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ABSTRACT

POPULATION DYNAMICS AND EARLY LIFE HISTORY OF MUSKEGON
RIVER WALLEYES

By
Robert Marshall Day

Spawning walleye populations in the Muskegon River
declined from an estimated peak of 139,000 in 1953 to 2500
in 1975. The Michigan Department of Natural Resources
initiated a stocking program in 1978 and the spawning
population has increased to an estimated 43,000 fish in
1986.

Walleyes tagged in the 1940's and 1950's were more
likely to leave the Muskegon River system and ranged farther
than walleyes tagged in 1986-87. Fecundity estimates from
Muskegon walleyes captured in 1986-87 were usually greater
than estimates reported for other populations but were not
statistically different from Muskegon walleyes captured in
1947. Average back calculated lengths and weights of
Muskegon River walleyes were generally larger at each age
than lengths and weights of walleyes from other systems.

Recruitment problems were probably not due to egg
survival or hatching success. Potential impacts of alewife

and gizzard shad on walleye recruitment are also discussed.
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INTRODUCTION

Walleye (Stizostedion vitreum) populations in Lake
Michigan have undergone dramatic changes in the past
century. Spawning runs of walleye in the Muskegon River may
have been unique indicators of the relative size of walleye
populations throughout eastern Lake Michigan because
walleyes from the entire eastern coast of Lake Michigan were
thought to "home" to this river system (Eschmeyer 1950,
Eschmeyer and Crowe 1955, Crowe 1955). The status of this
valuable species has been monitored since the late 1920's
primarily by observing Muskegon River spawning runs.

Schneider and Leach (1979) speculate that historically,
minor populations of walleye were found along the eastern
shore of Lake Michigan often associated with river mouths.
These populations were at a low in the early 1900's possibly
due to the destruction of spawning areas caused by extensive
lumbering operations. Walleye stocks increased in the early
1900's after the Newaygo Dam was built on the Muskegon
River. The dam served to retain sediment bedloads and
improve spawning areas downstream (Schneider and Leach

1979).
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Michigan's Department of Conservation began the Newaygo
transfer in 1923 in an effort to improve walleye fishing in
the upstream impoundments. The goal of the Newaygo transfer
was to capture spawning walleyes below Newaygo Dan and move
them to upstream impoundments. Tags were placed on walleyes
captured during the Newaygo transfer with the primary focus
being to determine movements of walleyes transferred to
upstream impoundments (Eschmeyer and Crowe 1955). However,
anglers returned tags from walleyes recaptured along the
entire east coast of Lake Michigan. Walleyes were captured
as far south as Porter Beach, Indiana (approximately 114
miles [183 km] from the mouth of the Muskegon River) and as
far north as Good Harbor Bay, approximately 85 miles (137
km) from the mouth of the Muskegon River (Eschmeyer and
Crowe 1955). Using this information, Crowe (1955) deduced
that walleyes were homing to the Muskegon River to spawn
then dispersing widely after spawning was completed. He
stated that no walleyes tagged during Muskegon River
spawning runs were ever captured outside of the system
during spawning season and cited recaptures from Muskegon
River spawning runs as indirect evidence for homing to the
Muskegon River spawning grounds.

Schneider and Leach (1979) used the absolute number of
walleyes captured at the Newaygo transfer to track
population trends and determined that walleye populations

fluctuated greatly between the late 1920's and the late
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1950's with the largest spawning run occurring in 1933.
However, Crowe (1955) estimated that peak walleye runs of
114,000 and 139,000 occurred in 1953 and 1954, respectively.

Using commercial fishing records and Newaygo transfer
data, Schneider and Leach (1979) hypothesize that peak
populations were supported by strong year classes that
appeared to have been produced when adult populations were
low and in an approximate 10 year cycle. The spawning
population began to decline after strong year classes
anticipated in the 1950's did not occur. The Newaygo
transfer was discontinued in 1966 due to poor spawning runs
and by 1975 the run was estimated to be 2,500 fish (MDNR,
Fish. Div., unpublished data). During the years of decline,
walleye runs were dominated by larger fish, indicating that
recruitment problems caused by poor survival of eggs, larvae
or juveniles were probably more important to the demise of
the population than was over exploitation or sea lamprey
(Petromyzon marinus) predation (Schneider and Leach 1979).

Schneider and Leach (1979) contend that the most likely
cause of the decline in recruitment was the introduction and

abundance of exotic species. The exotic species of primary

concern was the alewife (Alosa pseudoharengqug), but gizzard
shad (Dorosoma cepedanjum) and smelt (Qsmerus mordax) also

may have contributed to the decline in recruitment.
Schneider and Leach (1979) note that larval walleyes drift

down to rearing areas in Muskegon Lake and that large
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4
populations of alewives inhabit Muskegon Lake from late
spring to early summer. Recruitment was suppressed when
alewvives and to a lesser extend gizzard shad and smelt
preyed upon or competed directly with Young-of-the-Year
(YOY) walleyes.

In 1978 the Michigan Department of Natural Resources
(MDNR) initiated a program to increase spawning stocks of
walleye spawning in the Muskegon River. Adult walleyes were
captured during spawning runs and eggs were stripped,
fertilized and hatched artificially. The larval walleye
were raised in ponds and later planted in the Muskegon
River, Muskegon Lake or other suitable areas around the
state. Since the start of the program the population has
increased substantially although not to the peak levels
reported in the early 1950°'s.

The primary goal of this study was to document any
biological or behavioral differences between present
populations and walleye populations observed in the 1940's
and 1950's. One of the major differences is that the
majority of the adult population remains in the Muskegon
River system for most of the year as opposed to leaving the
river system for Lake Michigan or other tributaries.

Another goal of this project was to evaluate some of
the factors affecting the survival of larval and juvenile
walleyes. A substantial number of larval walleyes was

collected as the larvae drifted down the Muskegon River.
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However, juvenile walleyes were scarce and it seems that
recruitment problems occur after walleyes leave the spawning

areas.

Description of the Area

The Muskegon River flows in a southwesterly direction
from its origin in Higgins and Houghton lakes (Figure 1).
The river is approximately 230 miles (370 km) long and the
average rate of fall is 2.5 feet per mile (0.47 m/km) with
the greatest rate of fall equaling about 4.4 feet per mile
(1.34 m/km) in the 70 miles (113 km) upstream of Newaygo,
Michigan. Until 1969 the Muskegon River flowed through a
series of five impoundments before entering Muskegon Lake,
then Lake Michigan, in Muskegon County, Michigan. The
Newaygo Dam at Newaygo, Michigan was the farthest downstream
impoundment and was 39 miles (63 Km) from the mouth. When
the Newaygo Dam was removed in 1969, Croton Dam, 51 miles
(82 km) from the mouth, became the first impasse to any fish
moving up the river.

The Muskegon River watershed is 2,634 square miles
(6,822 kmﬁ) and is the second largest watershed in Michigan.
Soil types range from well drained sandy soils to poorly
drained mucks but the watershed is dominated by highly
permeable sandy soils. The basin is also characterized by
undisturbed woodlands with more than 65% of the area being

wooded (Wuycheck 1987).
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Figure 1. Location of the Muskegon River and the watershed.
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The Muskegon River splits into the North Branch and
Middle Branch approximately 6.5 miles (10.4 km) upstream of
Muskegon Lake and the South Branch of the Muskegon River
splits from the Middle Branch approximately 2 miles (3.2 km)
upstream of Muskegon Lake (Figure 2). There are extensive
wetlands located between the North and Middle branches of
the Muskegon River and between the Middle and South branches
of the Muskegon River.

Muskegon Lake has a surface area of 4,150 acres (1,680
hectares) and an average and maximum depth of 23 feet (7.1
m) and 69 feet (21 m), respectively The volume of the lake
is 97.5 acre ft (12.03 x 1d7nF) and the mean hydraulic
retention time is about 23 days (U.S.EPA 1975). Muskegon
Lake was classified as hypereutrophic with nuisance algal
blooms and extensive macrophyte growth, before diversion of
industrial and municipal discharges in 1973 (Wuycheck 1987).
Recent water quality data indicate mesotrophic to eutrophic
conditions with dissolved oxygen depletion occurring during
summer stratification (MDNR, Land and Water Mgmt. Div.,

unpublished data).
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MATERIALS AND METHODS

A total of 2,123 adult walleye were tagged and released
at Croton Dam during the spring of 1986 and 1987 as part of
the MDNR egg-take operation. The egg-take is an annual
event conducted by the MDNR to gather walleye eggs for their
hatchery programs. Walleyes spawn primarily within 0.5
miles (0.8 km) of Croton Dam and a boomshocking unit was
used to stun and collect the adults. All gravid females
greater than 4.5 pounds (2.0 kg), and without Lymphocystis
infections were transferred to a holding pond. When the
females were ripe, they were stripped of eggs, tagged and
released into the Muskegon River. Ten to twenty males were
arbitrarily selected each day to fertilize the eggs. The
rest of the adult walleyes were weighed to the nearest 1/10
pound (45 gm), measured to the nearest 1/10 inch (2.5 mm),
tagged with a metal National Brand jaw tag attached to the
lower jaw, and released immediately.

Between March 31 and April 10, 1986, 732 adult walleyes
were tagged and released immediately while 428 adult females
were stripped of eggs before being tagged and released.

From March 30 to April 7, 1987, 549 adult walleyes were

tagged and released immediately and 358 adult females were
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stripped of eggs before being tagged and released. Also, 56
males were tagged and kept for milt before being released.

In 1986 all but twelve of the 1,160 walleyes tagged
were larger than Michigan's 15 inch (38 cm) minimum size
limit. The smallest walleye tagged was a 12.8 inch (32.5
cm), 0.7 pound (0.32 Kg) male while the largest fish tagged
was a 31.2 inch (79.2 cm), 13.0 pound (5.90 Kg) female. The
average length and weight of male walleyes tagged in 1986
was 19.7 inches (50.0 cm) and 3.0 pounds (1.4 Kg) while the
average length and weight of all female walleyes tagged was
25.2 inches (64.0 cm) and 7.1 pounds (3.2 Kg).

In 1987 all but twenty of the 963 walleyes tagged were
larger than 15 inches (38 cm). They ranged in size from a
13.0 inch (33.0 cm), 0.6 pound (1.1 kg) immature fish to a
30.2 inch (76.7), 10.0 pound (4.5 kg) spent female. The
average length of males and females tagged in 1987 was 20.7
inches (52.6 cm), 3.2 pounds (1.5 kg) and 25.4 inches (64.5
cm) and 6.3 pounds (2.9 kg), respectively.

Since the largest walleyes tend to be female and the
largest females usually yield the most eggs, the larger fish
were more actively pursued than smaller fish. Therefore,
the average size of tagged walleyes from both years is
probably not representative of the average male and female
walleyes in the spawning population.

A $3.00 reward was offered for each tag to encourage

anglers to return tags. The program was initiated and
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advertised by MDNR and the Muskegon Sportsfishing
Association. During the 1986 and 1987 walleye seasons,
bulletins were posted at each public access site from Croton
Dam down to and including Muskegon Lake (Appendix 1).
Bulletins were taken to bait and tackle shops, marinas and
to the headquarters of both state parks in the Muskegon
area. Also, bulletins were posted at public access sites
along the Grand and White rivers.

Determination of spawning run sex ratios was not made
for two reasons. First, selecting the largest fish would
bias sex ratio estimates toward females. Second, the
sampling strategy would cause the estimated sex ratio to be
biased by behavioral differences between the sexes. Based
on observations of recaptures of fish tagged earlier in the
spawning run it appears that at Croton Dam the males may
stay on the spawning grounds longer than females possibly
because females tend to spawn in one or two days while males
remain ripe several days longer (Priegel 1970, Eschmeyer
1950). If males remain in the spawning area longer, the
probability of capturing males would be higher than the
probability of capturing females.

Scales were collected from 1,139 walleyes captured in
1986 and from 349 walleyes captured in 1987. A number of
scales were removed with a dull knife from an area above the
lateral line and between the spinous and soft dorsal fins.

The age of each fish was determined by placing the scales on
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a microfiche reader, at 22X magnification, and counting
annuli including the outside edge of the scale.
Measurements were taken from the focus to each annulus on
one scale from each fish. Measurements of the total scale
radius were made on as many as eight scales from each fish
depending on the number of readable scales available. An
average total scale radius was then calculated for each
fish.

In 1986 ovaries were taken from 15 green females and
22 ovaries were collected from walleyes captured in 1987.
These females ranged in size from 28.0 inches (71.1 cm), and
10.7 pounds (4.9 kg) to 19.6 inches (48.5 cm) and 4.1 pounds
(1.9 kg). The ovaries were removed, wrapped in cheesecloth
and preserved in a 15% formaldehyde solution. The total
number of eggs in each pair of ovaries was determined using
a water displacement method described by Brazo (1973).
First the total volume of each pair of ovaries was
determined by measuring the total volume of ovaries and
water and subtracting the known amount of water. Next the
ovarian tissue was separated from the eggs and the volume of
tissue was determined in the same manner. The volume of
ovarian tissue was subtracted from the total volume of the
ovaries so that the net difference equaled the volume of the
eggs. Ovaries from two walleye were then arbitrarily
selected and egg counts were made on ten, 1.0 ml and 5.0 ml

aliquots from each set of ovaries. An average and variance
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were calculated and used with alpha=0.05 and precision
(D)= 0.05 (D=precision or standard error expressed as a
percentage of the mean) to estimate the number of subsamples
needed. Egg counts were made on seven 5.0 ml aliquots on
all other sets of ovaries. Estimates of the total number of
eggs per walleye could then be determined by the proportion
of the average number of eggs per 5.0 ml and the total
volume of eggs. Ninety-five percent confidence intervals
were calculated and fecundity was related to total length
and weight of the walleye.

Larval walleye sampling occurred on April 26 and 27,
May 3, and May 9, 1986 at six sites in the Muskegon River
between Croton Dam and Maple Island (Figure 3). Sampling
was conducted during the day with two drift nets tied to a
boat anchored in the river. Each net had a square opening
measuring 40 cm on a side and the mesh size was 363
micrometers. One of the nets had floats attached to the top
so that it would stay on the surface while the other net was
weighted to stay near the bottom. The harness rope for the
bottom net was scaled so that the distance from the boat to
the net could be recorded and a davit was used to measure
the angle between the rope and a line perpendicular to the
surface of the water. The depth of the bottom net was
calculated using the length of harness rope and the cosine

of the measured angle.
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The nets were placed in the current for approximately
10 minutes and had flow meters attached to the front so that
the volume of water entering the net could be calculated.
Larval walleye densities were calculated using the total
number of larvae captured and the volume of water filtered.

Juvenile walleye sampling started in mid-April and
lasted until late November of 1986. Efforts were
concentrated in, but not limited to, Muskegon Lake and the
lower river system from U.S. 31 eastward. Starting in May,
a boat shocker and beach seine were used to sample backwater
areas of the Muskegon River as well as littoral areas of
Muskegon Lake. In June, a two-meter diameter drift net was
tied to a boat anchored in the lower Muskegon River in an
attempt to catch juvenile walleyes as they moved to the
lake. A number of juvenile white suckers (Catostomus
commersonij) drifted into the net; however, no walleyes were
captured. This method was discontinued because large
amounts of sand drifted into the net making retrieval
difficult.

Beginning in June, small mesh trap nets were used along
with electroshocking and seining. The trap nets had 50-foot
leads and 1/4-inch bar mesh and were fished 4 days a week,
without bait, until mid-September. Typically the nets were
set on Monday, left in place for 48 hours, moved on
Wednesday and then pulled out on Friday. The pots were

checked and all fish removed every 24 hours. All fish were
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measured and a subsample was preserved for stomach content
analysis or for classroom work.

Adult brown bullheads (Ictalurus nebulosug) and bowfin
(Amia calva) were commonly caught in the trap nets and were
found to feed heavily on other small fish in the nets.
Therefore, stomachs were removed from these species and
preserved in 10% formaldehyde. Gizzard shad and alewife
also were collected for stomach samples in an effort to
document suspected predation or competition with larval and
juvenile walleyes. Gizzard shad stomachs were removed in
the field and preserved in 10% formaldehyde while alewife
were preserved in 10% formaldehyde and the stomachs removed
in the laboratory. All organisms were identified using the
keys of Eddy and Underhill (1978), Scott and Crossman
(1973), Pennak (1978) and Merritt and Cummins (1984).

In August, a 16-foot bottom trawl was used in Muskegon
Lake. Initially it was felt that trawling would not be
effective due to the history of Muskegon Lake as a timber
holding area and the potential for a large number of snags
on the bottom of the lake. However, a series of trawls were
conducted on Muskegon Lake, at carefully selected sites, on
five occasions between August and November. Four of these
trawls were done at night while the first trawl was done

during the day.



RESULTS AND DISCUSSION

Angler Returns
Anglers returned 89 jaw tags (7.7%) during the 1986

fishing season while an additional twelve tags were taken
from walleyes tagged during the 1986 spawning run and
recaptured during the 1987 fishing season. The two year
total of tag returns from walleyes captured in 1986 was 103
(8.9%) including two tags that came from walleyes that were
found dead in 1986. Anglers returned 52 tags (5.4%) from
walleyes captured during the 1987 spawning run including one
from a walleye found dead.

Anglers returned a disproportionately smaller number of
tags from walleyes kept for eggs than from walleye tagged
and released immediately. 1In 1986, seven tags were returned
from the 428 walleyes kept for eggs (1.6%) while 82 tags
were returned from the 732 walleyes released immediately
after tagging (11.2%). During the 1987 fishing season
anglers returned one tag (0.2%) from fish kept for eggs in
1986 and eleven (1.5%) tags from fish tagged in 1986 and
released immediately. The two-year total percentage of tags
returned from fish tagged and released immediately in 1986

was 12.7% while there was a 1.9% return of fish held for

eggs.

17
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The same trend appears in returns from walleyes tagged
in 1987. Anglers returned 47 tags from the 549 walleyes
released immediately after tagging (8.6%) while returning
four tags from the 414 walleyes held for eggs or milt
(1.0%). The difference in these percentages of tag returns
suggests that the mortality of walleyes kept for eggs was
higher than the mortality of walleyes tagged and released
immediately.

Populatjon Estjimates

A total of 988 walleyes were captured and inspected for
tags during the 1987 egg-take. Twelve of these fish were
tagged in 1986. The following adjusted Peterson formula was
used to calculate a 1986 population estimate and 95%
confidence interval (Everhart and Youngs 1981):

N = (M+1)*(C+1)/(R+1) +/- ,
1.96% ((N°*(C-R))/ (C+1) *(R+1)) /2

Where:

N = population estimate

M = Number of marked fish (1,160 fish marked and
released minus 91 tags returned by anglers = 1,069)

C = 988 fish captured in 1987

R = 12 fish recaptured at the egg-take in 1987

N = 81,402 +/- 43,959

This population estimate may be biased since at least
two and possibly three assumptions of mark-recapture studies
were violated. One assumption is that there was no

differential mortality between marked and unmarked fish.
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Olson (1958) felt that no differential mortality occurred
due to handling and marking (with fin clips) walleyes in
Many Points Lake, Minnesota. Although there may not have
been differential mortality of Muskegon walleyes tagged and
released immediately, it is likely that walleyes kept for
eggs or milt suffered higher mortality.

In order to compensate for what appears to be
differential mortality based on treatment at Croton Dam all
marks and recaptures associated with those fish kept for
eggs. were disregarded. A new population estimate was
calculated based on the following numbers.

M = 1,160 marked - 428 kept for eggs - 84 tags returned
by anglers = 648

C = 988

R = 10 walleye recaptured that were not kept for eggs

N = 58,351 +/- 34,290

Another assumption is that there is no recruitment
diluting the proportion of tagged to untagged fish in the
population which would cause the population estimate to be
inflated. Ideally only 1986 age IV fish and older would
have been counted as marks and only 1987 age V fish and
older counted as census fish. This would have eliminated
all of the recruitment except for immature 1986 age IV fish
that became mature 1987 age V fish. Unfortunately a
complete scale record is not available for 1987. 1In order
to correct for recruitment the average length of age V fish

in 1987 was estimated and using scale and length data from



20
these age V fish an average length of these fish as age IV
fish in 1986 was calculated. In 1986 the back calculated
average length of age IV males was 16.8 inches (42.7 cm) and
females were 20.4 inches (51.8 cm). In 1987 the average age
V male and female was 18.5 inches (47.0 cm) and 22.1 inches
(56.1 cm), respectively. These lengths were arbitrarily
selected as cutoff points. In 1986 any male less than 16.8
inches (42.7 cm) or female less than 20.4 inches (51.8 cm)
was excluded from the number of fish marked. In 1987 any
male less than 18.5 inches (42.7 cm) or female less than
22.1 inches (56.1 cm) was excluded from the 1987 census.
Again, this was an arbitrary way to correct for recruitment
and although some of the assumptions made may not be exactly
correct this method should be better than simply ignoring
the problem of recruitment. The population after correcting

for recruitment was calculated using the following values:

M = 576
C = 823
R =10
N = 43,222 +/- 25,372

Another assumption is that there is no immigration of
fish into the system. Immigration of unmarked fish will
have the same effect as recruitment. Also, emigration of
tagged fish will dilute the proportion of marked to unmarked
fish if a higher proportion of marked fish leave the system.
Again, diluting the proportion of marked to unmarked fish

will cause the population estimate to be inflated.
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It appears that a small percentage of walleye did leave
the system. If these fish come back to the Muskegon River
system each spring to spawn, as some investigators believe,
and the mortality of marked and unmarked fish is the same
outside the Muskegon River system, then no bias will be
introduced. However, if tagged fish are differentially
leaving and never coming back, suffering higher mortality
rates in other systems before coming back or being replaced
by unmarked walleyes then the above is an underestimate of
the actual size of the population.

In 1986 approximately 4.5% of returns (4 of 89 returns
excluding tags from two dead walleyes) were from fish caught
outside of the Muskegon River system. If it is assumed that
4.5% of the adult population left the Muskegon River system
there would still be no way to quantify immigration and thus
no way to determine net movement into or out of the system.
In addition, the 4.5% emigration cannot be extrapolated to
the whole population because in this study larger fish were
more likely to be tagged and larger walleyes are more apt to
travel further. Liston et al. (1986) found that small
walleyes (<460 mm) traveled shorter post spawning distances
averaging 10 km while larger walleyes (>460 mm) averaged 28
km. Muskegon River sampling was biased toward larger
members of the population and there was no way to quantify
the effects of differential emigration. Therefore

population estimates were not corrected for emigration or
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immigration. The estimate of 43,222 +/- 25,372 is likely

the best estimate.

Post Spawning Movements

The results of previous Muskegon River walleye tagging
studies are discussed below in order to compare post
spawning movements observed in the 1940's and 1950's to
those observed in this study. A total of 5,043 walleye were
tagged and released in the Muskegon River system from 1939
to 1952 (Eschmeyer and Crowe 1955). Of these, 850 (16.9%)
were recaptured by the end of 1953. Most of the tagged
walleyes (3,371) were tagged from 1947-1952 during the
Newaygo transfer when migrating walleyes were captured below
Newaygo Dam and transferred to upstream impoundments. The
Newaygo transfer began in 1928 and the number of fish
transferred to upstream impoundments ranged from 469 in 1928
to 43,088 in 1933 with the average being 8,683 per year from
1928-1953. Eschmeyer and Crowe (1955) concluded that
walleyes transferred to the upriver impoundments tended to
move downstream through or over the impoundments. Mortality
increased with the size of the dam and with the number of
dams passed. Therefore this historical data set is not
directly comparable to the more recent tagging information.
However, some of the tagged walleye were released below
Newaygo Dam. Although Newaygo Dam has since washed out and

opened up an additional 13.5 miles (21.8 km) of river up to



23
Croton Dam these fish are probably the most historically
comparable.

In 1948, 292 wvalleye were tagged and released below
Newvaygo Dam. Anglers returned 32 tags (11.0%) in the first
year; 13 tags (4.5%) in the second year; one tag in each of
the third, fourth and fifth years (0.3%) and two tags (0.6%)
in the sixth year. 1In 1950, 473 walleyes were tagged and
released below Newaygo Dam. Anglers returned tags from 11
walleyes (2.3%) in the first year; 21 (4.4%) in the second
year; six (1.3%) in the third year and eight (1.7%) in the
fourth year. The total returns from 1948 and 1950 were 50
(17.1%) and 46 (9.7%), respectively.

First year returns from walleye tagged below Croton Dam
in 1986 and 1987 and released immediately were 11.2% and
8.6%, respectively, compared to 11.0% and 2.3% in 1948 and
1950, respectively. Of the fish tagged in 1950 nearly twice
as many were returned in the second year as in the first
year while first-year rates of return from 1948, 1986 and
1987 all appear to be relatively close.

However, a more interesting difference between the
1948-1950 tag returns and the 1986-1987 tag returns is the
number of walleyes recaptured outside of the Muskegon River
system and the time of year when the walleyes were
recaptured. Of the 96 walleyes recaptured from 1948 and
1950 studies, 42 (44%) were caught in the river, 16 (17%)

were caught in Muskegon Lake and 38 (40%) were recaptured
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outside of the Muskegon river system. The farthest southern
movement was roughly 115 miles (185 km) with three walleyes
recaptured in Lake Michigan near the mouth of the St. Joseph
River. 1In addition, four walleyes were recaptured at the
mouth of the Kalamazoo River [app. 75 miles (121 km)], six
were recaptured in Lake Michigan at the mouth of the Grand
River (app. 50 miles (80 km)] and twelve were recaptured in
Lake Michigan at the mouth of the Muskegon River ([app. 39
miles (63 km)]) (Eschmeyer and Crowe 1955). The furthest
northern movement was roughly 175 miles (282 km) with one
walleye recaptured in Lake Michigan near Good Harbor Bay.
In addition, one walleye was recaptured in Lake Michigan
near Betsie Bay ([app. 140 miles (225 km)], another walleye
was recaptured near the Manistee River [app. 117 miles (188
km) ], three were recaptured near the Pere Marquette River
(app. 85 miles (137 km)], two were recaptured near the
Pentwater River [app. 70 miles (113 km)] and six more were
recaptured at the mouth or immediately north of the White
River (app. 50 miles (80 km)].

Also, walleyes tagged below Newaygo Dam in 1948 were
quick to leave the Muskegon River System. The 292 walleyes
that were tagged and released at a point one-half mile below
Newaygo Dam were released from April 17-22 and there were no
first-year returns from walleyes recaptured in the Muskegon
River system after June 1, 1948 except for one that came

from a walleye recaptured at the river mouth in August.
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One tag was recovered from a walleye recaptured at the mouth
of the St. Joseph River on May 31, 1948. This fish had
moved a distance of 115 miles (185 km) within 39 days for an
average of three miles per day. Creel census data indicated
that large numbers of unmarked walleyes were captured in the
Muskegon River system in April and May but not after June
(Eschmeyer and Crowe 1955). Other investigators have
observed that walleyes were quick to leave spawning areas.
Ryder (1968) found that walleyes in Nipigon Bay, Lake
Superior were widely distributed by June and Forney (1963)
found the same for walleyes in Lake Oneida, New York.

In contrast, of the 2,123 walleyes tagged and released
below Croton Dam in 1986 and 1987, 80.3% of the tag returns
were from walleyes recaptured in the Muskegon River, 15.8%
were from walleyes recaptured in Muskegon Lake and 3.3% were
from walleyes caught outside of the Muskegon River system
(Table 1). Also, only 30 of the 146 (20.5%) tags returned
from walleyes caught in the Muskegon River system, from both
years, were caught after spawning and before June first.

Walleyes tagged in 1986 and 1987 appeared to be less
mobile than those tagged in 1948 and 1950. Of the walleyes
recaptured outside of the Muskegon river system, four were
females and one was a male. All four of the females were
tagged in 1986 and recaptured in 1986 in the Grand River or
a tributary of the Grand. Two of the females were tagged

and released immediately and measured 27.5 inches (69.9 cm),
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Table 1. Actual numbers and percentages of tagged walleyes captured
in the Muskegon River, Muskegon Lake and outside the
Muskegon River system (excluding three tagged fish found
dead and one captured at an unknown location).

Category Musk. Riv. Musk. Lk. Outside Total
1986
imature/undet. 6 100% 6
small males* 27 90% 3 10% 30
large males** 18 72% 6 24% 1 4% 25
females <4.5 lbs. 8 89% 1 11s 9
females >4.5 lbs. 18 78% 3 13% 2 9% 23
fem. kept for eggs 4 50% 2 25% 2 25% 8
1987
imature/undet. 1 100% 1
small males* 22 92% 2 8% 24
large males** 8 73% 3 27% 11
females <4.5 lbs. 4 100% 4
females >4.5 lbs. 4 67% 2 33s% 6
fem. kept for eggs 2 67% 1 33% 3
Total 122 81s 24 15% 5 3% 151

* Males less than the median length of all males tagged that year
** Males greater than the median length of all males tagged that year
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7.4 pounds (3.4 kg) and 26.5 inches (67.3 cm) 7.8 pounds
(3.5 kg) respectively. One of these females was caught on
July 29, 1986 in the Grand River at sixth street in Grand
Rapids and had traveled approximately 107 miles (172 km).
the other was caught in August of 1986 in the Grand River,
at Johnson Park, near Grandville, Michigan and had traveled
100 miles (161 km). The other two angler returns came from
females kept for eggs. At the time they were tagged they
measured 26.9 inches (68.3 cm), 8.0 pounds (3.6 kg) and 26.8
inches (68.1 cm) and 9.1 pounds (4.1 kg), respectively. One
was recaptured on June 20, 1986 in the Grand River, at River
Park, in Ottawa County, and had traveled approximately 79
miles (127 km). The other was recaptured on May 15, 1986 in
Buck Creek, a tributary of the Grand River and had traveled
roughly 99 miles (159 km) in 43 days for an average of 2.3
miles per day (3.9 km per day). The only tag return from a
male walleye caught outside the Muskegon River system came
from a 23.4 inch (59.4 cm), 5.0 pound (2.3 kg) fish tagged
in 1986 and recaptured in White Lake on July 20, 1987,
approximately 63 miles (101 km) from Croton Dam.

As previously noted, Liston et al. (1986) found that
in the Sst. Marys River system, larger walleyes tended to
move greater distances than smaller walleyes. The four
females and one male recaptured outside of the Muskegon
River system were relatively large members of the cohort

tagged. Also, smaller males and females were more likely to
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be recaptured in the Muskegon River than in Muskegon Lake or
outside of the Muskegon River system (Table 1). Neither
Eschmeyer (1950) nor Eschmeyer and Crowe (1955) presented a
summary of the sizes of the walleye tagged.

Crowe (1955) estimated spawning runs of 114,000
walleyes in 1953 and 139,000 in 1954. Population estimates
were nearly triple recent estimates and the larger
percentage of tag returns from outside of the Muskegon River
system could have indicated emigration from a more densely
populated system. Current population densities are not as
high and as a result walleyes in the Muskegon River system
may be behaving differently. In addition, if earlier tagging
studies were also biased towards larger fish, it is possible
that the estimate of 40% of the tagged population leaving
the Muskegon River System could be disproportionately large.

Another reason for the apparent change in post spawning
movements could be that Lake Michigan walleye are not as
heavily exploited as they were in the early 1950°'s.
Commercial fishermen returned a large number of tags during
the late 1940's and early 1950's but no longer target
walleyes in Eastern Lake Michigan. Also, since the
introduction of Pacific Salmon in the late 1960's, combined
with the decline of walleye populations throughout eastern
Lake Michigan (Schneider and Leach 1979), sport anglers

target salmon and trout more than walleyes.
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Although they are not being targeted, there is evidence
that walleyes are utilizing Lake Michigan, especially reef
areas. Divers from the MDNR have identified walleyes on a
man-made reef south of the Muskegon Lake channel (MDNR
unpublished data). 1In addition, walleyes have been
collected in nets along breakwalls south of Ludington (John
Gulvas, Consumers Power, personal communication).

Both of these post spawning movement studies rely on
angler returns to "sample" tagged fish. Therefore
differences in sampling methods may give the appearance of
different results. However, it does not seem that temporal
and spatial differences between tags returned from
historical walleye populations and present populations can

be attributed entirely to a difference in methods.

S ing Migrati ) Homing Behavi

Homing behavior is defined here as the annual return
to a particular spawning area rather than seeking any
suitable spawning site. Some investigators have concluded
that walleyes home to particular spawning sites while others
have observed no homing behavior. Crowe (1962) stated that
walleyes home to the same spawning areas in the Muskegon
River system, the Inland Waterway (northern lower peninsula
of Michigan) and Bay de Noc in northern Lake Michigan. Todd
(1990) analyzed genetic differences in Lake Erie and Lake

St. Clair walleyes and determined that discrete stocks homed
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to their natal spawning sites and did not interbreed with
other stocks in these lakes. Ryder (1968) found that
walleye stocks in Black Bay and Nipigon Bay, Lake Superior,
home to particular spawning sites. Forney (1963) found that
stocks of walleyes in Oneida Lake tributaries homed to
specific spawning areas. 1In contrast, Smith (1977)
conducted tagging studies and found no evidence of homing to
spawning areas in streams tributary to the Red Lakes,
Minnesota.

Olson and Scidmore (1962) attempted to document homing
behavior in walleyes in Many Points Lake, Minnesota. Many
Points Lake has several areas where walleyes have been
observed spawning. These areas include the Ottertail River
as well as extensive shoal areas in the lake. During a mark
and recapture study all of the walleyes entering the
Ottertail River inlet were captured, marked and released.
The results of their study indicate that some of the Many
Points Lake walleyes returned to Ottertail river every year
while some showed an inconsistent pattern of return. They
concluded that while some of the walleyes showed a
consistent pattern of return, homing behavior was not
evidenced to the same degree by all fish.

Crowe (1955) stated that the Muskegon River spawning
run was composed entirely of mature fish from Lake Michigan.
Based on data gathered in the Muskegon River system Crowe

(1962) hypothesized that walleyes from all parts of the
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Muskegon River system and the eastern shore of Lake Michigan
could be expected to appear below Newaygo Dam in April. He
reported that no walleyes tagged in the Muskegon River
system had been recaptured in other areas during the
spawning season while fish tagged in the Muskegon River were
recaptured there during spawning runs in following years.

Eschmeyer (1950) also felt that the population of
resident walleyes in the Muskegon River was not large and
that most of the spawning run was made up of fish from Lake
Michigan. He presumed that three walleyes tagged in 1947
and captured at Newaygo Dam during the 1948 spawning run had
migrated downstream to Lake Michigan during the year and
returned upstream to spawn. He felt that tagging studies
conducted on fish transferred to upper impoundments proved
that walleyes were able to negotiate each of the power dams
and returned to Lake Michigan after being transferred to
upstream impoundments.

Schneider and Crowe (1977) analyzed data from walleyes
tagged and moved to Hamlin Lake, Michigan during the years
when the Newaygo transfer was still being conducted. Hamlin
Lake is an impoundment on the Big Sable River about 1/2 mile
(0.8 km) upstream from the eastern shore of Lake Michigan
near Ludington, Michigan. The dam prevented upstream
movement of a "modest" number of walleyes. Between 1929 and
1955 as many as 307 walleyes were netted annually and

transferred into Hamlin Lake. One walleye tagged during the
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spring spawning run up the Big Sable River reappeared one
year later in the Muskegon River during the spawning run.
Another was recaptured 160 miles (257 km) away, off Brevort
in northern Lake Michigan, 14 months after being tagged. 1In
addition, eighteen walleyes captured in Lake Michigan near
Ludington in mid summer were transferred to Hamlin Lake, and
recaptured in Lake Michigan "or had passed through it on
there way to other places" (Schneider and Crowe 1977).
Twelve of these walleye were recaptured in Muskegon River
spawning runs one to six years later.

The fact that twelve walleyes captured during the
summer near Ludington were recaptured later during Muskegon
spawning runs supports the contention that some walleyes
were homing to the Muskegon River. However, the one of 48
walleyes tagged during a Big Sable spawning run that was
recaptured during a spawning run in the Muskegon River
supports Olson and Scidmore's finding that walleyes show
different degrees of homing behavior. If this one Big Sable
walleye was showing a consistent pattern of homing then the
fish could have been captured only in spawning runs at
either Big Sable River or the Muskegon River but not both
places.

Neither Crowe (1955, 1962) nor Eschmeyer (1950) mention
any sampling effort outside of the Muskegon River system
during the spawning season except for the work done on the

Sable River. Perhaps tagging efforts equal in proportion to
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those on the Muskegon River, at the Sable River or other
locations, would have provided more insight into the homing
behavior of both Big Sable walleyes and Muskegon River
walleyes. Although there was reason to believe that many
walleyes moved from eastern Lake'Michigan to Newaygo Dam to
spawn, the Big Sable River and other areas may have been
utilized by spawning walleyes from eastern Lake Michigan.

As previously noted, only 20.5% of the tags returned
from walleyes caught in the Muskegon River system, in 1986
and 1987, were caught after spawning and before June first.
This suggests that now many more walleyes are staying in the
river system throughout the summer and fall than was
previously observed by other investigators. Also, adult
walleye are not using the Muskegon River system strictly for
spawning as a much larger percentage of tag returns came
from within the River system as opposed to Lake Michigan or
other tributary systems.

Again, these studies rely on angler returns to "sample"
tagged fish and differences in sampling methods may give the
appearance of different results. No rewards were offered
for tags returned from fish marked during the Newaygo
transfer. However, Crowe (1955) felt that the Newaygo
transfer created such local interest and had so much
publicity that most anglers reported the recovery of tagged
walleyes. In addition, "sampling" differences may have been

caused by anglers targeting different species. A
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substantial number of tags returned from fish captured in
Lake Michigan, in the 1940's and 1950's, were returned by
commercial anglers while commercial and sport anglers
fishing in Lake Michigan did not target walleyes in 1986 and
1987.

Although "sampling" differed, the large numbers of
walleye observed and captured at Croton Dam during the
spawning season indicate that many adult walleyes are homing
to Croton Dam. However, if the same type of inferential
data are used then it seems that most of the walleye are
homing to Croton Dam from within the Muskegon River system
and walleyes are leaving the system less frequently than

walleyes tagged during the Newaygo transfer.

Rates of Exploitation, Survival and Mortality

As previously noted, walleyes tagged and released
immediately were captured more frequently than walleyes kept
for eggs. This could have been caused by differential
mortality or different behavior of the fish kept for eggs.
In order to distinguish between the effects of differential
mortality or behavioral differences between sexes and sizes
of walleyes, the population was divided into seven groups
based on sex, size and treatment during the egg-take and
tagging operations. The categories were immature fish and
walleyes of undetermined sex, males less than the median

size of all males captured that year, males greater than
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median size, males kept for milt, females kept for eggs,
females less than 4.5 pounds (2.0 kg) tagged and released
immediately and females greater than 4.5 pounds (2.0 kg)
tagged and released immediately.

The rate of exploitation (u) or the fraction of
walleyes in the population captured by anglers was estimated
by calculating the ratio of the number of tags returned by
anglers to the number of fish marked and released in each
category. Rates of exploitation were calculated for each
category. The results of a Chi Squared analysis, using the
rate of exploitation for the whole population as the
expected value for each category, indicated that there was a
significant difference between each of the ratios within
each year (u86 Chi squared= 38.129, critical value= 11.070;
u86-87 Chi squared= 39.435, critical value= 11.070; and u87
Chi squared= 38.872, critical value= 12.592). The rates of
exploitation were influenced by the size of the fish and the
treatment of the fish after capture. Therefore, the total
annual mortality rate (A), survival rate (S), instantaneous
rate of mortality (Z), instantaneous rate of fishing
mortality (F), instantaneous rate of natural mortality (M),
rate of exploitation (u), expectation of natural death (v)
and the conditional rate of fishing mortality (n) were
calculated for the various sub-populations so that
comparisons could be made between subpopulations and with

other walleye populations.



that
fish
gene)
expl
expl
of 1
pour
tage
rat
exp
qro
tha
imn
fer

Siy

Si;



36

The ratios of returns to fish tagged in 1986 indicate
that anglers captured more of the smaller fish than larger
fish (Table 2). The immature and undetermined sex category
generally had the smallest fish and had the highest
exploitation rate (u=0.194). The second and third highest
exploitation rates were from males less than the median size
of 19.1 inches (48.5 cm) (u=0.126) and females less than 4.5
pounds (2.0 Kg) (u=0.154). The smallest males and females
tagged and released immediately had higher exploitation
rates than their larger counterparts. The lowest rate of
exploitation of 1986 walleyes was fish kept for eggs. This
group should have been comparable to the females greater
than 4.5 pounds (2.0 kg) that were tagged and released
immediately. However, the rate of exploitation of the
females kept for eggs was approximately one-sixth that of
similar sized females tagged and released immediately.

The ratios of returns to fish tagged in 1987 indicate a
similar trend. The smallest males and females tagged and
released immediately had greater rates of exploitation than
their larger counterparts. However, the immature and
undetermined sex category had a lower rate of return than
all females tagged and released immediately but the estimate
was based on one return from eight tagged fish. Again, the
fish kept for eggs had a substantially lower rate of
exploitation than females greater than 4.5 pounds (2.0 kg)

tagged and released immediately.
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Rates of exploitation were calculated from all Muskegon
walleyes tagged and released immediately and these rates
wvere generally less than those reported by other
investigators (Table 3). Angler effort and angler
cooperation with each study will influence comparisons
between rates of exploitation. If tags are taken but not
reported the estimated rate of exploitation would be less
than the true rate of exploitation. In addition, any factor
that will decrease the proportion of marked to unmarked fish
in the population will cause the rate of exploitation to be
low. For example, a higher rate of emigration of marked
fish, immigration of unmarked fish and differentially higher
mortality of marked fish will decrease the proportion of
marked fish to unmarked fish and cause the estimated rate of
exploitation to be less than the true rate of exploitation.
The reliability of conclusions about comparisons to other
walleye populations will depend on the relative importance
of these extraneous influences on estimated rates of
exploitation.

After collecting eighteen years of angler returns from
one year of tagging, Schneider et al. (1976) noted that the
rate of exploitation for females was 12.6% while the rate of
exploitation for males was 7.3%. They also found a
significant difference in rates of exploitation among sexes
when they considered all walleyes tagged, walleyes tagged

and released which were 483 mm or less, and walleyes tagged
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Table 3. Eltiutod rates of exploitation, survival and mortality of Muskegon River walleyes
and released immediately and of walleye populations from other locations.

Investigator and Parameters®
Location u $ A 2 F L] v [ ] n
Muskegon (1986) mkf combined 0.112 0.18 0.82 1.7 0.26 1.5 0.71 0.21 0.77
males 0.110 0.25 0.75 1.4 0.20 1.2 0.64 0.18 0.70
females 0.106 0.079 0.92 2.5 0.29 2.2 0.82 0.25 0.89
Eschmeyer (1950) .024-.147
Inland Waterways, Mich avg= .107
Olson (1958)
Manyy Points Lake, Minn. 0.18 0.62 0.38 0.48 0.23 0.25 0.20 0.47
Niemuth et al. (1962)
Escansba Lake, Wisc. .23-.47 .10-.15
Priegel (1967), Wisconsin
Big Lake Butte des Morts 1962 0.122
1962-1966 0.155
Spoehr's Marsh 1962-1963  0.207
Forney (1967)
Onefda Lake, N.Y. .10-.47 .11-.54 .01-.07 0.88
Kelso and Ward (1972) (unexploited)

West Blue Lake, Manitoba 0.0 .20-.37 .63-.80 1.61-1.4 0.0 1.61 1.61-1.4 0.0 .63-.80

Schneider et al. (1976)
ich

Lake Gogebic, M
males 0.073 0.804 0.196 0.218 0.081 0.137 0.123 0.078 0.128
females 0.126 0.654 0.346 0.425 0.155 0.270 0.220 0.144 0.237
Spangler et al. (1977)
Missagi River, Ontario 0.266 0.436 0.564 0.836 0.39% 0.442 0.298 0.324 0.355
Nelson and Walburg (1977)
Four Missouri River Res. 44-.55
Laarmen (1981)
Manistee Lk. 1973-1978 0.17 0.44 0.56 0.82 0.25 0.57 0.39 0.22 0.43

Craig and Smiley (1986)
Alberta, Canada

Ethel Lk males 0.65 0.35 0.43
females 0.64 0.36 0.45
Marie Lk.males 0.78 0.22 0.25
females 0.78 0.22 0.25
Wolf Lk. males 0.65 0.35 0.43
females 0.67 0.33 0.39

rate of exploitation

asnnual survival

snnual mortality

instantaneous mortality
instantaneous fishing mortality
instantaneous natural mortality
expectation of natural mortality
conditional fishing mortality
conditional natural mortality
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and released which were greater than 483 mm. They
attributed the difference to more aggressive feeding
behavior among the females and consequently greater
vulnerability to angling. Similarly, small female walleyes
tagged and released immediately at Croton Dam in 1986 and
1987 had higher rates of exploitation than smaller males.
Also, large females tagged and released immediately in 1987
had higher rates of exploitation than large males. However,
large females tagged and released immediately in 1986 were
captured at approximately the same rate as large males
tagged in 1986.

The mark and recapture data were used to calculate
annual survival and mortality rates. The survival rate (S)
is the proportion of fish alive at the end of a year while
the annual total mortality rate (A) is the proportion of
fish that have died at the end of one year. Estimates of
survival calculated with mark and recapture data will be
underestimated if differential mortality of marked fish,
differential emigration of marked fish or immigration of
unmarked fish serve to decrease the proportion of marked to
unmarked fish. The survival rate and standard error were

calculated using formulae from Ricker (1975).
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S= R12#M2/M1¥R22 Ve
std. err.=(S’*(1/R12+1/R22-1/M1-1/M2))"

Where:

S= survival rate

Ml= number of fish tagged and released in 1986

M2= number of fish tagged and released in 1987

R12= number of tags returned by anglers in 1987 from

fish tagged in 1986
R22= number of tags returned by anglers in 1987 from
fish tagged in 1987

The annual total mortality rate is calculated by
subtracting S from one. Annual survival rates and mortality
rates calculated for the six different categories and for
the total population are presented in Table 2. The highest
survival rate was 0.47 +/- 0.25 calculated for males greater
than the median size. The next highest survival rate was
for the females kept for eggs (0.28 +/- .32) and the lowest
survival rate was for females greater than 4.5 pounds (2.0
kg), tagged and released immediately (0.062 +/- 0.049).

The larger females released immediately had a higher
estimated mortality rate than the smaller females. If larger
females were leaving the system more often and were not
exposed to the same fishing pressure then angler tag returns
would decrease over time as more fish left the system. This
decrease in the rate of return combined with the expected
decrease in the rate of return due to mortality would

inflate the estimated annual mortality rate of the larger

females.
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The large females tagged and released immediately can
be used as a natural control group to compare fish kept for
eggs. The survival rate of females kept for eggs was not
statistically different than the survival rate of females
tagged and released immediately. However, the relatively
high survival rate calculated for females kept for eggs
compared to the survival rate of females tagged and released
immediately seems to contradict the notion of increased
mortality among the former due to egg-take operations. The
estimated survival of fish kept for eggs was not precise due
to the relatively low number of angler returns (one tag
returned in 1987 from a fish tagged in 1986 and three tags
returned in 1987 from fish tagged in 1987) and the true
survival rate may be lower.

Another possible explanation for the apparent
contradiction could be that the estimated survival rate only
applies to fish that survive the initial shock of egg-take
operations. Estimated survival rates were calculated using
tags returned by anglers and the walleye season did not open
until May 15th in 1986 and April 30 in 1987. If mortality
caused by the egg-take operation occurred before the start
of the season then R12 and R22 from the equation above would
reflect the rates of recapture of the surviving group.
Therefore survival estimates would only be applicable to the
group of walleyes that survive the initial shock. It is

possible that high mortality immediately following egg-take
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causes the rate of exploitation to be low while the
estimated rate of survival applies to the cohort that
survives the egg-take.

In order to compare survival and mortality estimates
from Muskegon walleyes to estimates from other walleye
populations survival and mortality estimates were calculated
for all walleyes tagged and released immediately. The
estimate of the annual survival rate of Muskegon walleyes
was 18% and was lower than those from populations in other
bodies of water (Table 3). Estimates of annual survival
rates ranged from 80.4% for male walleyes from Lake Gogebic
in Michigan's Upper Peninsula to 20% for an unexploited
walleye population in West Blue Lake, Manitoba and the
average annual survival rate was 55.0% for all populations
and sexes of walleyes presented in Table 3. It is likely
that the estimated survival of Muskegon River walleyes was
an underestimate of the actual rate caused by factors
previously discussed. Also, the studies conducted on other
walleye populations were conducted on closed systems or used
different methods. Therefore, estimates of survival would
not be effected in the same manner as estimates for Muskegon
River walleyes.

Schneider et al. (1976) found that the annual survival
rate of male walleyes from Lake Gogebic (80.4%) was higher
than the survival rate of females (65.4%). However, Nelson

and Walburg (1977) found that females exhibited higher
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survival rates in Main Stem Missouri River reservoirs.
Craig and Smiley (1986) studied walleye populations in three
Alberta, Canada lakes and found that the annual survival
rates of males and females were similar. Survival rates
were estimated for Muskegon males and females using only
walleyes tagged and released immediately and the estimated
survival rates were higher for males. If the female
walleyes are leaving the system more often than the males
then the survival rates calculated for females will be lower
and more biased than those calculated for males.

The expectation of natural death (v) is the difference
between annual mortality rate and the rate of exploitation
and it is simply the proportion of annual mortality that was
not caused by anglers. Again, the proportion of natural
mortality to total mortality was the lowest for large males
and highest for large females tagged and released
immediately. In all cases the expectation of natural death
is a larger part of the total mortality that the rate of
exploitation. These estimates suggest that a Muskegon
walleye is much more likely to die of natural causes than be
captured by anglers. However, as previously noted,
immigration and differential emigration of marked fish will
lower the estimated rate of exploitation and increase the
estimated mortality. Most of the estimates of the
expectation of natural death from other walleye populations

were larger than the corresponding rate of exploitation.
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The difference was usually not as large as that evidenced by
Muskegon walleyes. Incomplete reporting of tags collected
by anglers will lower the estimated rate of exploitation.
Therefore, conclusions about differences between walleye
populations will be partially dependent on angler
cooperation with each study.

Instantaneous mortality rates are often calculated for
use in modeling and the total instantaneous mortality rate
(2) can be calculated using the following formula:

(1-A) *=e) . The instantaneous mortality rates show the same
relative pattern with the highest rates for large females,
small females and small males and the lowest rates were
estimated for large males and females kept for eggs.

Total instantaneous mortality rates can be broken down
into instantaneous mortality rates from fishing (F=u*2zZ/A)
and instantaneous mortality rates from natural causes (M=2-
F). In all cases the instantaneous natural mortality rate
is higher than the instantaneous fishing mortality rate.
The proportion of instantaneous fishing mortality rate to
total mortality rate was highest for large males (18%)
folloved by small females (17%) and small males (15%).
Instantaneous fishing mortality accounted for only 2.2% of
the total instantaneous mortality rate for females kept for
eggs while instantaneous fishing mortality accounted for 11%
of total instantaneous mortality for large females tagged

and released immediately.
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Instantaneous mortality from natural causes and from
fishing will be inflated by differential mortality of marked
fish, differential emigration of marked fish or immigration
of unmarked fish. In addition, incomplete reporting of
angler returns will decrease the estimate of instantaneous
fishing mortality rate and increase the estimate of
instantaneous natural mortality rates.

Conditional natural mortality rate (n) is the fraction
of the initial stock that would die from causes other than
fishing during a year if there were no fishing moftality.
The conditional fishing mortality rate (m) is the fraction
of the initial stock that would be caught during the year if
no other causes of mortality operated. Conditional fishing
mortality rates were higher for small males and females than
for large males and females and higher for females kept for
eggs than for large females tagged and released immediately.
Conditional natural mortality rates were highest for all
females tagged and released immediately and small males and
lowest for larger males and females kept for eggs.

Conditional fishing mortality for the whole population
tagged and released immediately was nearly double the rate
of exploitation while the conditional natural mortality was
not substantially larger than the natural mortality rate.
Therefore, decreases in natural mortality rates should have
a relatively large impact on the rate of exploitation while

a decrease in the rate of exploitation will have a
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relatively minor impact on natural mortality rates.
Incomplete angler returns will cause conditional fishing
mortality to be underestimated while conditional natural
mortality is overestimated. Conditional natural mortality
calculated for Muskegon River walleyes was higher than most
of the estimates from other walleye populations but
conditional fishing mortality was similar to other
populations (Table 3). This conclusion will be effected by
differences in angler cooperation between the various
studies.

Again, ratios of conditional fishing mortality to
conditional natural mortality and instantaneous fishing
mortality to instantaneous natural mortality indicate that
natural mortality is much higher than fishing mortality.
Literature values indicate that mortality accounted for by
angler tag returns ranged from 30% to 88% of the total
annual mortality with the average being 46%. Mortality
accounted for by Muskegon River angler returns ranged from
3.1% for females kept for eggs to 17.9% for large males
tagged and released immediately. Comparisons to other
systems will be partially influenced by angler cooperation
but it seems that natural mortality is a much higher
percentage of total mortality than in most other systems
examined.

These conclusions may also be biased since natural

mortality estimates are based partly on the annual mortality
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rates which will be overestimated by immigration and
emigration. As previously noted, when tagged fish leave the
system the proportion of tagged fish will be diluted and
anglers will catch fewer tagged fish. The lower proportion
of recaptures will inflate the annual mortality rates and
increase estimates of natural mortality while the rate of
exploitation and conditional fishing mortality estimates
decrease. This seems likely since emigration was
documented. Immigration of untagged walleyes to the system
will further dilute the proportion of tagged fish to
untagged fish and distort estimates. Again, Incomplete
reporting of angler returns will decrease estimates of the
rate of exploitation, instantaneous fishing mortality and
conditional fishing mortality while causing instantaneous
natural mortality rates and conditional natural mortality

rates to be inflated.

Body Length-Scale Radius Relationship

To estimate the length of walleyes at a previous age, a
relationship between body length and scale radius was
developed. The relationship between scale radius (mm at 22X
magnification) and total length (inches) of walleyes
captured in 1986 and 1987 is presented in Figures 4 and 5.

Data from the seventeen juvenile walleyes captured during
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the 1986 season were combined with the data from the adults
captured in 1986 and are presented in Figure 6.

Length at each age was back calculated using the
following proportional formula:

Ln= a + Rn/Rtot(Ltot-a)

Where:

ILn= length at age n

a = constant

Rn= Radius from focus to annuli n

Rtot= total scale radius

Ltot= length of fish at capture
The constant (a) had to be estimated. The (a) constant is
the statistical point at which the linear relationship
starts and has no biological meaning. Typically the constant
(a) is the Y intercept in a length-versus-scale-radius least
square linear regression equation but because of non-
homogenous variance the data needed to be transformed.

According to Smale and Taylor (1987), averaging scale
radius at fixed length intervals is an unbiased method for
correcting heterogenous variance. To determine the fixed
length interval, Steins' two stage sampling formula (Steel
and Torrie 1980) was used along with a mean scale radius
precision arbitrarily selected to be +/- 3mm (22X) and an
alpha=0.05 to estimate a sample size. Then length intervals
were set so that they had the necessary sample size to

ensure the mean scale radius, within each length interval,

had a precision of +/- 3mm (22X)
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Another assumption of regression analysis is that the
distribution of the dependent variable is normal. According
to Smale and Taylor (1987) the constant (a) should not be
estimated using a scale-radius-versus-length regression
because the distribution of the dependent variable may not
be normal. Since many sampling methods bias towards lengths
of fish, length at scale size may not be normally
distributed while scale size at length will tend to be
normal because fish are not being selected based on scale
size. Therefore, the independent variable and dependent
variables were reversed and scale radius became the
dependent variable while total length became the independent
variable. According to Smale and Taylor (1987) no
distinction can be made between regression relationships of
scale size on length or length on scale size. Regressions
of mean scale radii on length estimate the relationship
between scale size and length for the average or typical
fish. The "a" constant then becomes the X-intercept in the
scale radius versus length regression equation.

According to Whitney and Carlander (1956) it is
incorrect to use a regression equation of mean scale
measurement versus fixed body lengths but they also
acknowledge that error will be small and decrease toward
zero as the correlation coefficient (rz) approaches unity.

Four separate regression equations of scale-radius-

versus-length were calculated for adult males and females in
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1986 and 1987. There was no significant difference between
slopes or intercepts calculated for males and females within
each year (calculated Student's t test value for slopes:
1986 t=0.627, 1987 t=0.805 , for Y intercept 1986 t=0.48,
1987 t=2.81). Data for males and females were combined and
two new scale-radius-versus-length regression equations were
calculated, one for 1986 fish and one for 1987 fish.
However, there was a significant difference (alpha =0.05)
between both the slope ( t= 4.36) and the intercept ( t=
8.054) of the 1986 regression equation and the 1987
regression equation. Therefore the data from the two years
could not be combined.

Next, the scale measurements and lengths from the
seventeen juvenile walleyes captured in 1986 were added to
the length and scale measurement data from the 1986 egg-take
(Figure 7). The estimated scale-radius-versus-length
regression equation was: Scale radius=-0.03870+
3.448 (Length) with an r? of 0.99 and the X-intercept was
estimated to be 0.01122 inches. The estimated scale radius
versus length regression equation from 364 scales taken from
walleye captured during 1987 was: Scale radius= 25.789+
2.636 (Length) (r? = 0.98) and the X-intercept was estimated
to be -9.784 (Figure 8).

Again the constant (a) has no biological meaning and is
simply the mathematical point at which the relationship

starts. The X-intercept or constant (a) estimated from the
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1986 data is probably better than that calculated from the
1987 data partly because the sample size was larger (1,139
in 1986 and 349 in 1987) but mostly because the scale and
length data from the seventeen juveniles allows the
relationship to be extended to younger fish. Therefore the
constant (a) calculated from 1986 data was used in the back
calculation formula.

Lengths at each age were back calculated and averaged
for males in 1986 and 1987 and for females in 1986 in 1987
(Table 4). A grand average length at each age was
calculated for all males and for all females. In order to
test for Lee's phenomenon back calculated lengths at each
age were regressed against age and the slopes were tested to
determine if they were statistically different than zero.
Lee's phenomenon is the appearance of a decrease in the
length at each annulus of older fish. Causes of Lee's
phenomenon may include failure to correctly identify all of
the annuli (Olson 1980), selective mortality of more rapidly
growing individuals and failure to use a correct body scale
relationship in computing lengths, or biased sampling of the
stock (Duncan 1979).

Average back calculated length at age versus age
regression slopes for 1986 males and females were all
negative. The first three regression equations produced
slopes that were statistically different than zero

indicating the presence of Lee's phenomenon (Table 5).



58

Table 4. Back calculated lengths of Muskegon River welleyes

NMumber Total Length at Each Anulus Formation (inches)

of
Fish
Age Aged I 11 111 v v vl Vil VIl X X
Males 1986
1
11
111 7 6.8 12.1 1.6
v 7 6.5 11.4 1.6 17.1
v 127 6.1 10.0 13.8 16.3 18.1
vi 63 6.1 10.6 14.4 17.0 18.7 20.1
Vil 83 6.2 10.9 1.9 17.6 19.3 20.5 21.5
Vil 61 6.1 10.2 1.0 17.1 19.1 20.5 21.6 22.5
X 15 5.8 95 13.2 17.0 18.8 20.4 21.5 22.4 3.2
X 1 5.2 8.2 12.3 15.3 17.2 18.7 19.6 20.8 21.7 22.5
Average 427 6.2 10.5 143 16.9 18.7 20.4 21.5 22.5 23.1 225
1987 Males
1
11
111 1 7.9 13.6 16.3
v 10 6.4 11.3 1.5 16.4
v 37 6.5 1.1 1.6 16.8 138.5
vl 29 6.2 10.4 14.0 16.6 18.4 19.7
Vil 46 6.5 12.0 16.1 18.6 20.0 21.2 22.0
Vil 26 6.3 11,3 15.4 18.0 19.6 20.7 21. 2.3
IX % 6.1 10.8 15.2 17.4 193 20.7 21.8 22.8 23.6
X 4 6.3 10.8 14.5 17.0 18.8 20.2 21.6 22.6 23.2 3.9
Average 167 6.4 1.3 15.1 17.5 19.2 20.6 21.8 225 23.5 23.9
Males 1986 and 1987
|
11
111 8 7.0 123 1.8
1v 80 6.5 1.4 1.6 17.0
v 164 6.2 10.2 1.0 16.4 18.2
vi 92 6.1 10.5 14.3 16.9 18.6 20.0
VIl 129 63 11.3 15.3 18.0 19.5 20.8 21.7
Vi1l 87 6.2 10.5 1.4 117.4 19.3 20.6 21.6 22.4
x 29 5.9 10.1 1.2 17.2 19.0 20.5 21.6 22.6 3.4
X H 6.1 10.3 14.1 16.7 18.5 19.9 21.2 22.2 22.9 23.6
Grand Average 5% 6.2 10.7 14.5 17.1 18.8 20.5 21.6 22.5 23.3 23.6
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Table 5.

Slopes of age versus length at each age calculated and tested for significant deviations
from zero to indicate the presence of Lee’s Phenomenon. An asterisk (*) indicates

that the slope is significently different than zero (Alpha 0.05) and Lees’s phenomenon

was detected.

Age Class

Age 1 Age 11 Age 111  Age IV Age V Age VI Age VII Age VIII Age IX
Males 1986
slope -0.175 -0.422 -0.262 -0.139 -0.125 -0.290 -0.580 -0.850
students-t 5.152* 4.490* 2.696* 0.976 0.641 1.292 1.727 1.963
deg. free. 6 é é 5 4 3 2 1
crit. val. 2.447 2.447 2.447 2.57 2.776 3.182 4.303 12.706
Males 1987
slope -0.155 -0.237 -0.055 0.157 0.109 0.050 -0.100 0.150
students-t 2.115 1.754 0.406 1.052 0.671 0.243 1.291 0.754
deg. free. 6 é 6 5 4 3 2 1
crit. val. 2.447 2.447 2.447 2.571 2.776 3.182 4.303 12.706
All Males
slope -0.104 -0.223 -0.060 0.036 0.070 -0.035 -0.139 -0.100
students-t 3.250* 2.579* 0.844 0.345 0.529 0.255 1.921 0.685
deg. free. 6 6 é - 4 3 2 1
crit. val. 2.447 2.447 2.447 2.571 2.776 3.182 4.303 12.706
Females 1986
slope -0.112 -0.321 -0.560 -0.463 -0.418 -0.480 -0.480 -0.490 -0.550
students-t 3.165* h.414* 3.138* 2.180 1.524 2.242 2.862 3.406 19.053*
deg. free. 6 6 6 é 5 4 3 2 1
crit. val. 2.447 2.447 2.447 2.447 2.571 2.776 3.182 4.303 12.706
Females 1987
slope -0.16% -0.257 -0.329 -0.257 -0.086 0.040 -0.180 -0.250
students-t 2.469 2.043 2.343 2.107 0.573 0.206 1.099 1.732
deg. free. 5 5 S 5 4 3 2 1
crit. val. 2.57 2.5 2.571 2.57 2.776 3.182 4.303 12.706
Females 1986
slope -0.125 -0.325 -0.571 -0.490 -0.440 -0.470 -0.487 -0.505 -0.607
students-t  3.005* 3.779* 3.040* 2.356 1.654 2.129 2.875 3.428 4.756
deg. free. 6 é 6 6 S 4 3 2 1
crit. val. 2.447 2.447 2.447 2.447 2.57M 2.776 3.182 4.303 12.706
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Average back calculated lengths at age I, II and III were
larger for younger fish than for older fish and as
previously mentioned there are several possible
explanations. Considering the sampling methods the most
likely explanation for this trend is that fish that grow
faster and mature faster become part of the spawning run
before the slower growing members of their year class.
Therefore, younger age classes in the spawning run would
bias average back calculated length estimates toward a
higher average length than is actually representative of the
population. Conversely, it is possible that since a
proportionally larger number of older fish were sampled,
differentially higher mortality of faster growing fish could
have biased the estimated average length at ages I, II and
III of older fish.

None of the average back calculated length at age
versus age regression slopes calculated for 1987 males and
females were statistically different than zero (Table 5).
Fewer scales were collected in 1987 and a higher proportion
of scales were taken from fish kept for eggs. Again, fish
kept for eggs were primarily selected on the basis of size
and therefore tended to be larger and older than the average
spawning adult. The contribution to the data set of smaller
but faster growing fish from the younger age classes was
proportionally less in 1987. If the 1986 and 1987

populations of spawning adults were similar then faster
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growing young fish are contributing more to Lee's phenomenon
than differentially higher mortality of faster growing older
fish. Since the proportional contribution of older fish was
higher in 1987 the effects of differentially higher
mortality should have been more pronounced on the 1987 data.
However, Lee's phenomenon was not detected.

As previously noted, mature female walleyes collected
at Croton Dam were substantially larger than mature males of
the same age. Comparison of length at age I between males
and females indicates that differential growth between males
and females may start before the first complete year of
growth. Back calculated lengths from both 1986 and 1987
scales show small differences in length at age I but the
length gap between the sexes increases each year. However,
the apparent difference in lengths at age I may be due to
bias in back calculated lengths at age I caused by the
relatively small number of YOY fish used to develop the
scale-radius-versus-length relationship. Other
investigators have found that male and female walleyes were
the same length at age for the first three years before
females began to grow larger (Carlander and Whitney 1961,
Forney 1965, Nelson and Walburg 1977, Smith 1977 and Craig
and Smiley 1986).

Grand average back calculated lengths were compared to
the actual size of the fish collected. Although there are

only eight age III males (seven age III fish from 1986 and
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one age III fish from 1987) the actual measured length of
the males appears to be longer than the average back
calculated length (Table 6). Since age III fish made up a
small portion of the run, these fish may be the faster
maturing members of the age three cohort. Back calculated
lengths from age IV and up were similar between 1986 and
1987. Average lengths back calculated from scales collected
in 1986 and 1987 were also similar to the actual measured
lengths. Again, this seems to support the contention that
faster growing younger adults are causing Lee's phenomenon
observed in the 1986 back calculated lengths.

An unweighted mean of average back calculated lengths
from 1986 and 1987 was estimated for each sex and compared
to average length at age of walleyes from other systems.

The unweighted mean of all the literature values was
calculated and is lower at all ages than the mean length for
both male and female Muskegon Lake walleyes (Table 7).

Walleyes captured in the Muskegon River system are
larger at each age than walleyes from most other systems.
However, female walleyes age I through III from Lake
Puckaway, Wisconsin were larger than females captured in the
Muskegon River and female walleyes age III to VIII from
Southern Green Bay and age VIII and IX from Northern Green
Bay were larger than their counterparts captured at Croton
Dam (Niemuth et al. 1962). Also, male walleyes age I to III

from Lake Puckaway, Wisconsin and Lake Ripley, Wisconsin
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Teble 6. Actusl lengths of walleye captured at Croton Dam along with
back calculated lengths.

1986 1987
Actual B-Calc. Actual B-Calc.

Age Sex* Number Length Number Length Number Length Number Length
1 1]

] 427 6.2 167 6.4

F 712 6.7 182 6.9
2 1]

(] 427 10.5 167 11.2

[4 712 1.7 182 12.5
3 U 1 14.0

] 7 15.6 427 14.2 1 16.3 167 15.0

F 712 16.1 182 16.6
4 v 16.4

L] 70 17.1 420 16.9 10 16.5 166 17.4

F 7 20.2 712 19.6 3 20.9 182 19.6
5 1] 13 17.5 1 22.1

M 127 18.1 350 18.6 37 18.5 156 19.1

F 41 21.0 705 21.9 9 22.1 179 21.8
6 1] 3 20.8 2 17.3

] 63 20.1 223 20.3 29 19.8 119 20.6

F 90 3.5 664 3.6 12 22.6 170 3.5
7 1] H 22.0

[ ] 83 21.5 160 21.5 46 22.1 90 21.8

F 213 25.0 451 24.9 24 5.0 158 24.9
8 v 3 3.0

M 61 22.5 n” 22.4 26 22.4 (YA 22.4

F 245 25.2 206 25.9 61 26.1 134 26.0
9 1)

L] 15 3.2 16 3.1 14 23.6 18 23.5

F 92 26.7 114 26.4 57 27.0 £} 26.8
10 v

M 1 25.0 4 24.0

F 19 27.1 22 26.7 17 27.6
1" V]

"

F 3 27.2

* U indicates Undetermined sex
M indicates Males
F indicates Females
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Table 7. Comperison between beck calculated lengths of Muskegon River walleyes and
walleyes from other aress.

Total Length at Annulus Formation

Location

ond

Date 11 111 1v vl VvII VIII IX X

Males

Red Lakes, Minn. 1940-56 5.4 8.2 10.4 12.0 13.3 14.3 15.0 15.7 16.3
(smith 1977)

Oneide Lk., N.Y. 1939-62 6.1 9.2 11.6 13.4 14.64 15.3 15.9
(Forney 1965)

Escansbe Lk., Wis. 1965-1969 13.6 15.3 16.6 17.6 18.9 19.9
(Kempinger and Carline 1977)

Lake Puckaway, Wis. 7.5 12.7 15.5 17.0 18.1 18.9 19.6 20.3 21.3
(Priegel 1966)

Ethel Lk., Alberta 4.7 8.3 11.4 14.2 16.1 16.9 18.5

Merie Lk., Alberta 6.3 9.4 13.0 15.0 16.1 17.7 18.5

Wolf Lk., Alberts 5.9 8.7 10.6 12.6 14.6 15.7 17.3
(Craig and Smiley 1986)

Clesr Lk., Iowe 7.4 1.8 15.5 17.7 19.1 20.1 22.5
(Carlander and Whitney 1961)

Lake Ripley, Wis 6.7 12.9 15.7 16.8 17.2

Lake Winnebego, Wis. 6.1 10.7 13.0 14.7

Escanabe Lk., Wis. 10.5 12.5 14.1 15.2 16.2 17.1

M. Green Bay, Wis. 6.6 10.1 12.8 15.1 17.2 18.6 19.7 24.8 25.8 26.8

S. Green Bay, Wis. 6.6 10.1 15.7 18.5 19.4
(Niemuth et al. 1962)

Lower Red Lake, Minn. 5.5 8.4 10.5 12.2 13.5 14.3 15.1 15.6 16.1
(Smith and Pycha 1961)

Lake Oshe, $.D. 6.4 11.2 13.7 15.5 16.8 17.9 19.7 21.9 22.6
(Nelson and Walburg 1977)

Lake Gogebic, Mich. 4.4 9.3 11.8 13.9 15.2 16.3 16.9 17.3 17.7 18.1
(Eschmeyer 1950)

Grand Unueighted Average 6.1 10.1 12.9 14.7 16.0 16.8 17.9 19.2 20.0 22.5

Muskegon River 1986-1987 6.2 10.7 14.5 17.1 18.8 20.5 21.6 22.5 23.3 23.6
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Table 7 (cont’d).

Total Length at Annulus Formation

Location

and

Date 1 11 I 1v v vl Vil VIII IX X X1

Females

Red Lakes, Minn. 1940-56 5.5 8.2 10.4 12.1 13.5 14.8 15.9 16.9 18.0
(Smith 1977)

Onefide Lk., N.Y. 1939-62 6.3 9.5 12.1 14.1 15.5 16.7 17.6
(Forney 1965)

Escanabe Lk., Wis. 1965-1969 15.5 16.7 18.2 19.9 21.7 22.4
(Kempinger and Carline 1977)

Leke Puckawey, Wis. 7.8 13.6 17.3 19.6 21.1 22.4 23.6 24.7 25.5
(Priegel 1966)

Ethel Lk., Alberta 4.7 7.9 11.4 14.2 16.1 17.7 19.7

Marie Lk., Alberta 5.9 9.1 12.2 13.8 15.7 16.9 19.7

Wolf Lk., Alberta 5.9 8.7 10.6 13.0 14.6 16.5 18.5
(Craig and Smiley 1986)

Clear Lk., Iowa 7.4 11.9 15.9 19.0 21.4 22.5 23.5
(Carlander and Whitney 1961)

Lake Ripley, Vis 6.7 12.0 16.4 18.1 19.5

Lake Winnebego, Wis. 6.1 10.7 13.2 17.2

Escanabe Lk., Wis. 15.9 17.0 18.4 19.2

N. Green Bay, Wis. 6.7 10.2 12.9 15.7 18.1 19.8 21.1 26.8 27.9

$. Green Bay, VWis. 6.7 10.2 16.6 19.7 22.0 24.3 27.2 28.0
(Niemuth et al. 1962)

Lower Red Lake, Minn. 5.6 8.3 10.5 12.2 13.6 14.9 15.8 16.7 17.8
(Smith and Pycha 1961)

Lake Oshe, §.D. 6.6 11.2 13.7 15.9 17.9 18.8 20.4 22.7 24.7
(Nelson and Walburg 1977)

Lake Gogebic, Mich. 4.9 9.4 12.4 14.5 16.3 17.9 18.9 19.4 20.4 21.0
(Eschmeyer 1950)

Grand Unweighted Average 6.2 10.0 13.4 15.7 17.3 18.5 20.0 22.1 22.3 21.0

Muskegon River 1986-1987 6.8 11.9 16.3 19.7 21.9 23.6 25.0 26.0 26.6 27.1 27.2




67

were larger than the estimated length of male walleyes from
the Muskegon River system. Back calculated lengths of
walleye captured at Croton Dam were less than lengths of
male walleyes age I-V and VII captured in Clear Lake Iowa,
walleyes age I, III-IV captured in Southern Green Bay and
walleyes age I, VIII and IX from Northern Green Bay.

Grand average incremental growth is presented in
Figures 9 and 10. Maximum growth in length occurred in the
first year of life for both males and females and declined
in the following years. The greatest average length
increase per year was 6.3 inches (16.0 cm) for males and 6.8
inches (17.3 cm) for females and declined to 0.3 inches (0.8
cm) for males and 0.1 inches (.3 cm) for females. The
absolute growth rate in terms of inches per year was usually
higher for females than for males but the proportional

increase in length at each age was similar.

Walford Plots

Walford (1946) proposed a method of transforming growth
increment plots into a straight line by plotting length at
age n+l versus length at age n. The slope of this line (k)
is positive and less than one and the higher the k value the
more slowly growth approaches a limiting length. The
absolute value of the natural logarithm of k provides an
estimate of the growth coefficient (K) (Everhart and Youngs

1981). The Walford plot can also be used to determine the



Total length

Increase In length

10

Figure 9. Grand average incremental growth of male walleyes

captured at

roton Dam.



Total length

Increase in length

Figure 10. Grand average incremental growth of female walleyes
captured at Croton Dam.
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limiting length (length at infinity, L,) or the theoretical
maximum size which is approached but never attained.

In order to compare the growth of Muskegon River system
walleyes with other walleye populations a Walford line was
plotted. Least-squares linear regression equations of
length at age n+l1 versus length at age n were calculated for
males captured in 1986 and 1987 and females captured in 1986
and 1987. A t-test indicated that there was a significant
difference between the y-intercept calculated for 1986 males
and 1986 females (t=3.78). However, there was not a
significant difference (a=0.05) between slopes and
intercepts calculated for males in 1986 and males in 1987
(intercept t=1.896, slope t=1.383) nor was there a
significant difference between slopes and intercepts
calculated for females in 1986 and females in 1987
(intercept t=0.447, slope t=0.0224). Therefore, two new
least squares linear regression equations were calculated,
one for all males and one for all females. Walford plots
were made for all males and for all females. Since there
were only three age XI females and they did not line up well
on the plot, a third regression equation was calculated
excluding these three fish (Figures 11, 12 and 13). The
regression equation for males was: Total Length at Age
n+1=6.09+0.7585(Total Length at age n) with an r?=0.996.

The regression equation for all females was: Total length

at Age n+1=7.11 +.7522(Total Length at Age n) with an
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r’=0.999. The regression equation for females age X and
under was: Total Length at Age n+1=7.04+.7568(Total Length
at age n) with an r?=0.999.

The growth coefficient and the theoretical maximum
size were estimated using the following formulae.
K=e*
where:

K= growth coefficient
k= the slope of the Walford line

L.=a/(1-k)

where:

L,= theoretical maximum size

k= slope of the Walford line

a= intercept from the Walford line
The growth coefficient and the ultimate length can then be
used in the von Bertalanffy growth equation to estimate
Ay .95, Or the age at which 95% of the growth is complete.
The von Bertalanffy growth equation is :

1= Lb*(l_e(’K(t‘CO)))

t

where:

1l,= length at age t

L,= ultimate length or theoretical maximum length

K= growth coefficient

t= age

t,= theoretical age at length 0.0
In order to calculate A, ,,, an estimate of (t;) is
necessary and can be obtained from the von Bertalanffy
equation. According to Everhart and Youngs (1981) "plotting
the natural logarithm of L,-1, against age t should result
in a straight line if the data conform to von Bertalanffy's

equation and if [the) preliminary estimate of L, is
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accurate.” The least squares linear regressions calculated
for males was Y=3.2273-0.27896(X) (r’=.996) and for females
less than 11 years old was Y=3.3631-.2771(X) (r?=0.998).
The theoretical age at length 0.0 can be calculated from the
following formula:
t,=(intercept-1n L,) /K
where:
t,= theoretical age at length 0
intercept= Y intercept of plot of 1ln(L,-1,) vs
age (t)
K= growth coefficient
The age at which the average walleye reaches a length
of 95% of the ultimate length can be calculated from the
following derivation of the von Bertalanffy equation:
where:
L,=ultimate length
l.0s= 95% of the ultimate length (L_*0.95)
K= growth coefficient
t,= theoretical age at length 0
to.os= age at which 95% of the growth is complete
The ultimate length, growth coefficient, theoretical
length at age 0, and age at which 95% of the growth is
completed are presented in Table 8. The ultimate length of
female walleyes captured at Croton was less than the
ultimate length of Ethel and Marie lake females but greater
than Wolf Lake females (Craig and Smiley 1986).
Carlander and Whitney (1961) combined males and females
to develop a Walford slope. They found that their Walford

plot lined up well for ages II through VII but did not give
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Table 8. The ultimate length (L inf), growth coefficient (K), theoretical age
at length 0.0 (t0), and age (yesrs) at which 95X of the ultimate
length has been attained (A0.95).

Location and Date Sex LCinf) K t0 A0.95

Muskegon River Males 5.2* 0.2790 0.0016 10.7

1986- 1987 Females 8.7 0.2811 -.0433 10.6
Females

< 11yrs 29.0% 0.2711 -0.0090 10.8

Alberta, Canade
(Craig and Smiley)

1965
Ethel Lk. Males 59.0 cm  0.2252 -0.0034 13
Females 76.6 cm  0.1468 <0.1754 20
Marie Lk. Males 56.4 cm  0.2644 -0.1052 1
Females 81.2cm  0.1201 -0.7284 26
Wolf Lake Males 61.0cm 0.1628 -0.6758 18
Females MN.b6cm 0.1305 -0.7618 22

Clear Lake, Iowe
(Carlander and Whitney)
1961 Both Sexes
Age 1-12 31.1» 0.1791
Age 2-7 26.3" 0.2485

n,n*1 from
individual fish
Age 1-12 28.8 0.1887

Age 2-7 2h.4 0.2783
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a satisfactory fit for ages V through X where the Walford
line was approximately parallel to a 45 degree line. They
also point out that females appear to grow faster than males
from the III through the VI year and that females generally
grow faster and live longer. In this case Carlander and
Whitney's combined-sexes Walford plot may actually be a
combination of two separate lines, one representing males
and one representing females. since the Walford plots were
calculated using different methods, direct comparisons
between Clear lake walleyes and Muskegon walleyes may not be
meaningful.

The growth coefficient (K) can be defined as the rate
at which length tends toward the asymptote or ultimate
length L, (Cushing 1981). Muskegon walleyes had higher
growth coefficients than walleye populations in all three
Alberta Lakes (Table 8). Male and female walleyes captured
in Muskegon Lake had similar growth coefficients and
therefore reached 95% of the ultimate length at
approximately the same time. On the other hand, males from
the three Alberta Lakes had higher growth coefficients than
did the females and consequently reached 95% of their
ultimate length much sooner. The difference was most
dramatic in Marie Lake where the A; o for females was more
than twice the A . of males.

Ninety-five percent confidence intervals were

calculated for the ultimate length using procedures outlined
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by Sokal and Rolf (1973) for estimates derived from least-
squares linear regression. The 95% confidence interval on
the ultimate length of female walleyes (Age X and under) was
+/- 0.23 inches (0.58 cm) and for males it was +/- 0.25
inches (0.64 cm). However there were fourteen females and
nine males captured at Croton Dam that exceeded their
respective ultimate lengths +95% confidence interval. This
phenomenon may be due to random variability. Carlander and
Whitney (1961) also captured several fish larger than the
ultimate length calculated with fish aged II through IV.
Although this may be attributed to problems with a plot that
includes both sexes, they felt that the phenomenon could be
caused by differences in growfh patterns for larger fish or
a difference in the ability to read the scales (and
therefore estimate ages) of larger fish.

Explanations presented by Carlander and Whitney (1961)
may also apply to the Muskegon River spawning population.
However, because the Muskegon River system is not a closed
system immigrants from a faster growing population could
move in with the spawning run or slower growing, older
individuals sampled at a higher rate could be biasing the

estimated ultimate length below the actual ultimate length.

Weight-Length Relatjonship
The relationship between weight and length can be

described mathematically by W=aL® and is used primarily to
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estimate either weight or length from the other. Six
different weight-versus-length relationships were calculated
for Muskegon Lake walleyes since the relationship may be
affected by the sex and spawning condition of the fish.
Weight-versus-length relationships were calculated for males
captured in 1983 and 1987, ripe and green females in 1986
and 1987 and spent females in 1986 and 1987. A t-test was
used to determine differences between slopes and intercepts
calculated for each year, in each of the three categories,
and a significant difference was found between both the
slopes and intercepts of the lines calculated for spent
females in 1986 and spent females in 1987 (calculated t
slopes=2.165, t intercept= 6.967). There was not a
statistically significant difference between the slopes and
intercepts for the other two groups (ripe and green females
1986 vs ripe and green females 1987 and males 1986 vs males
1987). therefore, two new weight-versus-length
relationships were quantified; one for all males and one for
all ripe and green females. The slopes and intercepts were
tested and no significant difference between slopes or
intercepts was detected (Student's t value for the
intercepts= 1.157, Student's t value for the slopes= 0.348).
One equation was used to quantify the weight-versus-length
relationship for all gravid males and females (logW=-4.1739

+ 3.5598(log L)), one equation for spent females measured in
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1986 (logW=-2.776 + 2.5238(logL)) and one equation for spent
females captured in 1987 (log W=-3.203 + 2.830(logL)).

The value of "b" from the log weight versus log length
equation can be used as an indicator of fish growth form. A
“b* value equal to 3 indicates symmetrical or isometrical
growth while a "b" value greater than 3 indicates allometric
growth which means the fish are heavier at each length as
they grow larger. The value "b" is influenced by spawning
conditions and was above three for gravid Muskegon walleyes
but below 3 for the spent females.

It is difficult to make generalizations about the
growth form for the entire year since growth form estimates
are partially dependent on spawning condition and it is also
difficult to compare to other studies unless similar methods
were used. Spangler et al. (1977) calculated a weight-
length relationship of log(W)=-5.683+3.456 log(L) for gravid
walleyes collected in the Moon River, a tributary of Lake
Huron, Kempinger and Carline (1977) calculated a
relationship of log(W)=-5.14 +3.10 log(L) for walleyes
captured while spawning in Escanaba Lake, Wisconsin and
Craig and Smiley (1986) calculated a relationship of
log(W)=-1.69 +3.044 log(L) for gravid females from Wolf
Lake, Alberta. The "b" value for gravid Muskegon River
walleyes was greater than "b" values from the other gravid
populations indicating that adult Muskegon walleyes were

heavier at a given length (Table 9).
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Table 9. Constants a and b estimsted from length versus weight relationships
presented by other investigators. The constant a is dependent on
the units of length and and weight but the b value is independent of
units. All units sre inches and pounds unless otherwise noted.

Location and Date Log a b

Muskegon River
1986- 1987
males and femsles -4.17 3.560 (gravid)

smith end Pycha (1961)
Red Lks. Minn. -3.55 3.049

Muth and Wolfert (1986)
W. Lake Erie 1964-67

[ ] -5.69 3.270
f -5.73 3.292
1974-1977

» -5.7M 3.280
L4 -5.88 3.344
1981-83

[ ] -6.03 3.386
f -6.12 3.422
Kempinger and Cerline (1977)

Escanabe Lake, Wis. 1965-69 -5.14 3.10 (gravid)
Carlander and Payne (1977)

Clear Lk., lowa -5.41 3.141
Spangler et al. (1977) (units are cms and kgs)

Lk Huron

Mississagi River -4.77 2.907

Moon River -5.68 3.456 (gravid)




82

Although the "b" value yields information about growth
forms, variations in weight at age between populations can
be seen more clearly by back calculating weight at each year
of life using estimated lengths and a weight-versus-length
relationship. The lengths and weights of the seventeen
juveniles captured in 1986 were combined with all gravid
adults and a new regression equation was calculated:
LogW=3.7667+3.2578 (LogL). this relationship was used to
estimate weights at each age. Average back calculated
weights at each age and average actual weights measured from
gravid walleyes captured at Croton Dam are presented in
Table 10. The actual weights and the back calculated
weights are generally similar for walleyes aged V through
VII. Since back calculated lengths were used to estimate
weights it is not surprising that the average measured
weights of age III male walleyes and age 1V female walleyes
were higher than estimated weights. The same phenomenon was
noted for back calculated lengths and attributed to the
capture of faster growing members of the younger year
Cclasses.

Muskegon River system walleyes were heavier at each age
than walleyes captured by Kempinger and Carlander (1977) in
Escanaba Lake, Wisconsin and by Smith (1977) in Red Lakes
Minnesota (Table 11). However, walleyes (males and females
combined) from Western Lake Erie were heavier than walleyes

captured in the Muskegon River (Regier et al. 1969). This
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B-Calc.

Number \Weight

Actusl

Age Sex* Number Weight

Actual weights (pounds) of gravid walleyes captured at Croton Dam compared
1986

to back calculated weights of gravid walleyes.

Table 10.
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Table 11. Back calculated weights (pounds) of Muskegon River walleyes compared to average weights
of walleyes from other areas.

Location Average Weight at each Age
and
Date Sex I 11 111 v v vl Vil VIl IX X XI
Red Lakes, Minmn. » 0.05 0.18 0.36 0.58 0.79 0.95 1.12 1.29 1.44
Smith and Pycha (1961) f 0.05 0.18 0.36 0.59 0.82 1.08 1.34 1.62 1.98
Western Basin, Lk. Erie comb, 1.19 2.11 3.09 3.80 4.96 6.87 8.54
Regier et al. (1969)
Escanaba Lake, Wis. comb. 0.31 0.56 0.85 1.28 1.75 2.32 3.05 3.7
Kempinger and Carline (1977)
Muskegon River (1986-1987) m 0.07 0.43 1.11 1.86 2.52 3.27 3.89 4.41 4.9% 5.29
f 0.09 0.57 1.60 2.91 4.10 5.18 6.17 7.00 7.55 8.06 8.07
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is especially noteworthy since the weights of females alone
may have been substantially higher if they were not averaged
together with the males.

The larger, spent females captured in 1987 were heavier
than spent walleyes of the same length captured in 1986. It
was surprising that only spent females showed a difference
in length-weight relationships between years. The
difference may be attributable to a difference in sampling
techniques between the two years. 1In 1986, most of the
spent female walleyes were spent when they were captured and
weighed as such. However, in 1987, most of the spent
walleyes were fish that had been kept for eggs and were
weighed after fisheries personnel removed the eggs.
Eschmeyer (1950) estimated that up to 2.8% of the eggs were
left in the ovaries of females that spawned naturally.

Field personnel may have removed a lower percentage of eggs
than would have been spawned out naturally.

If the assumption is made that all of the fish are from
the same population (not sub-populations arriving from
different areas and ripening at different times) then the
difference in weights between gravid fish and spent fish
could be attributed entirely to the loss of eggs. The
difference in weight at each length is plotted in Figure 14
and females 28 inches (71 cm) would yield roughly 1.0 to 1.3
pounds (0.45 to .60 kg) of eggs. It may be useful in some

modeling exercises to calculate the change in biomass from
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pre-spawning to post spawning populations and to calculate
the biomass devoted to egg production. However, no attempt

was made to calculate these estimates.

Instantaneous Growth Rates

Instantaneous growth rates were computed using back
calculated weights and the following formula:
G= 1n(Wn+l)<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>