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ABSTRACT

DISTRIBUTION AND shown! or mm

“mu-mun mu: rm,

snmnms nmmusn,

DI m HICHIGAN

by John L. lease

Lake trout Lnonitoring data from Michigan and Uisconsin waters

of Lake Michigan were analyzed for the period of 1965 through 1967.

O'lhe study is based upon 20,642 recoveries of juvenile hatchery-

reared lake trout. The objectives were to determine the hathyletric

distribution, the novuent or dispersal patterns, and the growth

rate of the planted lake trout during their first three years at

liberty.

The greatest concentrations of juvenile lake trout were at

20-29 fatholss during the spring, sI-er, and fall seasons, and

at 40-49 in the winter.

Dispersal patterns away from planting sites are described for

each of nine groups of narked lake trout. The majority of the

hatchery-reared trout remained within the general areas of release

even after three years at liberty. However, soee extensive novuent

did occur. Hove-ant away from the planting areas was generally .

parallel to the shoreline. lo pattern of clocbsiae or counter-

clockwise movement was evident. Extensive offshore novenent was

linited to statistical district ill 3.



The average lengths at capture for age groups I, II, and III

‘were 7.9, 11.3, and 15.7 inches, respectively. Back-calculated

lengths at the first three annuli were 6.43, 10.34, and 14.34

inches. Compared to previous reports of lake trout growth in

Lake'flichigan, the lake trout of the present study exhibited

increased growth rates and were more robust.

Lamprey scarring rates are presented and discussed. Gear

selectivity of commercial gear types is reported. Reference is

also made to the liadtations in using commercial fishery data for

biological analyses.
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DITROMTION

No studies have been conducted on the bathymetric distribu-

tion, geographic distribution, or growth rate of juvenile lake

trout, Salvelinus namaycush (Walbaum) , in Lake Michigan since their

reintroduction in 1965. In light of drastic ecological changes

which have occurred in the Great Lakes since the 1940's, new

studies in these areas should be conducted and all previous

available information be used as a yardstick of comparison. Van Oosten

and Eschmeyer (1956) reported briefly on the bathymetric distribution

of small lake trout collected during 1930-32. Smith and Van Costen

(1940) conducted a study of geographic movement patterns, and studies

by Cable (1956) , Van Oosten and Eschmeyer (1956) and Smith and

Van Oosten (1940) provide documentation of the growth rates of

juvenile lake trout in Lake Michigan prior to 1946.

before the mid-1940‘s, the lake trout had long been a species

of primary importance to the Lake Michigan fishery. Go-ercial catch

records show a co-ercial take of 4 to 9 million pounds annually

for the period of 1885 to 1945 (Duettner, 1965). Beginning in 1946,

the stability of the fishery broke and production dropped catastrophically

to 342,000 pounds by 1949 (Mile, Escheyer, and Lunger, 1951). Smith

(1968) has attributed the decline to a combination of increased preda-

tion by the sea lamprey, PetromLzon marinus, and to over-exploitation

by the co-ercial fishery in the period just before the decline. Dy



the mid-1950's, the population had reached near extinction

(Feel-eyer, 1957). A similar crash had been already experienced

in Lake Muron (Mile and Duettner, 1954) , and it was also evident

that the stocks in Lake Superior were being severely reduced

(Duettner, 1965) .

As the lake trout stocks declined, _the con-ercial fishery was

forced to switch its aphasia to chubs (Leucichthys s . . At the

same time, the lamprey, with its supply of lake trout becoming

limited, began praying heavily upon the larger species of chubs.

Subsequent abrupt changes in the deepwater fish fauna of the Great

Lakes resulted (Moffett, 1957; Smith, 1964, 1968) and culminated

with the invasion and population explosion of a marine species, the

alewife, _A_l_o_s:_ pseudoharengug. According to Smith, (1968) the

Great Lakes had reached a state of biological instability by the

mid-1960's that is almost unparalleled in the history of fishery

science.

Attempts to restore a useful fishery balance in the upper

Great Lakes have been undertaken and the progress being made is

encouraging. .A massive effort to control the sea lamprey using a

toxicant that selectively destroys sea lamprey larvae in tributary

streams has met with good success. A State and Federal restoration

program of re-establishing predatory species in Lake Michigan was

begun in 1965 with the planting of 1.3 million fin-clipped yearling

lake trout. This has been increased to over 2 million annually and



will be continued until natural reproductionis ra-established. In

addition to the lake trout, plantings of steelhead trout. (£193

gairdnerii) have been increased and coho (Oncogynchus kisutch)

and chinook salmon (0ncorhynchus tshawytscha) have been introduced

from the west coast.

Following the reintroduction of lake trout in Lake Michigan,

research is needed to learn something of their habits and to appraise

the success .of the stocking program. A study of the feeding habits

has been completed by Wright (1968). The objectives of the present

study were to: 1) determine hathymetric distribution of planted

lake trout; 2) gain knowledge of the movement or dispersal patterns

during their first three years in the lake; and 3) estinte and

compare the growth rates to those of juvenile lake trout in Lake

Michigan previous to the population decline.



MATERIALS AND METHOIB

Statistical Districts

For convenience and standardization in tabulation of fishery

data, the Great Lakes and related waters have been subdivided into

statistical districts (Smith, Duettner, and.Rile. 1961). Districts

for Lake Michigan and Green Day are shown in Figure l. The author

has conformed to these boundaries throughout this study. However,

certain of the statistical districts have been grouped into general

lake regions closely comparable to areas as described by Cable (1956).

Three general regions'were formed and are defined as follows:

Upper Lake Michigan . . . The area included within Statistical

Districts 1.! 1 through a: 5, inclusive.

Lower Lake Michigan . . . The area included‘within Statistical

Districts in 6 through ll! 8, inclusive.

Wisconsin Waters. . . . . The entire area‘within Wisconsin

state boundaries of Lake Michigan,

In! 1 through WM 6, inclusive.

Indiana and Illinois districts were not included in this study

because data was not available from these waters.

Release of Marked Lake Trout

Planting of hatchery-reared lake trout into the Great Lakes

has been conducted under the direction of the Great Lakes Fishery
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Figure 1. Statistical districts of Lake Michigan
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Comission. Pertinent data on the marking and release of the young

lake trout are shown in Table 1 for the years of 1965, 1966, and

1967. The number of lake trout released during these three years

totaled 5,415,108.

Marking was accomplished by removal of fins. A study by

Shatter (1951) has indicated that this method does not seriously

affect the survival or growth of lake trout. Mo clips were repeated

in consecutive years and, in most cases, plantings of individual

clips were restricted to localised areas of the lake.

Collection of Data

The data for this study were collected through the efforts of

the Michigan and Wisconsin Conservation Departments and loaned to

the author for analysis. Data analyzed were for the two-year period

from January 1, 1966 through December 31, 1967.

The majority of the lake trout recovery information came from

the co-aercial fishery as voluntary reports to the Conservation

Departments, or from either dock or oaboard inspections by Department

Personnel of co—ercial fish catches. Each licensed fisherman has"

been required to submit to the Department of Conservation a weekly

report of incidental catches of lake trout in his gear, since

season closure, October 1, 1965. Although the fishermen were allowed

to keep legal sired lake trout which died in the nets, all live or

sublegal (<17.0 inches) lake trout were to be returned to the water.
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‘rhe rsnsinder of the lake trout samples were obtained directly

by the Conservation Department through experimental gill netting

and trawling.

Gear used by the conercial fishery consisted of gill nets,

trap nets, pound nets and trawls. Gill net sizes ranged from 2.5 to

5.0-inch nesh and were set prinarily for the Great Lakes bloater

(Leucichthyg hoyi) and the Great Lakes whitefish (Cot-gonna

clupesforni_). In Lake Michigan, the niuinun legal nesh'size of

gill nets set for whitefish is It 1/2 inches (stretched neasure).

This was the nost co-only used size. although sons ls 9/16 and 4 3”.

inch nesh nets occasionally were fished. the gill nets used in the

chub fishery are linited fron 2 1/2 to 2 3/6 inch stretched nessure.

Because the sash size used for these two species are quite standard,

the data are generally categorized as large nesh (2 4 1/2 inch

stretched neasure) or snsll nesh (< lo 1/2 inch stretched nessure)

gill nets. Iqounhent gear (trap nets and pound nets) was used

alnost exclusively for taking of whitefish, while trawls were used

for the co—srcial harvest of alewife and chubs.

Depart-ental gill nets ranged in size fro. 2.0 to 5.5 inches (stretched

nessure). ‘l’he uperinentsl trawling was executed with a 39-foot

otter trawl.

Each lake trout cath was neasursd (total length in inches) and

examined for fin-clips and lsnprey scars. When possible. fish were
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also weighed and sexed. Scale sanples were taken from a representa-

tive size range of the population. In addition, the anount of gear

fished. and the location and depth of the set were recorded for each

lift.

Analysis of Data

Specific analyses used are described in detail in each of the

appropriate sections. The large anount of data available for this

study made the aid of a computer a necessity. The co-puter syste-

was a Control Data Corporation (one) 3600. available through the

Counter Science Center, Michigan State University. In addition to

standard pre-written coquter progress used, several new prograns had

to be developed specifically for this study. Progran source decks

can be nade available by request to the author or to the Department

of Fisheries and Wildlife. liichigan State University, East Lansing,

Michigan.
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GEAR SELECTIVITY

Gonercial catch records provide a. basis for deter-ining the

size frequency of lake trout taken by general gear types. The

length distributions of 20,551 lake trout caught in large nesh gill

nets. snall nesh gill nets, trawls. and trap and pound nets are given

in table 2, and the percentage distributions are shown in Figure 2.

Figure 2 clearly suggests a size specific selectivity of the

four gear classifications. The indication is that planted lake

trout of yearling size first beco-e vulnerable to the trawl fishery,

then to snail-nesh gill nets. large-nesh gill nets, and lastly,

inpounhent gear. The average lengths at capture for age groups I.

II and III were found to be 7.9. 11.3, and 15.7 inches. respectively.

These averages coincide almost perfectly with the peaks of the catch

distribution curves for trawls. snsll-nesh gill nets, 'and large-nesh

gill nets. indicating a probable corresponding age selectivity for

these three gears. Inoundnent gear. on the other hand, shows an

apparent selectivity for the largest fish of the population, in

that the average size of fish reported was approxinately 2 inches

greater than the average length of age group III fish. The larger

size of lake trout reported in trap and pound nets my be due largely

to the fact that inpoundnent gear does not generally hill the entrapped

fish. and consequently nost sublegal sized fish are returned to the

“t0! .
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Figure 2.

16

Percentage length distribution of lake trout caught

in large mesh gill nets (dotted line ......), snsll

'nesh gill nets (dashed line -----). trawls (solid

line ), and inpoundnent gear (dash-dot -.-.-.).
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BAIEIHEIRIC DISTRIBUTION

Because researchers generally lack the vessels and gear for

the large scale fishing which is required to study bathymetric

distribution, few studies on this important aspect of a fish's

life history have been undertaken.

In the absence of adequate experimental gear, the author felt

that extensive data from a commercial fishery could be useful in

studying the depth distribution of a species such as the lake trout

which is not open to the fishery but which occupies the ranges of

other species which are being exploited, the whitefish and chubs.

Reports from the commercial fishermen which contained no lake

trout were not available to the author and so were ignored in the

analyses. Consequently, because of the incomplete records of

fishing pressure, values pertaining to catch per unit effort (CPI)

were modified to "catch per unit of effective effort" as described

in Kile (1962). lile supports the use of effective fishing effort

for fisheries in‘which most nets are set with the intent and expects-

tion of taking several species simultaneously. By lile's definition,

all the gear lifted by a fisherman on a particular day is charged to

a species if that species is found present in any amount. The author

felt that, in the Great Lakes where no effort was being exerted

directly toward the taking of juvenile lake trout (they were

taken incidentally in gear set for other species), the use of "catch

18
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per unit of effective effort" is justifiable and would provide the

best possible estimate which could be made with incomplete records

of fishing pressure.

The units of effort used in computation of effective CFE values

throughout this paper conform to those described by 11116 (1962).

One unit of effort is defined for each of the following genre as:

Gill nets. . . . . The lift of 1,000 linear feet of gill 7

netting.

Imounchedt gear (pound nets and trap nets) . . . . .

The lift of one net.

Trawls. . . . . . One hour of actual dragging.

Table 3 presents the data on hathymetric distribution for

18,342 young lake trout (age groups I, II, and III) captured in

Lake nichigan during 1966 and 1967. Effort has been limited to that

effort exerted by gill nets. Data from large and small-mesh gill nets

have been combined to provide the widest possible range in depths

from which samples were obtained. The depth of water to which the

nets were assigned was determined by the mean of the depths at the

end of each gang. Catches are grouped by lO-fathom intervals, from

0 to 79 fathoms.

Because lilo (1962) reported that the length of time nets are

fished does not significantly affect catch per unit effort, the time

factor was not adjusted for in this study. Data from the three
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regions of the lake were combined but were segregated according to

season in order to show any seasonal changes in the depth distribu-

_tion.

The greatest concentration of young lake trout occurred at

the depth of 20-29 fathoms during the spring, summer, and fall

seasons. There is some indication.that the trout move to deeper

water in the winter months with the highest concentration at 40-49

fathoms during that period. Lake trout were captured over the

widest range of depths during the spring (0-79 fathoms).

With seasons combined, the data show that the lake trout, on an

annual basis, are found in greatest concentrations at the 20-29

fathom interval and that there were also more at 30-39 fathoms than

at 10-19.

The present depth distribution appears to differ somewhat from

the distribution that had been described by Van.0osten and Fschmeyer

(1956) for young native lake trout of the early 1930's. Their study,

based on data collected aboard the Bureau of Commercial Fisheries

research vessel £21535 during 1930-32, showed the greatest concentra-

tion of small lake trout (mostly 12-15 inches) at depths of 40-59

fathoms for the southern end of Lake Michigan below a line from

”enemiisconsin to Frankfort, Michigan. Above this line, along

the north and northeast shores, the greatest abundance was found

to be at 30-39 fathoms.
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The results of the present study are more closely comparable to

those of Dryer (1966) for lake trout in the Apostle Island region of

Lake Superior and to the depth distribution of age group I and II

lake trout along the southern shore of Lake Superior as reported

by Sect-eyer (1956) where the trout were shown to be most plentiful

at 20-34 fathoms.

Data were analyzed according to depth for 1,548 lake trout

which had been sexed. Although males outnumbered females for all

but one of the depth intervals, 12 values with at - .01 (Siegel,

1956) indicated that the differences were not significant; males

and females apparently have the same depth distribution. Consider-

ing that the entire sample was composed of hamsters fish, there is

probably no biological reason for any differences to occur.



GENRAPEICAL MOVEMENTS

Just as knowledge of bathynetric distribution of planted lake

trout is important for evaluation and'wise management during a

rehabilitation program, so is an understanding of the lake trout's

dispersal or geographic movement patterns. The extent and direction

of movaent away from a planting site will aid in determining where

future plants are to be made. Such knowledge is also necessary in

estimation of survival of the various plants.

chha, Dryer, and King (1965) presented extensive data on the

‘movements of hatchery-reared lake trout in Lake Superior. lo

comparable study has been made for Lake lichigan.

The present study of movement is based upon 20,642 lake trout

recaptured in 1965-1967. Figure 3 shows the areas from which samples

of lake trout were obtained. No recaptures of lake trout planted

in 1967 were reported, thus limiting the study to recoveries of the

1965 and 1966 plants (for specific planting information, refer to

Table 1, pages 8-11).

One direct method of showing where fish move is by total returns,

from the various sampling areas, of marked fish planted in a single

area. Tables 4 and 5 give the localities and umber of recoveries

by fin-clip and statistical district for the 20,576 lake trout

captures in 1966 and 1967. Only 66 recoveries were made in 1965,

the year the stocking program began.

23
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Figure 3. Areas of Lake Michigan from which samples were

obtained, 1965-1967.
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Variations in fishing intensity and the rates of love-

'nent and survival deter-inc hov'nany fish actually are recovered from

the different areas. A measure of relative abundance. comparable

in all sampling areas, is needed. Catch per unit of effort values,

computed for fish recaptured from a given planting that had been at

liberty the sane number of years, provide such a measure (Pycha, et

al., 1965). or: values were not used in the present study, however,

because effort was too low in the aajority of the sampling areas to

provide reliable results and because lake trout were taken only as

incidental catches in nets set for other species.

Bearing in eind that differential fishing intensity and fish

survival among areas will have an effect upon the total nuebers

caught, total catch data alone can still be suggestive of trends

of noveaent. Figures 4-12 show the locations of all returns and

probable directions of aovenent for each of nine fin-clip designa-

'tions.

Percentages of the recaptures according to statistical

district for each of the fin-clips‘vere coeputed and are presented

in.Tables 6 and 7.

"LN” Clip - lorth Shore Plant

Yearling lake trout having the "LV" (left ventral) clip were

released from three locations along the north shore in 1965. The

total nuaber planted.aannnted to 866,778, representing the largest
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planting of any fin-clip. Returns from this plant have been extremely

high with 41 recoveries in 1965, 1,868 in 1966, and 13,962 in

1967.

Although distribution of the recaptures (Figure lo; Tables 6-7)

indicate that the majority of returns came within the general area

of planting, a small percentage of the fish have shown extensive

movaent. The fact that m 3 received the greatest fishing intensity

of any area in Lake Michigan could significantly bias estimates of

relative abundance based solely upon returns for the various sampling

areas.

Fish of this clip have been recaptured throughout Grand Traverse

Bay and all along the eastern shoreline as far south as Benton Harbor.

0n the western shoreline, the LV clip was recaptured as far south as

Hilwaukee. Returns from Green Bay show a substantial amount of

move-lent also into that area.

”U' Clip - Reef and Island Area

The "17' (dorsal) clip was represented by a single plant of

102,000 lake trout released from a ferry off the eastern shore of

Beaver Island in 1965. As with the returns from the north shore

plant, the majority of the recaptures came within an 3 (Figure 5;

Tables 6 and 7) . The fish became well distributed throughout the

district. Some moved southward and infiltrated into both arms of

Grand Traverse Bay. Still others moved further south along the Michigan

-.
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Figure 4. Localities and number of returns of hatchery-reared

lake trout having the "IN" clip. Black circles

are planting localities and open rectangles give

the amber of fish caught in each area; arrows indicate

probable direction of move-ant.
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Figure 5.

34

Localities and amber of returns of hatchery-

reared lake trout having the “1" clip. Black

circles are planting localities and open rectanglu

give the number of fish caught in each area; arrows

indicate probable direction of movanent.
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shoreline as far as Muskegon. westward movement appeared to be less

extensive with only nine recoveries within Wisconsin waters. These

were taken as far south as Algoma. Five recoveries were made in

1965, the year of planting. Two of these had traveled outside the

Hi 3 boundary into In 5. V

1'31” Clip - Grand Traverse Bay

The "RV" (right ventral) clip was represented by 100,500 lake

trout planted in the west are of Grand Traverse Bay in 1965 (Figure 6).

Twelve recoveries were made in 1965, all within Grand Traverse Day.

In 1966, 79.55 per cent of the recaptures were within Grand Traverse

Day. With the exception of a single recovery in Wisconsin waters

(Table 4) the rush“: were taken southward along the Flichigan

shoreline to just below 'nolland. Although in 1967, the number recaptured

within Grand Traverse Bay had increased to 90.5 per cent, there were

recoveries reported within every statistical district in nichigan waters.

"RP" Clip - Hultiple Locations

The "IF" (right pectoral) clip, was represented by 790,000 late

trout released in 1966 from eight locations. Apparently there was

very little movuent into Wisconsin waters. leceuse these planting

sites ranged over a widely scattered area (Figure 7) , very little

else can be said about the dispersal patterns.

1”“ Clip - Ludigton

The "ID-RV" (dorsal and right ventral) clip was represented

by 164,990 lake trout planted from a ferry three to five miles



Figure 6.

37

Localities and amber of returns of hatchery-

reared lake trout having the "RV" clip. Flack

circles are planting localities and open rectangles

give the masher of fish caught in each area; arrows

indicate probable direction of moment.



lmfilfiflfiUflu

W

 

MICH. ,

was.

I]

3131303411333". .‘ _I_l

GREEN I

BAY , ARCADIA

Big Sable ?t.

PORT .HEI '13 LAKE

HASHI NGTON

MILWAUKEE " _
1h .

aIIOIMLlIID

[El

WIS __

Ill.

__3wmu

HARFOR

CHICAGOifl

 

..._..___ ______MICH.

IND.

 



Figure 7.
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Localities and number of returns of hatchery-

reared lake trout having the "RP" clip. Black

circles are planting localities and open rectangles

give the number of fish caught in each area; arrows

indicate probable direction of movement.
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southwest of Ludington. How-seats show a trend of even dispersal

both north and south along the shore (Figure 8). 0f the total

recaptures for the two years combined, 29.8 per cent were recovered

in statistical districts north of ll! 6 while 22.6 per cent were

taken south of ll! 6. The difference may be due only to differential

fishing intensity.

'fl' Clip - Hilwaukee Reef

The "IV" (both ventrals) clip was represented by a plant of

201,530 yearling lake trout released in 1966 frm a ferry in mid-

lake near the interstate boundary (Figure 9). Fishing pressure in

the area of planting was slight. Only 51 recoveries of this clip

were reported. The principal movement out of the area was east-

ward and then northward along the hichigan shoreline. Io recoveries

were reported in Visconsin waters.

"Ad" Clip - Mr Peninsula and Kewapge

The ”Ad" (adipose) clip was represented by 204,600 lake trout

released in 1965 from two Wisconsin locations. Fish from these

plantingsiwere recaptured in every district sampled with exception

of In! 1 and we 6. The majority of the recaptures were in the

vicinity of the two planting sites. Figure 10 indicates that move-

ment was probably in both directions - north into liichigaa waters

and Green Day, and south along the Wisconsin shore.
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Localities and nudnr of returns of hatchery-

reared lake trout having the "Ii-RV“ clip. Ilack

circles are planting localities and open rectangles

give the number of fish caught in each area; arrows

indicate probable direction of movmnent.
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Figure 9. Localities and ader of return of hatchery-

reared lake trout having the "IV" clip. Black

circles are planting localitiea and open rectangles

give the number of fish caught in each area; arrows

indicate probable direction of love-cut.
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Localities and amber of returns of hatchery-

reared lake trout having the "Ad" clip. Black

circles are planting localities and open rectangles

give the nufler of fish caught in each area; arrows

indicate probable direction of nov-ent.
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"LP“ Clip - Door Peninsula andlgwaunee

The "LP" (left pectoral) clip was represented by 369,100 lake

trout released in 1966 from two sites along the Door Peninsula

and a third site at Kewamee, Wisconsin (Figure 11). Distribution

of recoveries was very sinilar to lake trout having the "Ad" clip.

The najority of ssnples were recovered in the localities of the

planting sites. A few fish had noved into liichigan waters, apparently

following the shoreline around both ends of the lake. In contrast

to the "Ad" clip, very few fish of this group dispersed into waters

of Green Bay. ‘

MW Clip - Green g;

The "D—LV" (dorsal-left ventral) clip was represented by 190,300

yearing lake trout released in Green Bay in 1966. Recovery data

from this plant indicate a northward trend of luv-lent, with the

majority of recaptures made within ll! 1. Snell numbers noved along

the northern shore into Hichigan waters (Figure 12).

There was little evidence that the lake trout noved southward

along the Wisconsin shoreline. In general, dispersal appeared to be

slight, with only 16 recoveries outside of Green Bay waters.

Discussion of Hove-ants

Previous documentation of lake trout novuent patterns in Lake

Hichigan is linited. A study by Snith and Van Oosten (1940) , based

on 1416 tagged native lake trout averaging 12.8 inches, indicated



Figure 11.
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Localities and nunber of returns of hatchery-

reared lake trout having the ”LP“ clip. Black

circles are planting localities and open rectangles

give the nunber of fish caught in each area; arrows

indicate probable direction of nova-ant.



50

11.110171 13.-ac

Bridge

909
D

\

MICH_

WIS.

‘

n

1131101211125:

MESH
‘\

/'
Egg;

1
.

n.
-1P%}__

611-11311 fffifl

BAY

 

1.

E]

PORT
211-1111;: 1.11;.)-

WASHINGTON

1111111111131» .,

II]

e 110111111)

H l h

E] g. 133111-011

HARBOR

CHICAGO E

311.
--—— --._*fi.LC.H_. '_

mo. “'—



Figure 12.

51

Localities and nunbers of returns of hatchery-

reared lake trout having the ”D-LV" clip. Black

circles are planting localities and open rectangles

give the number of fish caught in each area; arrows

indicate probable direction of novenent.
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that after one year of liberty 73 per cent of the recaptures'were

still within 25 stiles of the release site. In the present study, the

najority'of'innature‘hatchery-reared lake trout appear to have

renained in the general areas of release even after three years

at liberty. However, novenent which did occur away fron1planting

sites was very extensive with distances as great as 290 niles between

point of release and point of recapture.

levenent away from planting sites tends to be a gradual

dispersal in directions along preferred depth contours; nova-ant

to offshore waters was linited. The one case where offshore nove—

nent was exhibited‘was the north shore plant (an 3) which showed

dispersal to nearly all areas within the district, both along the

shore and offshore. Illature lake trout tend to inhabit water depths

of 10-50 fathoms (range of greatest abundance: 20-29 fathons); they

were seldon taken in depths greater than so fathons (mm 3,

page 20). Water depth in m 3 is relatively shallow (approxinately

90 per cent of the area is less than 40 fathoms), whereas the majority

of the other districts have depths of 10-50 fathoms only near the

shore. chha, et al., (1965) found concentrations of planted lake

trout in Lake Superior also linited to the areas along the shoreline

or at least in waters of less than 50 fathoms. It appears that

depth preferences are.inportaat in geographic distribution.

The contribution of Michigan planted trout to‘flisconsin's total

catch appears to be substantial, accounting for 36.5 per cent of
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Wisconsin's total recaptures. Wisconsin releases nade a lesser

contribution to the total catch of fish within Michigan waters

amounting to only 2.0 per cent. Total recaptures were nuch greater

in Michigan waters, however. The total releases in Hichigan waters

were 2,226,698 during 1965 and 1966 while only 764,000 were released

in Wisconsin.



SIZE Arm

‘With information about the fin-clip and the date of recapture,

each fish can be assigned to an age group. Table 8 presents the

length distribution by age groups for 20,015 recaptured lake trout

having fin-clips that corresponded to specific plantings during

1965 and 1966.

Each age group represents fish of a wide range of lengths.

This wide range can be largely explained by the sampling season

being extended throughout the year of growth. Gene of the extremely

large fish assigned to age groups I and II say be the result of

recaptures of marked fish from a few experinental plants made during

the years of 1960-1962. LV, IV, LF, and RF are clips which had been

used in these earlier plants and duplicated in either 1965 or 1966.

The analysis was executed by a computer program‘with no neans of '

detecting and eliminating these larger fish.

Because of errors in reporting, and occasional mic-clipping in

the hatcheries, one would not expect this nethod of assigning ages

to fish to be completely accurate. However, the extreme values

should not significantly bias average lengths at time of capture

for the individual age groups.

The average lengths for age groups I, II, and III were 7.93

inches, 11.28 inches, and 15.68 inches showing increments of 3.35

and 4.40 inches for the second and third years, respectively. These

55
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Table 8. Length distribution of the age groups of

marked lake trout recaptured in Lake Michigan,

1966 and 1967.

 

 

 

 

Total Age Group1

Length

(inches)

I II III Totals

- 5.9 26 l 27

— 6.9 154 12 166

— 7.9 219 53 2 274

- 8.9 142 161 2 305

9.9 93 335 10 488

10.9 79 762 33 874

11.9 49 1083 110 1242

12.9 11 731 319 1061

13.9 9 461 66 1436

14.9 7 287 2017 2311

15.9 1 148 3352 3501

16.9 1 55 3457 3513

17.9 33 2428 2461

18.9 18 1341 1359

19.9 2 6 628 636

29.9 4 250 254

21.9 2 83 85

22.9 11 11

23.9 6 6

24.9 1 1

25.9 2 2

26.9 1 1

27.9 1 1

Totals 796 4203 15016 20015

 

1 Some of the extreme values for age grOUps I and II may

be the result of recaptures of marked fish of experimental

plants of 1960—1962. LV, RV, LP, and RP are clips which

had been used in these earlier releases.
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there-eats calipers quite closely to values to be brought out in e

1ster discussion of computed growth.



Gm

Cable (1956) confirmed the validity of the reading of annuli

on scales as a method of aging lake trout. As a check on the use

or marks on planted lake trout for determining age and for back-

calculations of length, scale samples were collected from 402 lake

trout captured in Hichigen waters of Lake Michigan. These fish

were captured in a variety of gears. 0f the total, 184 (45.8 per cent)

‘were taken in small-mesh gill nets, 141 (35.1 per cent) in largedmesh

gill nets, 66 (16.4 per cent) in trawls, 9 (2.2 per cent), in ne-

pound-eat gears, and 2 (0.5 per cent) in an unknown gear type.

Samples were combined to minimize bias due to gear selectivity and

to provide the widest possible range of lengths.

The total length of each fish was determined to the nearest

0.1 inch. The length composition of the lake trout used in the

growth study is given in Table 9 for each of the five statistical

districts from which samples were obtained.

‘ggdy-Scele Relatigg and Calculation of Growth

The scales for the growth study'were taken from the area below

the origin of the dorsal fin and just above the lateral line. Cellulose

ecetete impressions were made of ell sceles using a scale press of

the type described by Smith (1954) . The impressions were magnified

80! and projected onto a frosted glass screen by an Eberbachwmicro-

projector. Tor each of the scales, the total scale diameter and the

58
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Table 9. Length distribution and area of capture for

402 lake trout from which scale samples were

 

 

 

obtained.

Length Statistical District

Interval

(inches)

MM 3 MM 4 MM 5 MM 7 MM 8 Totals

5.0 - 5.9

6.0 — 6.9 1 l 2

7.0 — 7.9 5 12 17

8.0 - 8.9 l6 16 32

9.0 - 9.9 5 1 20 26

10.0 — 10.9 19 l 4 3 27

11.0 - 11.9 39 4 2 ll 4 60

12.0 - 12.9 25 4 2 7 38

13.0 - 13.9 40 4 5 1 50

14.0 — 14.9 42 2 44

15.0 — 15.9 18 2 20

16.0 - 16.9 18 2 20

17.0 - 17.9 28 28

18.0 — 18.9 21 21

19.0 - 19.9 9 2 11

20.0 — 20.9 2 2 4

21.0 — 21.9 1 1

22.0 - 22.9

23.0 — 23.9 1 1

Totals 288 24 5 28 57 402
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diameters at each of the annuli were measured to the nearest milli-

‘meter along an imaginary line that passed through the focus and

bisected the anterior and posterior fields.

The body-scale relation was determined from the average diameters

of two scales from each of 392 fish. Ten samples (2.5 per cent)

'were discarded because of poorly defined annuli or too few scales.

Van Oosten and Eschmeyer (1956) and Cable (1956) supported

the use of scale diameters rather than scale radii for lake trout

growth calculations. Van Oosten and.Bschmeyer state that lengths

computed from radial measurmaeus have been found to be too low in

nearly all species of fish. In addition, diameters tend to be less

variable than either the anterior or posterior radii (Van Oosten,

1929).

Rahrer (1967), also using scale diameters rather than scale

radii, found the body-scale relationship for lake trout in Lake

Superior to be curvilinear. The least-squares technique showed the

relationship in the present study to be more strongly linear than

curvilinear with simple correlation coefficients of 0.9278 and 0.9095,

respectively. The linear equation describing the.means of magnified

scale diameters to the total body length was found to be:

L - 0.538 + 0.0788 8

where L is total length in inches, 8 is the magnified scale diameter

in millimeters, 0.0788 is the slope of the regression, and 0.538

is the y-intercept value.
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Back-calculated lengths were derived from the direct proportion

equation:

L' - c +'g': (L-C)

where L' equals the body length when annulus x was foamed, 3'

is the field within annulus x, s is the total scale diameter, L is

the body length at capture, and c is the y-intercept (alpha) from

the total length-scale diameter equation above.

The average lengths at capture and back-calculated lengths for

age groups I, II, and III (year classes combined) are shown in

Table 10. Growth data were analysed separately for the upper and

lower regions of Lake Michigan; computations were also made with all

samples combined. The upper region is represented by samples from

Statistical Districts w 3, ll! 4, and Ill 5. The lower region had

fish fraa ill 7 and m 8.

lots that calculated lengths for age groups I and II from.the

lower region‘were considerably smaller than corresponding lengths

for the upper region. These differences may be a result of gear

selectivity rather than actual differences in growth rates. As

evidence of this, one would expect the length at the end of the first

year of life to be approximately the same for both regions as a

result of nearly identical rearing histories prior to planting.

Because no age group III fish were represented in samples free the

lower region, no comparisons of growth histories can be made between

the two regions for this age group.
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The data show that with all samples combined, the calculated

lengths for a particular year of life become progressively higher

'with increasing age. Such an occurrence is the inverse of what is

consonly described as "Lee's phenomenon." Back-calculated lengths

computed by Cable (1956) showed decreasing values with increasing

age (Lee's phenomenon) for age groups III to VI. This was explained

to be the result of selective mortality for the larger individuals

by both the sea lamprey and the co-erciel fishery. In contrast,

age groups I, II, and III in the present study are not being subjected

greatly to either of these selective factors' because they are still

too small for heavy lamprey predation and are not being exploited

by the fishery. The inverse of Lee's phenomenon, then, might be

exhibited in these samples because of selectivity by gears. The

majority of age group I fish were obtained by trawls while groups

II and III fish were captured in gill nets (refer to earlier section

for the selective action of these gears). Gill nets would tend to

select for faster growing fish of these lower age groups than do

trawls.

In view of the above factors, the author believed the best

overall estimate of growth rate for juvenile planted lake trout to

be the mean increments of growth for each year of life as are given

in the lower portion of Table 10. This method shows the mean annual

incraents of growth for the first three years of life to be 6.43,

3.91, and 4.00 inches. Cable (1956) reported increments of 5.9,

2.8, and 2.5 inches for age groups I, II, and III while Van Oosten
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and Eschmeyer's (1956) data indicated corresponding values of 3.4,

3.7, and 3.0. Fish studies by Cable were principally recoveries

fromxplantings of hatchery-reared fingerlings; data from‘Van Oosten

and Bschmeyer were for native lake trout.

The mean lengths at the end of successive years of growth‘were

obtained by the summation of mean calcuaated increments of length.

Table 11 compares the mean lengths of the present study to those of

Cable and Van,Oosten and Eschmeyer. For areas combined, lengths

'were greater for each year of life during the present study then for

either of the previous reports (for a graphic illustration of this

comparison, see Figure 13) .

The increased rate of growth exhibited by lake trout of the

present study over growth rates in the 1920's and 1940's may reflect

an advantage attained by the longer period of hatchery growth and

the subsequent increased length at age I. This advantage obviously-

carries over into later years as is evidenced by the differences at

age III.

‘Hhile the differences in length at age I can be explained by

hatchery growth, the increased increments of growth for the second

and third years shown by the current study over previous periods may

be due partially to other factors. Low lake trout population levels

during the present study period could result in less intraspecific

competition than occurred during earlier periods before the decline
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Table 11. Growth of lake trout for northern Lake Michigan,

southern Lake Michigan, and areas combined. All

values are from grand average increments based

on calculated lengths at the end of the indicated

years of life.

 

 

 

Year Total Length (inches) from

Area and Author Classes Summation of Increments

l 2 3

Northern L. Michigan

Cable (1956) MM 4-6 '44-'46 6.9 10.0 12.8

Hesse (present report)

MM 3, 4, and 5 '64—'66 6.8 10.7 14.7

Southern L. Michigan

Cable (1956) MM 7—8 '44—'46 5.6 8.8 12.1

Hesse (present report)

MM 7—8 '64—'66 5.8 9.2

All Areas

Van Oosten and

Eschmeyer (1956) '22—'30 3.4 7.1 10.1

Cable (1956) MM 4—8 '44—'46 5.9 8.7 11.2

Hesse (present report)

MM 3, 4, 5, 7, and 8 '64—'66 6.4 10.3 14.3
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Figure 13. Calculated growth in length (from su-nation

of increments) for the present study (dash-dot

line), from Cable (1956) (solid line), and from

Vanloosten and Eschmeyer (1956) (dashed line).
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of the stocks. Other drastic ecological changes which have taken

place in Lake Michigan such as the severe changes in species composi-

tion (Smith, 1968) undoubtedly affect present lake trout growth.



LENGTH-WEIGHT RELATION

Data on both length and weight were obtained for a total of

2,253 lake trout over the period of study. These samples were

collected with a variety of gear types and include recaptures during

each of the seasons. Lengths and weights were taken by Department

personnel either during on-board and dock inspections of commercial

fishing vessels or were obtained after the samples had been brought

to the laboratory.

The equation used to express the lengthaweight relation in

fishes is:

Logldw - Logloc + a L°810L

where‘fl is weight in ounces, L is total length in inches, c is the

y-intercept, and n is the slope of the regression.

Equations describing the relationship for the three general

lake regions of. Lake Michigan and for the total sample are presented

in Table 12.

The equation found for the upper Lake‘Michigan sample compared

very closely to the equation reported by Cable (1956) for a sample

of 1,197 planted lake trout from northern Lake'Michigan:

Logldw - -2.4698 + 3.1125 LogloL

The study by Cable was of planted fish of year classes 1944, 1945

and 1946. Recoveries of these plantings were made between the years

of 1947 and 1952, a period characterised by the crash of the lake

69
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trout stocks in Lake Michigan.

An earlier study by Escbeyer and Van Oosten (1956) provides

an estimate of the relationship during the pre-lamprey period.

Data for the study were from lake trout collected during the years

of 1930-32. The resulting equation was as follows:

Loglofl - -5.4652 + 3.1377 LogloL

where W is weight in grams, and L is total length in millimeters.

Samples were collected from extensive regions of Lake Michigan.

Figure 14 shows a comparison of the above relationship to the relation-

ship presented in the current study for regions combined. The

curves indicate that the lake trout planted in Lake Michigan since

1965 are more robust throughout the length range sampled than the

native lake trout of the earlier study of Van Oosten and Eschmeyer.

The relationships for the three lake regions in the present

study show a marked difference between fish collected in Michigan

waters as compared to fish from Wisconsin waters of Lake Michigan.

late that the value of "n" is greater than 3 for sampled from the

upper and lower regions, indicating that these fish became progressively

more robust with increase in length. The Wisconsin sample, on the

other hand, has an "a" value of 2.8224. This shows that these lake

trout are neither as robust as lake trout of the other two regions

nor do they conform to the "cube law." ,The differences may result

from the smaller sample size (54 observations) from which the relation-

ship was computed for the Wisconsin region. Further study is



Figure 14.

72

Lengthdweight relations of lake trout of Lake

Michigan. The solid line represents the relation

presented in the present study for regions

combined:

Logldw - -2.4007 + 3.1309 LogloL

The dots about that line show the empirical

weights. The dashed line describes the relation

presented by Van Oosten and Fschmeyer (1956):

L0810w - -5.4652 + 3.1377 LogloL

(The upper equation was based on length in

inches and weight in ounces; the second equation

was in millimeters and grams.)
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necessary to determine more specific explanations for the differences.

Smith (1956) points out that the relation between length and.weight

in a population can vary with respect to sex, season, method of

capture, and year of capture. In order to segregate the data

according to all of these variables, much larger sample sizes would

be necessary.



PREDIJIOI I! SEA LAHPREYS

Predation by the sea lamprey, Petrogyson.marinus, was one of
 

the primary causes of the decline of the lake trout fishery in

the 1940's. In order to evaluate the success of the lamprey control

program which began in Lake Michigan in 1960, close attention has

been giveh to the incidence of lamprey scarring in all samples of

lake trout since their reintroduction in 1965.

Tables 13a, 13b, and 13c summarise the lamprey wounding rates

for 20,541 lake trout collected during 1966 and 1967. The data are

presented according to total length of fish (l-inch intervals) for

each year by regions of the lake. No attempt was made to distinguish

between fresh and old scars.

Records from upper Lake Michigan showed the heaviest scarring

rates of the three lake regions for both years, with overall rate

of 1.4 per cent in 1966 and 4.5 per cent in 1967. In each of these

years there appeared to be a gradual increase in the rate of scarring

'with an increase in the length of the fish. In 1966, however, lake

trout as small as 9.0 inches showed lamprey scars, while in 1967, no

scarring was reported on fish less than 11.0 inches. The average

size of lake trout present in the lake in 1966 was less than in

1967, thus possibly indicating that the lampreys only attack the

smaller individuals when there is an absence or shortage of larger

lake trout.
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Although the sample size was small for each of the years in

lower Lake Michigan, scarring appeared to be very light. The overall

scarring rate was 0.7 per cent in 1966 and 0.0 in 1967. However,

the average size of fish captured was also considerably less than

in the upper region.

Data from Wisconsin waters of Lake Michigan also indicated

very light scarring in 1966 and 1967, with 1.0 and 1.6 per cent,

respectively. In 1966, no lake trout smaller than 13.0 inches bore

lamprey scars, and in 1967, no scars were reported on trout smaller

than 15.0 inches. For the larger sised fish, however, scarring rates

were quite comparable to rates for the one length intervals reported

for the upper region.

Combining the lake regions and years, sublegal sised lake trout

(<17.0 inches) showed a scarring rate of 3.0 per cent, while legal

sised trout had a rate of 6.3 per cent. According to Crowe (pers.

co-s.), the scarring rate of the legal-sised lake trout at the time

of the population crash was approximately 25-30 per cent. Ivan

though the present data indicate a scarring rate much lower than

this, no definite conclusions can be drawn as to the effectiveness

of the lamprey control program in Lake Michigan until more of the

fish reach a size which is vulnerable to predation.





SWY AND CONCLUSIWS

The study was based upon recoveries of 20,642 juvenile lake

trout during 1965 through 1967. The majority of the data came from

reports of incidental catches of lake trout in conercial gear set

for other species. Because complete information was not always

available as to type or amount of gear used, depth of recovery,

fin-clip designation, weight, sex, or lamprey scarring data, the total

numbers of fish used in the various analyses differed from one analysis

to another. A sumsary of sample sises is as follows: Gear selectivity,

20,551; hathymetric distribution, 18,342; Geographic mow-sent,

20,642; Sise at capture by age group, 20,015; lack-calculated growth,

402; Length-weight relation, 2,253; Predation by sea lampreys, 20,541.

1. The sise frequency distributions of incidental catches of

lake trout in four co-ercial gear types show a definite sise

specific selectivity. manhunt gears took the largest lake trout;

large-mesh gill nets, small-mesh gill nets, and trawls took progressively

smaller fish. There appeared to be a corresponding age selectivity

for the latter three gears.

2. The depth distribution was computed according to season by

lO-fathom intervals based upon effective CF! in co-ercial gill nets.

Lake trout were recaptured throughout a range of 0-79 fathoms. The

greatest concentration during spring, smer, and fell seasons

occurred at 20-29 fathoms. In the winter, the greatest concentration

80
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was at 40-49 fathoms. hathymetric distribution was not significantly

different between males and females (szalues; K- .01).

3. Geographical movmsent away from planting sites was a

gradual dispersal in directions along preferred depth contours

with very little movement to offshore waters. Movement did not

appear to be either clockwise or counterclockwise. The majority

of lake troutremained within the general areas of release even

after three years at liberty. However, mov-Ient which did occur

away from planting sites was very extensive with distances as great

as 290 miles between point of release and point of recapture.

4. Michigan planted trout accounted for 36.5 per cent of

Wisconsin's total recaptures while Wisconsin releases contributed

only 2.0 per cent of the recoveries within Michigan waters. lottevor,

far greater embers of trout have been planted in Michigan waters

than in Wisconsin waters.

5. The length distribution of the age groups I, II, and III

show a wide range within an age group and substantial overlap

between age groups. This was probably due to the combining of samples

over the entire growing season. The averages lengths at capture were

7.93, 11.28, and 15.68 inches for the three age groups.

6. The body length-scale diameter relationship was described

by the linear equation: L - 0.538 + 0.0788 8. This provided the

y-intercept value of 0.538 inches to be. used as the correction factor

in the back-calculation of growth. The mean calculated increments

of growth for the first three years of life were found to be 6.43,
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3.91, and 4.00 inches. Summation of these increments yielded

total back-calculated lengths of 6.43, 10.34, and 14.34 inches.

Compared to growth rates during periods of pro-lamprey and lamprey

abundance, the present growth rate was considerably greater. The

author believes that the increased growth is probably due to a

combination of factors: 1) advantages gained during a longer

hatchery existence, 2) less interspecific and intraspecific competi-

tion than occurred prior to the decline of the lake trout stocks, and

3) to extreme changes in species composition‘within the Great Lakes.

7. A lengthdweight relationship based on samples from upper

Lake Michigan compared closely to a relationship described by

Cable (1956) for lake trout in that area during the 1940's. The

equation based on the entire sample of fish for which length and

weight had been recorded indicated that lake trout planted in Lake

Michigan since 1965 are more robust throughout the length range

sampled than were native lake trout of the 1920's. Fish recaptured

iniMuchigan.waters appeared to be more robust than those from

Wisconsin waters.

8. Incidence of lamprey scarring was slight for all samples.

Sublegal sised lake trout (< 17.0 inches) showed a scarring rate of

3.0 per cent, while legal trout had a rate of 6.3 per cent.

The author wishes to present several inherent problems

researchers encounter when using commercial fisheries data for
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biological analyses:

a. Fishing intensity is not equal among

geographical areas.

b. Sampling is limited to established fishing

grounds of commercial fishermen.

c. Gear types used in the various areas

vary with the species being harvested.

Because of unequal vulnerability to the

different gear types, data becomes difficult

to interpret.

d. use of incidental catch data, such as for

the lake trout, may not be as reliable

as if the species under study was being

specifically sought. Commercial fisherman

fish their gears in areas of greatest

abundance of the particular species they

desire. This may or may not be within the

optimum range of the species taken incidentally.

e. Data reported by lay people may tend to

lack the accuracy, consistency, and

completeness that can be attained by trained

personnel.

Even though the above factors limit the interpretation of

commercial data, the fact that the commercial fishery provides a
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readily available and economical means of sampling extensive areas

far overshadows the negative aspects. 0n the other hand, the

limitations illustrate the need for increased systematic sampling

through the use of well-equipped research vessels.
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