 (6.5%)
Rainbow Trout
(Shasta strain) 46021  (0.2%) 1942 (51%) 46.98 (2.1%)
(pre-Shasta strain)  240.83  (0.4%) 10,16 (9.8%) 15.66  (6.4%)

Table 2. Stocking, catch, and yearling/fingerling survival ratios for
salmonid species stocked in Wisconsin’s Lake Michigan waters.

Number Stocked Survival

Species Fingerlings (years) Yearlings (ycars) Ratio Harvest (years)
Brook Trout 1,061,334 (67-83) 1,438,398 (68-84) 2.3 108,792  (69-85)
Brown Trout 6,781,147 (67-83) 5,430,422  (68-84) 2.2 666,232 (69-85)
Chinook Salmon 15,816,403 (69-82) 2,041,091  (69-85)
Coho Salmon 5,432,956  (68-84) 320,737 (69-85)
Lake Trout 1,228,671  (65-80) 14,836,547 (65-81) 2.4 1,046,358  (69-85)
Rainbow Trout
(Shasta strain) 2,896,941 (80-83) 1,832,487 (81-84)  23.7 100,665 (82-85)
(pre-Shasta strain) 2,472,839 (67-79) 4,354,471 (68-80}  23.7 438,796 (69-81)
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DISCUSSION

Salmonid stocking in Wisconsin’s Lake Michigan waters should be strongly related to
subscquent harvest becausc natural reproduction is low. Avery (1974) found modest
reproduction of rainbow (rout and coho salmon in Little Scarboro Creek, a tributary

ol the Kewaunce River, Wisconsin. Patriarche (1980) found that 9.3% of the total

1979 Lake Michigan coho salmon catch was naturally spawned. Seelbach (1986)

found substantial reproduction of steclhead (rout in the Little Manistee River, Michigan.
However, the combined reproduction of all such populations could not possibly sustain
more than a =mall fraction of the Wisconsin (ishery. Most Wisconsin (ributarics to

Lakc Michigan arc unflavorable for salmonid reproduction due to a lack of suitable gravel
substrale for spawning, cold winter water temperatures, and large water level fluctuations
{Avecry 1974). In addition, dams on many tribularies block spawners from more suitable
habitat upstream.

CATCH RATIOS

Chinook Salmon. Chinook salmon harvest from Wisconsins Lake Michigan walers was
dominated by fish stocked as fingerlings 3 years earlier (Lychwick 1986). The catch ratio
ol chinook salmon harvested during 1969-85 from fingerlings stocked during 1969-82 was
12.9%. Similar data arc not available from other states stocking Lake Michigan, but our
results indicate a higher catch ratio than the 0.23% average catch ratio of chinook salmon
stocked in Minnesota waters of Lake Superior during 1974-79 (Close et al, 1984). The
lower catch ratio for chinook salmon in Minnesota’s Lake Superior walers is probably
because [ishing effort is lower and Minnesota’s portion of the lake is relatively small.

Coho Salmon. ILake Michigan coho salmon harvest was dominated by fish stocked

as spring yearlings 1 ycar earlier (Patriarche 1980). Stocking by other agencies and
spring weather conditions strongly influence the harvest in Wisconsin waters. Patriarche
(1980) found that coho salmon stocked in Wisconsin waters contributed only 23.6% to
Wisconsin harvest, while those planted in Michigan waters contributed 64.1%. Also,
sincc the Wisconsin harvest depends largely on spring harvest at southern ports (Pfender
and Polf 1980a), the prevailing wcather conditions induce high variability in the overall
Wisconsin harvest,

The catch ratio for coho salmon caught during 1969-85 (1,359,055) from stockings during
1968-84 (5,432,956) was 25%. However, only 23.6% (320,737) of the Wisconsin harvest
likely originated from Wisconsin stockings (Patriarche 1980). This harvest represents 5.9%
of the coho salmon stocked in Wisconsin during 1968-84. This catch ratio agrees in general
with Pfender and Poff (1980a), who found that the catch ratio {rom 13 discrete stockings of
coho salmon made during 1969-76 averaged 4.4% (range = 0.7%-20.8%) and Patriarche
(1980), who found that the catch ratio of 1978 stocking was 7.4%.
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Lake Trout. Lake trout harvest from Wisconsin’s Lake Michigan walers was dominated
by fish stocked as spring yearlings 4 ycars carlier and fall {ingerlings 5 ycars earlicr (Pfender
and Poff 1980b). The catch ratio [or lake trout harvested during 1969-85 from fingerlings
stocked during 1965-80 and yearlings stocked during 1965-81 was 6.5%. The caich ratios
we estimated for fingerlings (2.8%) and yearlings (6.8%), assuming a relative survival of

2.4 yearlings/fingerling (Elrod et al. 1988), indicate better survival to harvest than during
1969-77, when Pfender and Poff (1980b) found an average catch ratio of 3.8% [rom
diserete lake trout stockings during 1965-72 (range = 1.2%-6.9%). However, their study
was conducted in the early years of the sport fishery when effort was lower than in the

late 1970s and carly ’80s.

Brown Trout. Brown trout harvest from Wisconsin’s Lake Michigan waters was
dominated by fish stocked as spring yearlings 1 year earlier and [all fingerlings 2 ycars
ecarlier (Lychwick 1980). Yearlings survived 2.2-6.7 times better than [ingerlings alter
stocking during 1976-78 (Lychwick 1980), though the higher survival ratio (6.7) was likely
biased due to excessive {in-clipping mortality of the dorsal-clipped fingerlings.

The catch ratio for brown trout harvested during 1969-85 from [ingerings stocked during
1967-83 and ycarlings during 1968-84 was 5.5%. Wc know of no comparable catch ratios
from other Lake Michigan jurisdictions, but our catch ratios for [ingerling (3.6%) and
yearling (7.8%) brown trout, assuming a relative survival of 2.2 ycarlings/fingerling
{Lychwick 1980), were higher than for lake trout caught in Wisconsin.

Rainbow Trout. Rainbow trout harvest from Wisconsin’s Lake Michigan walers was
dominated by fish stocked as ycarlings 1-2 years carlicr (Scholz ct al. 1978). Fingerling
contribution was small; survival to smolting was 1-3% for [all fingerlings (311-416 [ish/ib)
vs. 42-48% for large spring yearlings (2-5/Ib) in the Littlc Manistce River, Michigan,
during 1981-83 (Seelbach 1985).

The catch ratio of rainbow trout in Wisconsin’s Lake Michigan waters changed drastically
during 1969-85 as Shasta-strain rainbow troul, initially stocked with the 1980 ycar-class,
performed poorly compared to strains stocked carlier (Wis. Dep. Nat, Resour. 1988).

The catch ratio of Shasta-strain rainbow trout during 1982-85 was 5.1% for yearlings

and 0.2% for fingerlings, whereas the catch ratio of pre-Shasta strains during 1969-81

was 9.8% for yearlings and 0.4% for fingerlings. The catch ratio was higher lor the

1980 year-class of Skamania strain rainbow trout stocked in Indiana in 1981 (201,929
stocked) and caught during 1982-86 (25,835 caught, 12.8% of those stocked) (Braun 1987),
whereas the average catch ratio was lower (1.2%) for rainbow trout stocked in Michigan’s
waters of the Great Lakes during 1955-59 (Hansen and Stauffer 1971).

Brook Trout. We estimated the catch ratio for brook trout (4.4%) from

the cumulative harvest during 1969-85 and the cumulative stocking of fingerlings
during 1967-83 and yearlings during 1968-84. We also estimated fingerling (2.5%)
and yearling (5.7%) catch ratios, assuming the average rclative survival of brown and
lake trout yearlings/fingerling (2.3). There arc no comparable catch ratio cstimates
for the Great Lakes.
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INFLUENCES ON THE FISHERY

Weather. Variable weather conditions apparently have had a significant cffect on

the Lake Michigan trout and salmon sport fishery. Annual fluctuations in spring fishing
conditions have probably substantially affected annual harvests of coho salmon. Extreme
weather changes during 1976-78 produced drastic fluctuations in angler cffort, catch rate,
and the harvest of most spccies compared to years before and after,

In 1976 and ’78, cold inshore summer water temperatures prevailed, holding salmon

far offshore and relatively unavailable to anglers. Low catch rates resulted from these
poor [ishing conditions, leading to reduced angler cffort and dramatically reduced harvest of
most species. In contrast, nearly optimal summer water temperaturcs and wind conditions
in 1977 resulted in high catch rates, increased angler effort, and greater harvest. Also,
some of the fish not harvested in 1976 likely survived and contributed to the higher catch
rates in 1977, :

Fishing Regulations. Fishing regulation changes on Lake Michigan and Green Bay
during 1969-85 produced few detectable cffects on effort, catch rate, or harvest. In general,
bag, size, and scason limits were probably so liberal as to only negligibly aftect the fishery.

During 1950-66, Lake Michigan fishing had a 17-inch minimum length limit for all spccies,
a closed season in November, no bag limil, and no licensing requirement. Tributary fishing
was regulated under standard inland rules. During 1967-68, as the trout and salmon fishery
began to grow, size limits were reduced, bag limits were initiated, and tributary fishing rules
were changed to match those for Lake Michigan fishing. By 1969, the aggregate bag limit
was 5 trout and salmon (including only 2 rainbow trout from tributaries), the minimum
length limit was 10 inches, and the open season was confinuous.

These rules continued during 1969-85, except for two minor bag limit changes, several minor
changes in tributary-fishing hook-size requircments, the permitting of snagging, and the
initiation of a licensing requirement. Of these changes, only snagging produced a possible
detectable effect on the fishery.

Snagging was first permitted in 1972, was restricted to specified sireams in 1978, and was
banned in Brown and Sheboygan counties and on the Manitowoe River during 1984-85.
(It was eliminated statewide in 1987.) Legalized snagging in 1972 may have helped fucl
dramatic catch rate improvements in the shore and stream fisheries during 1972-78.
Then, restricting snagging to strcams in 1978 may have hindered shore fishery

comparcd to stream fishery catch rates during 1979-85.

Fishing Methods, Numerous advances in sport-fishing equipment and techniques
since 1969 allow anglers to locate productive fishing arcas more quickly and to catch
fish more effectively. These changes have likely increased angler efficiency in harvesting
Lake Michigan trout and salmon.
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In 1969, few recreational anglers had more than a [lasher unit to measure the water depth.
By 1985, fish locators showed graphic, color, liquid crystal video displays of the bottom and
fish. Sinkers and lead-core line used in 1969 gave way Lo clectrically operated down-riggers
with thermistors to measure water temperature by 1985. Almost all gear and electronics
improved, including loran-C for navigation, marine radios for communication, larger and
safer boats for fishing farther offshore, and rods, reels, and scientifically designed lures

for every {ishing condition. Fishing clinics and video programs hclped increase the skill

of even neophyle anglers in a very short time. Knowledge of fish movements, unknown

in 1969, was well known and widely adveriised by 1985.

Each of these advancements probably helped improve caich rates of trout and salmon
in Lake Michigan during 1969-85. However, since advances in fishing equipment and
methods have been continuous, no single advance can be identified as most significant.

COMPARISON TO OTHER GREAT LAKES FISHERIES

Annual crecl surveys of Greal Lakes anglers by other management agencies have been
uncommon, but were conducted by most agencies in 1984, 1985 or 1986. Field methods
differed with species. For example, this study was of salmonid anglers only, while others
also included perch anglers. Therelore, effort and calch rate comparisons among various
surveys are not very meaningful. However, total catch comparisons are likely valid.

Lake Michigan. Based on available surveys of the combined salmonid sport [ishery
catch (1,722,070 chinook and coho salmon and brown, lake and rainbow (rout altogether)
-- 35.5% was in Wisconsin (this study), 50.0% was in Michigan (Rakoczy 1987), 11.1%

was in Illinois (Horns and Gorden 1986), and 3.1% was in Indiana (Brazo 1986). Of the
Lake Michigan shoreline -- 29.8% is in Wisconsin, 63.7% is in Michigan, 3.7% is in Illinois,
and 2.7% is in Indiana (Pincus 1962), Wisconsin and Illinois have major urban centers on
Lake Michigan and tended to have proportionatcly greater shares of the lakewide harvest
than their proportion of the shorcline.

Lakewide harvest composition was 51.4% chinook salmon, 22.6% coho salmon, 13.4%
lake trout, 6.9% brown trout, and 5.6% rainbow irout. Chinook and coho salmon were
important to the. fisheries in cach state; other species were more locally important: lake
trout in Michigan and Wisconsin, brown trout in Wisconsin, and rainbow trout in Indiana.
The harvest from Michigan waters, for example, was strongly dominated by chinook salmon
(59.4%), lake trout (16.5%), and coho salmon (13.0%), while the Wisconsin harvest was
less dominated by chinook salmon (48.8%) and lake trout (13.0%) and more dominated
by coho salmon (22.9%). In contrast, the Illinois harvest was even more dominated by
coho salmon {61.9%) and less by chinook salmon (29.4%), while the Indiana harvest

was comprised nearly equally of rainbow trout (36.9%), coho salmon (28.9%), and
chinook salmon (28.5%).
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Total harvest of all speeics tended to be taken mostly from Michigan and Wisconsin
waters, though significant harvests of coho salmon were taken from Iilinois waters and of
rainbow {rout from Indiana waters. Lakewide total harvests ol chinook salmon and lake
and brown trout, for cxample, were largely taken in Michigan (57.7%, 61.6%, and 41.4%, .
respectively) and Wisconsin (34.1%, 34.8%, and 54.6%, respectively). In contrast, the
total harvest of coho salmon was mostly sharcd by Wisconsin (36.3%), lllinois (31.0%),
and Michigan (28.7%), while the harvest of rainbow trout was mostly shared by Michigan
(48.3%), Wisconsin (24.2%), and Indiana (20.4%).

Lake Ontario. Management agencies in New York in 1984 (N.Y. Dep. Environ.
Conscrv. 1987) and Ontario in 1985 (Danicls and Savoic 1986) conductcd creel surveys

on Lake Ontario waters, The salmonid harvest (brown, lake and rainbow trout, coho and
chinook salmon) was quite diffcrent between Ontario’s north shore fishery and New York’s
south shore {ishery. The north shore harvest (57,303) was greatly dominated by chinook
salmon (61.0%), rainbow trout (19.3%), and coho salmon (12.0%), while the south shore
harvest (525,096) was more diversificd and included chinook salmon (30.0%), brown trout
(24.5%), lake trout (18.4%), rainbow trout (15.9%), and coho salmon (11.2%).

Lake Huron. Michigan’s Lake Huron waters were surveyed in 1986 (Rakoczy and
Rogers 1987), and the harvest of 171,301 salmonids was composcd mostly of chinook
salmon (53.4%}) and lake trout (32.6%), while catches of brown trout (6.8%), coho salmon
(4.4%), and rainbow trout (2.7%) were smallcr.

Lake Superior. Agencics in Wisconsin (Hulse and Blust 1986) and Minnesota
(Morsc 1986) conducted complete creel surveys of their Lake Superior waters in 1985,
whilc agencies in Michigan (Peck 1987) and Ontario (MacCallum 1987) conducted partial
creel surveys of their waters. The Ontario Ministry of Natural Resources’ survey was
for the Thunder Bay winter lake trout f{ishery only, while the Michigan Department of
Natural Resources’ survey was [or the Marquette arca only. None of these fisheries
were similar to the Lake Michigan f{ishery, mostly because of the lack of chinook salmon
dominance. In Michigan’s Lake Superior waters, for example, coho salmon (60.1%) and
lake trout (25.2%) dominated, while in Wisconsin waters the major species werc lake trout
(48.1%) and rainbow trout (22.3%), and in Minnesota waters the lake trout (83.4%)
dominated.

Summary. The species composition of Wisconsin’s salmonid harvest was somcwhat
different than that of other states -- both from Lake Michigan waters and {rom other
Great Lakes. Only Michigan’s Lake Michigan harvest was larger than Wisconsin’s, which
yiclded no worse than third placc among all specics harvests compared. Only Michigan’s
chinook salmon and lake and rainbow trout harvesis from Lake Michigan were higher,
along with New York’s brown, lake, and rainbow trout harvests from Lake Ontario.
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MANAGEMENT RECOMMENDATIONS

The Lake Michigan Fishcries Management Plan set a catch objective for 1991 of 650,000
total salmonids (the 1982-85 average; Wis. Dep. Nat. Resour, 1986). Catch objectives
for individual species were derived from 1982-85 average catches as follows: 1) inereasc
rainbow trout catch from 25,000 to 50,000, 2) reduce lake trout catch from 127,000 to
82,000, and 3) increase brook and brown trout and chinook and coho salmon catch

to complete the total caich objective. The plan does not specily, but we rccommend
proportional catch increases: from 9,000 to 10,000 for brook trout, from 65,000 to 68,000
for brown trout, from 124,000 to 130,000 for coho salmon, and from 295,000 to 310,000 for
chinook salmon. :

To achieve these catch objectives, [uture stocking must be at the appropriate rate.

We used catch ratios derived in this study to set [uture stocking objcctives as [ollows:
175,000 yearling or 400,000 fingerling brook trout, 872,000 yearling or 1,889,000 lingerling
brown trout, 2,403,000 chinook salmon, 520,000 coho salmon, 1,206,000 yearling or
2,929,000 fingerling lake trout, and 510,000 yearling rainbow trout. We did not set
stocking objectives for fingerling rainbow trout or for the Shasta strain because

catch ratios were so low and a management plan [or that species already called for
production of yearlings from new strains (Wis. Dep. Nat. Resour. 1988).

Brook, brown, and lake trout stocking can be a mixture of fingerlings and yearlings or
only fingerlings or yearlings. We agree with Elrod et al. (1988) that stocking objectives
for these species should be based on hatchery capabilitics to producc yearlings and that
fingerlings should be used as nccessary. For cxample, if hatchery space limits ycarling
brown trout production to 500,000, the stocking objective for fingerling brown trout
should be set at 806,000 fish.

The U.S. Fish and Wildlife Service stocks lake trout according to an interagency
rehabilitation plan that requircs state managemenl agencics to regulate lake trout harvest
within agreed-upon levels of total annual mortality and stocking (Krueger and Dchring
1986a). Sport fishery catch is not the primary objective of this stocking program.
Stocking rates for yearling lake trout are 1.0-1.5/acre. Stocking of yearlings in-Wisconsin’s
Lake Michigan waters includes 750,000 in the mid-lake reef complex of the southern lake
basin and 360,000 in the near-shore reef complex of the northern lake basin. This level
of yearling stocking (1,100,000) would require stocking an additional 257,000 fingerlings

to reach the 82,000 catch objective.

For salmonid species other than lake trout, stocking distribution in Wisconsin’s

Lake Michigan waters follows the guidelines of a computer-based stocking rationalc
(Krueger and Dehring 1986b). The stocking rationale is based on angler preference,
historical harvest, fishing accesses and facilities, and catch ratios. The catch ratios used
in the program should be updated according to the results of our study.
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