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ABSTRACT -l guantified movement and spawning-lake fidelity for walleye
Sander vitreus and muskellunge Esox masguinongy in the Manitawish Chain af 10
interconnected lakes in Vilas County, Wisconsin, | marked 7 427 walleye (55-2, 720 per
lake) and 481 muskellunge (24-99 per lake) with T-bar anchor tags and 34 walleye and
36 muskellunge with radintags Tags were recovered from catches in electrofishing,
trap netting, voluntary angler returns, tripal spearnng, and angler creel surveys From
May 2004 te October 2005, 23% of all walleye tagged and 19% of all muskellunge
lagged were recoyered During that period, 85% of walleye (17-95% per lake, 1,710
tags, 19-555 tags per lake) and 59% of muskellunge (0-92% per lake; 92 tags, 1-18
per lake) were recovered in Ihe same lake in which they were tagged OFf 1 152 lag
returns (2-302 per |ake) for walleye and 58 tag retumns (011 per lake) for muskellungs
B7% of walleye (33-97% per lake) and 55% of muskellunge (0-91% per lake) spawned
in the same lake 1n 2004 and 2005 Walleye movement rale increased with the number
of outlets that connected each lake to other lakes in the chain 11% |n lakes with one
conneclion, 21% in lakes with two connections. and 50% in lakes wilh three
connections Muskellunge movement rate also varied with the number of oullets that
connected each lake to other lakes in the chain: 74% from lakes with one connection to
other lakes, 26% from lakes with two connections, and 50% fram lakes with three
connections. My results indicate that most walleye spawned and stayed In the same
lake, but that many muskellunge did nol spawn or stay in the same lake in the
Manitowish Chain in 2004 and 2005. | recommend that angling and spearing fisheries

be managed for individual lakes for walleye and enfire lake chains for muskellunge
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INTRODUCTION

Many fish species move daily or seasonally within and amang waler
bodies to fulfill their life history needs  Management of fishenes 1or such mobile
populations s often hindered by lack of knowledge of thesr pattems and rates of
movement (Rasmussan et al 2002) Fisheries biologists must know if different
spawning runs mix freely in lakes or maintain discrele populations (Rawson
1957) Despite widespread knowledge that fish move, movement pattems are
usuzlly only qualitatively known (Rasmussen 2002), For example, movement
rate and spawning site fidelity of walleye and muskellunge in lake chains have
rarely been quantified Studies of movement rate may quantify previously
gualitative knowledge of fish movement (Schwartz et al. 1993), assess
interactions betwesen spatially distinct fishenes, or define discreleness of fish
stocks (Hilborn 1990) Such estimates of movement rate and spawning site
fidelity can thereby aid in determining if mobile populations should be managed

as separate discrele populations or as a single population (Schwartz al al 1993)

The Wisconsin Department of Natural Resources (WDNR) and the Greal
Lakes Indian Fish and Wildlife Commission (GLIFWC) cooperatively manags
angling and spearing fishenes for walleye and muskeliunge in the northem third
of Wisconsin (1.e the ceded territory, BIA 1991, BIA 2003, Figure 1) Within the
ceded territory, walleye occur in 919 lakes and muskellunge occur In 623 lakes,
Duning 19801989, angling accounted for 75-85% of all walleye harvested in
northern Wisconsin, whereas spearing accounted for only 15-22% (Staggs

1988) The management system for walleye and muskellunge fisheries in the



ceded temitory of Wisconsin grew from a federal court decision that specified
melhods by which *safe harvest” levels should be set for spearing (Hansen 1985,
Staggs 1989; Staggs et al 1990; Hansen et al. 1991). The angling fishery is
ragulated with daily bag and minimum length limits. within a season thal runs
from the first Saturday in May through February for walleye and from the last
Saturday in May through November for muskeallunge. The spearing fishery 1s
regulated with individual nightly bag limits that account for the allowable spearing
harvest on each |ake each night with & season focused in April (Staggs 1989,
Staggs et al 1990). Winter ice speanng of muskellunge 1s currently regulated by
a length limit (1 muskellunge may be of any size, and thereafter. half of the

muskellunge speared must be longer than 32 inches; no bag himit)

Walleye and muskellunge are popular sport-fish in Wisconsin Al present,
ihe literature contains little basic behavioral information on sither species
thereby resulting In much speculation about habits (Dombeck 1979) Biologists
need to know behavioral information to make intelligent management decisions,
such as setting stacking and harvest quotas, and identifying and protecting
spawning areas Tagging and mark-recapture studies provide useful methods for
answering fisheries management questions. Yet, knowledge of he life hustory of
Ihese species remains incomplete. especially regarding movement and spawning

within chains of lakes.

Wisconsin has many lake chains that vary in total acreage, number of
takes. and degree of connectivity Fish may or may not use all lakes in the chain

Whalleye and muskellunge populations require species-speacific spawning

LAY



habitats. and therefore, differ in the distance they move to reach historic
spawning areas (Colby el al. 1979). Knowledge of fish movement and spawning
\ake fidelity are important because one lake in a chain may have excellent
spawning habitat whereas other lakes in the chain may have excellent feeding
habitat Furthermore, the degree io which fish move from spawning areas to
feeding areas among lakes varies in relation to the distribution of spawning and

feeding areas among lakes (Rasmussen el al. 2002)

Tribal speanng takes place on spawning grounds, where adult walleye
and muskellunge are often harvested. Tagaing studies have generally shown
that walleye and muskellunge disperse widely afler spawning (Stroudt and Eddy
1939 Eschmeyer 1950; Smith et al 1952: Fomey 1963; Minor and Crossman
1978 Dombeck 1979, Strand 1986), Theretore, angler harvest |s not focused
only on spawning areas, but rather, includes the entire lake and encompasses
both mature and immature fish. Because spearnng and angling differ, movement

of fish after spawning further complicates fishery management in lake chains.

Successful management of lake chains relies on an understanding of
species-specific fish movement within and among lakes and years, If walleye
and muskellunge move seasonally among lakes, the number of each species in a
lake at a particular ime may nol be related to lake area or the spawning
population of that lake In such systems, quolas based on lake-specific
populiation estimates may not effectively regulate harvest for all sub-populations
sa should be set based on sub-populations within groups of lakes or overall for

some combination of lakes (Rasmussen el al. 2002),



Walleye and muskellunge movement after spawning can be axtensive in
lake chains. If walleye move seasonally mmong lakes. the number of walleye in a
lake at a particular time may not be relaled (o lake area of the spawning
population of thal lake Rasmussen &t al (2002) found up to 29% of walleye
marked during spawning in four small lake chains (2-5 lakes per chain) in
nerthern Wisconsin moved to other lakes within the chain after spawning.
Muskellunge also move extensively during pans of the season in large lakes, and
presumably. lake chains (Minor and Crossman 1978; Dombeck 1979 Miller ang
Menzel 1986a; and Strand 1986), Miller and Menzel (1986b) found that after
spawning, muskellunge moved from littoral areas into pelagic waler as the
season progressed. This suggests that mark-recapture estimates of adult
abundance al spawning are appropriate for satting lake-specilic spearnng quotas
but not for setting lake-specific angling regulations,

My objectives were to determine (1) If walleye and muskellunge use
multiple lakes In the chain for spawning and feeding, and (2) if walleye and
muskellunge spawn in the same lake in a chain in successive yaars These
objectives were aceomplished through a mark-recapiure study from spring 2004
through spring 2005 in which walleye and muskellunge were marked with
individually-colored and numbered T-bar anchor tags to monitor long-term
movement and a sub-sample were filled wilh radio transmitters to quantify shorn-
lerm movements. | quantified movemant from spawning lakes 1o other lakes in

the chain from recaptures of T-bar and radio-tagged walleye and muskellungs



dunng the year and spawning-ake fidelity from recaptures of tagged walleye and

muskellunge In successive spawning runs in 2004 and 2005

METHODS

Study Ares

Wisconsin has 18 chains of lakes that vary in acreage (289-2587 ha),
numbers of lakes (2-16 lakes), and degree of connectivity (number of
connections to other lakes). The Manitowish Chain is one of the larger chains in
both acreage 1645 ha) and number of lakes (10 lakes). The Manitowish Chain
includes Alder (111 ha), Clear (225 ha), Fawn (30 ha), Island (414 ha). Little Star
(93 ha) Manitowish (205 ha), Rest (246 ha). Spider (110 ha), Stone (56 ha) and
Wild Rice (153 ha) lakes {Schneberger 1963, Table 1; Figure 1). The Manitowish
Chain has four inlets and one outlet Inlets include. Rice Creek and the
Manitowish River flowing into Island Lake, Trout River flowing into Wild Rice
Lake, and Papoose Creek flowing into Rest Lake. Woater flows northeast (oward
Rest Lake where a small low-head dam forms the chain. The outlet 1s the

Manitowish River that flows to the Turtie-Flambeau Flowage
Marking

Immedialely after ice out on 20 April 2004, fyke nets were set to caplure
walleye for marking. Fyke nets were fished through the peak of walleye
spawning (25 Apnl 2004), when the water temperature was approximately 45°F
Sampling effort included 56 nets fished for 6 nights (336 netl nights] in 2004 on

known walleye spawning habilat:



For each walleye captured, gender was delermined by extrusion of
gameles, total length was measured to the nearest 0.254 cm, a T-bar anchor tag
was affixed below the spiny dorsal fin, and a fin was marked by partial removal
Each lake was assigned a specific pnmary fin clip(s) and each T-bar anchor tag
was individually numbered and colored according o lake (Table 1), Adult
walleye were defined as sexually mature fish (by extrusion of gametes) or fish of
unknown sex longer than 38 1 cm (Beard et al 1997) Only walleye longer than
254 cm and of known sex were tagged and marked with the prnmary fin clip
specified for each lake. All walleye of unknown sex longer than 25.4 cm but
shorter than 38 1 em, were tagged and marked with the secondary fin clip (top
caudal clip), After marking, fish were released away from the capture site in the

same lake to avoid recapture bias

A sub-sample of walleye (N = 34) were fitted with radio transmitters that
were implanted in the body cavity after anaesthetization with carbon dioxide.
Five female and nine male walleye were radio-tagged in Clear Lake and eight
female and 12 male walleye were radio-tagged in Island Lake. Surgical

procedures followed methods described by Hart and Summerfell (1975)

Fyke nels were also used lo caplure muskellunge for marking. Fyke nets
were fished, and muskellunge were marked, from ice out on 20 Apri) 2004
through the peak of muskellunge spawning on 13 May 2004, when the waler
lemperature was approximately 55°F Sampling effort inciuded 56 nets fished for

11 nights (616 net nighis) in 2004 on known muskellunge spawning habitat



Muskellunge were marked in a fashion similar to walleye For each
muskellunge captured, gender was determined by exlrusion of gametes, total
length was measured to the nearest 0,254 cm, a T-bar anchor tag was inserted
near the dorsal fin, and a fin was marked by partial removal Each lake was
assigned a specific pnmary fin clip(s) and each T-bar anchor lag was individually
numbered and colored according to lake (Table 1). Adult muskellunge were
defined as sexually mature fish (by extrusion of gametes) or fish of unknown sex
longer than 50.8 cm. Only muskellunge longer than 50.8 cm and of known sex
were marked with the pnimary fin clip specified for each lake All muskellunge of
unknown sex shorter than /6.2 cm were tagged and given the secondary fin clip

(top caudal clip)

A sub-sample of muskellunge (N = 36) was fitted with radio transmitters
implanted in the body cavity after anaesthalization with carbon dicxade
Seventeen female and 19 male musksllunge were radio tagged in the chain
Surgical procedures followed methods described by Hart and Summerfelt (1975),
After marking, fish were released away from the capture site in the same lake to
avoid recapture bias. Two tag types, (T-bar and radio) were used lo avoid any
tvas related lo tag returns

Recapture

On 25 Apnil 2004, at the peak of walleye spawning, fyke nets were
removed for one night from all lakes Iin the chain and electrofishing was used o
sample all lskes for recaptures. This electrofishing run was also used to mark

additional walleye and muskeliunge and to aslimate imtial movement of marked



fish Duning this run, all walleye and muskellunge collected were axamined for
tags and marks Each unmarked fish was marked using the profocol described
above Tag number, tag color, lake location and date were recorded for all

marked fish recaptured.

After the first recapture run, fyke nels were reset and fished unhl 13 May
2004, to mark additional walleye and muskeliunge. Each new unmarked walleye
or muskellunge was marked using the protocol described above Fyke netting,
electrofishing, angling, tribal spearing, and creal surveys that ran from the first
Saturday in May 2004 through 1 October 2005 were used to récapture marked
fish and estimate If walleye and muskellunge use multiple lakas n the chain for

spawning and feeding.

In 2005 fyke nets were set immedialely after ice out on 14 April lo
getermine if wallaye and muskellunge spawn In the same lake In successiye
years. Fyke nets were fished for seven mighls, through the peak of walleye and
muskellunge spawning (20 April 2005), when the waler lemperalure was
approximately 55'F Sampling effort included 48 nets fished for 7 nights (336 net
mights). All nets were set on the same siles in 2005 as in 2004, on known

$pawrng habital.

Radio-tagged fish were located weekly by boat dunng the open-water
season. Each lakea in the chain was searched at least once each week during
June, July, and August 2004 Locations of radio-tagged fish were marked with

Global Positiorung System (GPS) Al sach location, date, time of day (24 hour



clock), water depth, temperature, botiom lype, presence or absence of

vegetation, and presence or absence of baitfish was noted if possible

To aid in tag recovery, signs were posted at boat landings and information
was spread by creel clarks Taas were also recovered and voluntarily returned
by anglers This lag-retum syslem was adverlised and coordinated through local
bait shops, guides, chambers of commerce, resorts, mannas, and word of mouth.
Tags were labeled with a mailing address to facilitate their return. No reward

was offered for tag retumns

Data Analysis

| used recoveries of T-bar anchor tags and radio-tagged fish location to
estimate (1) the probability that fish moved from marking locations (spawning
lakes) to other lakes In the chain durng the same open-water year, and (2} the
probability that fish were recaptured in the same marking lake (spawning lakes)
during the course of one year (spawning lake fidelity) Spawning lake fidelity is
defined as fish marked during the spawn in lake x in year 1 (2004) and
recaptured during the spawn in lake x In yasr 2 (2005) Measurement error of
aach movemenl probabilily was estimated using approximate tinomial

confidence limits described by Agrest and Coull (1958

Tag loss was estimated for walleye and muskeliunge caprured in April
2005 as the fraction of fish that lost a tag (retained a fin clip) of the total number
of fish capturad in 2005, similar to a study by Newman and Hoff (1998) Only fish

captured by researchers were used to estimate lag loss to avoid non-recognition



by untrained personnel. Estimales were rot available for fish captured in Rest

and Stone Lakes because lost tags were not reported by work crews (Table 1)

Lakes were grouped by the number of outlets that connected each lake to
other lakes in the chain, to estimale the probability that fish movement differed
among lakes with varying numbers of connections. Probabilities were estimated
in a matrix with elements Py, = the probability of a fish marked in lake m at time ¢,
and recaptured |ater in lake r at time M1 (Rasmussen et al 2002, Table 2) A
matrix was estimated to quantify: (1) movement rates from spawning lakes to
other lakes during the year, but befare spawning in the naxt yaar, and (2)
movement rales from spawning lakes in ane yaar lo spawning lakes in the next
year |did not astmate mortality because interest was solely on movement rates
among lakes in the chain. Movement rates for models without mortalily are the
probability that a fish in lake m al a given ime was in 'ake rat tha next lime

(Rasmussen 2002)
RESULTS
Waleye

| recovared 23% of all tagged walleye in the Manitowish Chain through
September 2005 (1 710 of 7. 427) Of 7 427 walleye marked (55-2, 720 per lake)
In the Manitowish Chain during the two-year study, more fish were recaptured in
May and early June in both 2004 and 2005 than in any other months (Figure 2).
Tag returns were mostly from males (1 075), followed by females (391), and
thase of unknown sex (244), and were proporiional to the numbers of each sex

marked and released (4 834 males, 1 640 females, and 949 of unknown sex),
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Tag loss ranged from 0% to 10.5% per lake for T-bar anchor tags from May 2004

lo April 2005 (Table 1)

The average overall movement rate for walleye was 15% (95% confidence
imerval =13 416 8%) for the entire Manitowish Chain, varied among lakes, and
increased with the number of outlets that conpected each lake to other lakes in
the chain. Based on recoveries of anchor-tagged and radio-tagged walleye, 85%
(B3.2-86.6%) of walleye remained in the same lake in which they were marked
during 2004 and 2005 (Figure 3, Table 3) The average movement rate was 11%
(7.7-14.0%) for walleye in lakes with one connection to the rest of the chain
(Clear, Island Little Star, Rest and Wild Rice), 21% (14.9-27.1%) for walleye In
lakes with two connections (Alder and Fawn), and 50% (48 4-50.8%) for walleye
i lakes with three connections (Manitowish, Spider and Slone, Figure 4). Radio-
tagged fish (N = 34) moved at a rate of 15% (11.5-19.3%) far fish marked and
released In the chain. Over all lakes, 87 % (84 7-886%: 1,000 returns of 1 152
tagged and released) of all lagged sexually-mature walleye were recaptured
dunng the spawning season in lhe same lake in the Manitowish Chain in 2004

and 2005 (Figure 5 Table 4)
Muskeliunge

OFf 491 muskellunge marked (24-99 per lake) in the Manitowish Chain
dunng the two year study (Table 1}, 92 (19%) were voluntarily returned by
anglers and tribal members through Seplember 2005 Anglers returned more
tags in June of both 2004 and 2005 whereas fishery surveys captured most fish

In May of 2004 and June of 2005 (Figure 8), Tag returns were mostly from males
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(68), followed by females (26) and those of unknown sex (B) and weare
proportional to the numbers of each sex marked and released (256 males, 163
temales. and 72 of unknown sex). Tag loss was 6.5% in Clear Lake and 4.1% in
Manitowish Lake for T-bar anchor tags from May 2004 to April 2005 (tag loss

could not be estimated for other lakes in the chain; Table 1).

The average overall movemenl rale for muskellunge was 41% (95%
confidence interval = 31 7-51.5%) for the entire Manitawish Chain, and varied
among lakes (B-100% per lake; Figure 7. Table 5} The average movement rate
was 26% (16.8-34 2% for muskeliunge marked in lakes with one connection to
the rest of the chain (Clear, Island, Littlie Star, Rest and Wild Rica), 73% (53 1—
93.5%) for muskellunge marked in lakes with two connections (Alder and Fawn),
and 50% (38.5-61 5%) for muskellunge marked in lakes with three connections
(Manitowish, Spider, and Stone; Figure 8) Radio-tagged fish (N = 26) moved at
a rate of 45% (39 7-50.9%) for fish marked and released in the chain (Figure 7)
Over all lakes, 55% (42 5-67 3% 32 returns of 58 tagged and released) of all
tagged sexually-mature muskellunge were recaptured dunng the spawning
season in the same laka in the Manilowish Chain in 2004 and 2005 (Figure 9
Table 6).

DISCUSSION
Tag recovery

My results showed that tag-return rales of walleye declined through the
year from spring 2004 10 spning 2005, probably because tagged walleye were

being harvested, dying of natural causes, and losing their tags. Walleye angling

12



on the Manitowish Chain was mos! intense durnng May, so most tags were
returned in May  In addition, many tags were returned after first ice in December
when winter ice-fishing pressure increasad | found that tag loss was negligible,
but other studies found that tag loss was much higher for white bass Morone
chrysops (24 8%), striped bass Morone saxalilis (58%), and lake troul Salvelinus
namaycush (64%), which could account for fewer tags recovered over lime

(Waldman et al, 1991, Muoneke 1982, Fabnzio ef al. 1996)

| found that more tagged walleye were recaptured in 2004 than in 2005,
which was countar-intuitive because more marked fish were at large in 2005 than
in 2004 Fewer tags were returned perhaps because walleye become less
vulnerable to capture by anglers and researchers as they move from shallow
areas in spring to deeper areas later in the year Rasmussen el al (2002)
attnbuted similar results to reduced vulnerability and individual martality
Therefore, reducing the time at large, mimnimizing the number of fish maving
between lakes, increasing recapture effort. and double-tagging could assist in
monitering these mobile populations, Although walleye tag returns decreased
ihrough time, so did public relations around the study area Increased effort by
researchers lo inform the public of the tagging study influences tag return rates
Irn 2004, | attended many public meetings to advertise the project and to solicit
tag returns, whereas In 2005, my effort was greatly reduced, thareby possibly

reducing voluntary lag retums.

My results showad that muskellunge tag-retum rates declined through the

year Most fish were captured by researchers in spring of both 2004 and 2005,

13



Tag retuns from other sources declined throughout the year, probably because
muskellunge were losing tags, dying of natural causes. being harvesied. or were
targeted by anglers at a reduced level Muskalllnge angling on the Manitowish
Chain was most intense in June, so most tags were returned in June Tag returns
decreased into the fall, which is unexpected because muskellunge angler activity
was high in fall No tags were retumed in November or December 2004. Many
tagged fish (49) ware observed during spring surveys in 2005, Similarly, 27% of
tags were returned In April and 18% Iin May in a West Virginia river (Miles 1978)
Haas (1978) found a similar tag-relurn rate (14 0 %) in Lake St Clar Further
some tags from harvest or capture of tagged fish are not reported (Schwarz and
Armason 1990)

More tagged muskellunge were recaplured in 2005 than in 2004, perhaps
because netting effort was greater in 2008 than in 2004. Muskellunge may be
less vulnerable to capture by angling than by other sampling methods or fish may
move from shallow areas where they were more easily caplured, lo deep areas
where they were more difficult to catch over time A high percentage of angler
tag returns (35 0 %) in Middle Island Creek, West Virginia suggested that
muskellunge were easlly and effectively harvested (Miles 1978) Intial
recaptures for northern pike Esox lucius were greatest in the year after marking,
but in some cases, the first recaplure did not occur until 3-4 years after marking
(Miller et al. 2001). Similarly, muskeliunge in the Manttowish Chain may have
strayed lo un-sampied spawning sites, nol spawned in some years, or been

missed because the entire spawning populations were nol sampled Therefore

14



longer study periods, closer monitoring, increasing recaplure effort by
researchers, double tagging and increased public relations could assist in

monitoring these mobile populations,

Movement Rate

| found that walleye moved little between lakes in the Manitowish Chain,
which (s consistent with other studies of walleye populations in lake chains and
large inland lakes. Adult walleye migrations to home feeding areas are likely
learned (Olson &l al. 1978). After spawning, walleye disperse from shallow
spawning areas into deeper waler and may retum to the same feeding areas
year after year (Formey 1963; Olson et al, 1978) The rate of dispersal may be
up to 1 km/d (Spangler et al 1977) In lake chains, movemenl from spawning
areas lo summer feading areas results In movement in or among |akes that
depends on the distribution of spawning areas, prey sultable habitat, and ease of

movement between |lakes in 2ach chain (Rasmussen et al. 2002),

| found thatl walleye lagged in lakes with ane connection In the Manitowish
Chain moved less than walleye tagged in lakes with two or {hree connections,
Partial barriers may restrict walleye movement (Holl et al 1977}, whereas in
more open sysiems, fish have greater opportunity to mave among lakes or within
systems with distinclly different habitats (suitable spawning sites verses feading
sites), For example. | found that some tagged walleye from Resl Lake the most
separated |ake in the Manitowish Chain, moved to all other lakes in the chain,
thereby showing that some walleye ranged widely, while most did not. Similarly,

movement rates by walleye varied greally among lakes in chains, up to 50% for
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some lake populations (Rasmussen ef al 2002) Rasmussen el al (2002)
attributed variation in movement rates to distributions of spawning and feeding
areas, though my findings suggest that the degree of connectivity (number of

connections) 1o other lakes in the chain also nfluenced mavement rate

| found that muskeliunge moved significantly among lakes in the
Manitowish Chain, which is similar 1o other studies of muskellunge. After
spawning, muskellunge disperse from shallow spawning areas into deeper water
and may relurn 1o the same feeding areas year after year The rale of dispersal
may be quite rapid  For example, activity of muskellunge increased graatly soon
after ice went out (Dombeck 1979). Muskellunge movement in spring and fall
coincided with travel to and from spawning and over-wintering areas, which
tesulted in larger mean mavements during this penod, and possibly the rest of
the year (Younk el al 1996) Inlake chains, movement from spawning areas to
summer feeding areas may result in movemeant within or among lakes,
depending on the distnbution of spawning areas, prey, suilable habitat, and eass
of movement among lakes in each chain (Rasmussen et al. 2002) Howsver,
tagged muskellungs moved little dunng summer and had highly variable

mavements in the fall in an Ontano nver (Crossman 1256

| found that muskellunge tagged in lakes with one connection in the
Manitowish Chain moved |ess than muskellunge tagged in lakes with two or three
connections Partial barners can restrict fish movement (Holt et al 1977) In
more open systems, fish have greater opporiunity lo move among lakes or within

systems with distinctly different habitats (suitable spawning sites versus feeding
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sites), Movements from spawning grounds to summer home ranges may be
charactenzed by directed movements that frequently cross large open stretches
of lake (Strand 1986) Johnson (1963) claimed that availability of food was a
factor that Ikety influenced home range size of muskellunge Peak mavement is
in fall, followed by minimal movement during winter and intermediate movement
during summer (Dombeck 1979). For example. tagged muskellunge from each
lake In the Manitowish Chain were found in at least one other lake in the chain
thereby showing that muskellunge can range widely atven Ihe opportunity | also
found that fish lagged in lakes with more than one connection were more often
found in other |akes in the chain than Nish tagged in lakes with only one
connection. This could be caused by factors such as distribution of spawning
and feeding areas, and number and degree of connectivity (length of channels
between lakes) Activily of muskellunge is related to water temperature
(Domebeck 1879) which can cause increased mavement at certain times of the
year, within seasons, and across years Allematively, muskellunge migration 10

home feeding areas may be leamed (Miller and Menzel 1986a).
Spawning Lake Fidelty

| found that most walleye spawned in the same lake In successive years in
the Manitowish Chain, which was consistent with other studies and indicated that
Ihe choice of spawning habitat was likely @ genetically herntable trait. Numerous
lagging studies of walleye confirmed that walleye returned lo the same spawning
sile each year (Stoudl 1939; Eddy and Surber 1947; Eschmayer 1950,

Eschmeyer and Crowe 1955, Crowe et al. 1963, Forney 1963). Walleye appear
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lo have a genetically-based environmental cue that guides them 10 preferred
gpawning habitat (Jennings et al. 1996). In Many Point Lake, Minnesota, many
walleye marked during their spawning runs returhed to spawn at the same site,
despile the avalability of ather spawning areas (Olson and Scidmore 1962). In
Oneida Lake. New York, only two individual walleye changed spawning location
during the season (Formey 1963). From the evidence available, | conclude that
returns of most walleye lo the same spawning lake are non-randorm. Considering
the factors that account for non-random return. | also concludae that this return is

likely a homing behawior (Olson and Scidmore 1962).

| found that some walleye ranged great distances to and from spawning
lakes, but that most post-spawning movement was not extensive, as was also
Irue of walleye in Leach Lake, Minnasola (Olson et al 1978) In Leech Lake,
some walleye appeared o select the same general location for feeding in
successive years (Olson et al 1978). Olson (1978) proposad that wallaye
homing Is an adult lsarned behavior that 18 more strongly displayed by fish with a
home feeding area near a particular spawning site or that is reinforced by
repealed migrations, Spawning migrations from home feeding areas are likely 1o
the nearest spawning sile, though migrations of greater distance may also occur
(Olson et &l 1978) Home range is ofter1 defined as the area in which an animal
tends to stay (Clarke 1954) and is often guantified as the area within which an
ammal spends 90% of its ime (Tufto et al 1996). | conclude that walleye in the
Manitowish chain likely spawn within or near preferred feading sites within their

home range
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| found that walleye moved little in the Manitowish Chain, similar ta other
studies. For example, the average distance between the tagging site and the
point of recovery for walleye in Lac la Ronge was only 3.5 miles (Rawson 1957)
Variation in strenath of environmental stimuli amona years or vanation in
individuals to perceive stimuli may also explain varnation in tag-return rales
among years (Olson and Scidmore 1962) Most walleye tagged In Lac la Ronge
were recaptured close to the point of tagaing. of 281 recaptures, 190 (67 5%)
were within two miles of the tagging site. 43 (15.3%) were within 2-5 miles, 35
(12.5%) were within 5=10 miles, B (2 9%) were within 10-20 miles, and 5 (1 8%)

were within 20-65 miles (Rawson 1957).

| found that most muskellunge did nol spawn in the same lake in
successive years in the Manitowish Chain, which is inconsistent with other
studies that indicate the choice of spawning habitat is a genetic trait. For
example. all muskellunge in the Mississippi River relurned o the same spawning
site in consecutive years, and several fish bypassed other suitable spawning
siles to return to previously-used sites (Younk et al, 1986) Some muskellunge
move greal distances o and from spawning areas and some appear to selecl the
same general location for feeding in successive years. Muskellunge formed two
distinct groups In Lake St. Clair (Haas 1978) Most (61%) muskellunge tracked
in WMiddle Island Creek, West Virgima, moved at (east 0.3 Km from the initial
tagging site and 40% moved out of the pool in which they had been released
(Miles 1978) In West Okoboj Lake lowa, four of nine muskellunge were found

al the same location in two consecutive spawning seasons (Miller and Menzel
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1886a). Some muskellunge tagging studies suggest that muskellunge refum 1o
the same spawning site each year (Strand 1988, Crassman 1956, Johnson 15863,
Miles 1978: Farrell in press), whereas others suggest non-homing behavior
(Miller and Menzel 1986a, Strapd 1986). Homing here refers to the annual return
of spawning muskellunge to a particular spawning sile, (0 his case |lake, rather

than any suitable spawning area (Crowe 1962,

| found substantial mavement by muskellunge among lakes in the same
season which is cansislent with other studies in which muskellunge moved
significant distances afler spawning (Miller and Menzel 1986b; Dombeck 1979,
Crossman 1956) Several other studies have shown that movement increased
with higher water lemperatures (Minor and Crossman 15978) Although spawning
sile fidelily has been shown In other studies, mixing may be essentially random in
spawning populations in the Manitowish Chain. Maovement was highest for
muskellunge in the months of Apnl and October, which may explain low

spawning lake fidelity (Dombeck 1979)

MANAGEMENT IMPLICATIONS

For walleye, | conclude that curren! |ake-by-lake management of angling
and spearing fisheries are appropriale for protecting populations from over-
harvest in chains of lakes. My conclusion is based on my estimates of low
overall movement rates among lakes (15%) and high spawning-lake fidelty
(87 %) of walleye in the Manitowish Chain of lakes. Management of spearing and
angling fisheries for walleye in northern Wisconsin is based on mark-recapture

population estimates that assume fish populations in individual |akes are discrele
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sampling units. Based on my findings, this approach seems jushified in

interconnected chains of lakes.

For muskellunge, | conclude that current lake-by-lake management of
angling and spearing fishenes may natl be necessary to protect populations from
over-harvest in chains of lakes. My conclusion is based on my estimates of high
overall movemenl rales among lakes (419%) and low spawning-lake fidelity (55%)
of muskellunge in the Manitowish chain of lakes. Managemeant of spearing and
angling fishenes for muskeliunge in northern Wisconsin is based on population
eslimates thal assume populations are discrele sampling units. Based on my
findings, this approach does not seem justified in interconnected chains of lakes,
so abundance and resulting harvest quotas should be estimated by a method
that accounts for fish movemeni (Plante at al. 1998 Schwarz and Taylor 1998) or
abundance shoult be estimated over the antire chain of lakes as a single unit,

rather than separalely for each individual lake within the chain

21



Table 1 Lake name, size, number of walleye and muskellunge marked and
recovered, lag loss, and T-bar anchor-tag color In each lake in the Manitowish

Chain of lakes from April 2004 through October 2005

Wal Muskellunge
Lake Area (ha ve ag Loss Marked Hm:':&"rag Loss Calor
ANder 1 11‘:1'1"1-"r'_'§5'_"‘3 164 10% 24 7 T

Hea 25 1186 a7 10. 5% e} 16 8.5% G3reen
Fawn 296 55 18 G 0% 41 A DO% WhitalRed
Iand 440 2720 555 1.5% x ! 0.0% Cirange
Litie Star a7 1] 104 < % n 1 0 0% Rl
Manitowish 24 E 789 65 2 A% £8 AL d, T Wil
Rest 246 1 1150 Hpa M al 13 0 0% Gitey
Spide 1101 ave 82 2 % 48 fl 0. 0% Purgale
Stane 863 75 23 MM 28 ¥ 0 0% Blun
Wiild Rica 153.4 2 = 2 0% 42 2 0.0% Wit/ us

Tokal 16848.7 A 1710 497 82
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Table 2. Probability (P) of recapture in each lake in the Manitowish Chain from
April 2004 through October 2005 P, ; Indicaltes the probability that a fish marked

in & lake was recaptured later in another lake

Maruimg Laie
Resapture Lake | Alder (1) Clear(Z) Fawn (3] liand (4) Lithe Star (5} Wanitowssh (6] Rest(T) Spider (8) Stone (35) Wild Rice [10)

Pl P Pii Py P Pil Pai Py P
P?r‘ L FH pﬁ 1 tﬂ *1?'.' Fl.? FI.I F'i‘

P P!.J FLT. 7 Pa Py Fr. Pu,: ﬂ'uu
P S Pas Pa Fus " Piy Pus e
}H '.I‘H PH PH Plf ;H III ] pl.’i n"il‘
P P Fai Pu P i Py P =ai
Fin Py, A 2N [ ) Py Py u
:u n:i :Il Ell' ‘u ] F" |=‘tl :hl
Pia B " "u o 1 Puy Pas Wl
Pin Ry Pom Pir Pin Pen Pn Pan P
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lable 3 The proportion of walleye that were lagged in April 2004 and recaptured
ihrough October 2005 in each Iake in the Manitowish Chain of ten interconnected
lakes, Vilas County, Wisconsin. Numbers of walleye tagged in each lake are

shown in Table 1

Marking Lake
Recapture Lake | Alder Clear  Fawn Island Little Star Manltowish Rest Spider Stone Wild Rice
Alder TR ooots  gos2 07385 00053 0Dz 02545
Clear as1es 01578 D00 no1Sd 0013 DU244 GDEIS OOTER
Fawn 00059 04737 00012 G003 0024 Q0870
island D0237 04053 09405 Q0288 0384 DUNDE 05655
Little Star 0012z 0 oass 0 &s58 00154 D044 00435 Q0B
Manitowish aara2 Unos4 00573 0 3845 00244 DD43E  OWMED
Rest 00356 01053 00144 DDtSs 0SS0 00386 D260Y
Splder oopst D030 D053 00306 Omeg NOAEZ OO09B D4B7TE 03478
Stone 00089 DOSSE 0001 (11739
Wild Rice 01402 Oo0A 00098 0.6202
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Table 4 The proportion of walleye that wara tagged in April 2004 and recapiurad

while spawning in Apnl 2005 in each lake In the Manitowish Chain of ten

interconnected lakes, Vilas County Wisconsin. Numbers of walleye tagged in

each lake are shown in Table 1

Marking Lake
Recapture Lake | Aar  Cloar Fawn Iskand Little Star Manitowish Rest  Spider Stone Wild Rice
Alder 0970 344 02941 GIv-as] .396%
Clear 0o60E G818 D047 00403 00233 05000
Fawn D29 04545
Island 00909 D B8 00588 00202 DI 01667 D.01E
Lithie Star ARV ) D005 UA2es 0.1765
Manitowish amez o 05259 a4112 0000 Do4AGE
Rost 00043 00903 DO1tA 08274 DOGEA
Spider U043 U008 005 D4 00588 D040 TALE)
Stone 0043 1) 0sca Dotz 00040 00465 O3sT3
Wild Rice 00 000G pn122 D5Bas




Table 5. The proportion of muskellunge that were tagged in Apnl 2004 and

recaptured through October 2005 in each lake in the Manitowish Chain of ten

interconnected lakes, Vilas Counly, Wisconsin  Numbers of muskellunge tagged

in each lake are shown in Table 1

Reca Lake
Alder

Clear
Fawn
Island
Lirthe Star
Manigowish
Aesi
Spider
Eoge
Wild Rice

Warking Laks

Alder Cloar Fawn Island Little Star Manifowish Resl Spider Sione Wild Rice

o574

C251

0 V43S

D743 DEEET O S0od
D3
05000
17 Bl
DELSL
DTS

E-333

o111

D27TE
05556

peE=

n.2500
L 7s0a
0 orEn 02500
ooy a1
HETETY

Qatan DISOT 0EDC
000




Table 6 The proportion af muskellunge Ihal were tagged in April 2004 and

recaptured while spawning in April 2005 in each lake In the Manitowish Chain of

ten interconnected lakes, Vilas County, Wisconsin Numbers of muskellunge

tagged in each lake are shown in Table 1

Marking Lake
Recaplure Lake | Alder Clear Fawn  Island Little Star Manilowish Rest Spider Stone Wild Rice
Alder 0 5000 02857 108080
Elear 1.0000 O.7143 01667
Fawn n3333
Island 1 000
Little Star 0 2500 0 4280
Manitawish 01500 08250 (0 2A57 Rl T
Rast 0 1250 amer
Spider 00E3 DESET eSS
Etone 0 2857
Wild Rice




Figure 1 The ceded territory is shown by the dark line crassing the northem one-
third of Wisconsin. The star indicates the location of the Manitowish Chair,

orientation of lakes within the chain is shown on the right
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Figure 2 Number of T-bar anchor-tag returns for all capture methods of walleye
m the Manitowish Chain, Vilas County, Wisconsin from May 2004 throwgh
February 2005
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Figure 3. Proportion of walleye remaining in each marking (spawning) lake in the
Manitowish Chain, Vilas, County, Wisconsin during 2004 and 2005. Error bars
indicate 95% confidence limils.
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Figure 4 Proportion of walleye recaptured in marking (spawning) lake versus
number of connections (channels) to other |akes in the Manitowish Chain, Vilas

County, Wisconsin during 2004 and 2005 Error bars indicale 95% confidence

limits.
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Figure 5. Proportion of walleye spawning in the same lake in both 2004 and
2005 In the Manitowish Chain Vilas County, Wisconsin. Error bars indicate 95%

confidence limits
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