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ABSTRACT -I quantified movement and spawning-lake fidelity for walleye 

Sander vitreus and muskellunge Esox masquinongy in the Manitowish Chain of 1 o 

Interconnected lakes 1n Vllas Co1.JnW, Wisconsrn. ) marKed 7 427 walleye (5~2. 720 per 

lake) and 491 muskellunge (24-99 per lake) wtth T•bat anchor tags and 34 walleye and 

36 muskellunge with radio-tags Tags were recovered from catches in electrofishing, 

!rep netting, voluntary angler returns, tribal speanng, and angler creel surveys From 

May 2004 lo October 2005. 23% of all walleye tagged and 19% oi all muskell.unge 

taggecf were recovered During that period, B5% of walleye ( '17-95,% per lake, , ,710 

ta.9s, 19-555 lags per la'ke) and 59% of m1Jske.lll.Jnge (0- 92% per take; 92 tags; ·1.18 

per lake) were recovered 1n the same lake 1n which they were tagged. Of 1,152 ta~ 

returns {2-302 per lake) tor walleye and 58 tag returns (0-11 per lake) for muskellunge 

87% of walleye (33- 97% per lake) and 55% of muskellunge (0~91 % r;ier lake) spawned 

fn the sa[T\e lake 1n 2004 and 2005 Walleye movement rate increased with the number 

of 0L1llets 1hat connected each lake la oiher lakes in the ct1a1n 11 % fn {aKes with one 

connection, 21 % In lakes with two connections and 50% 1n lakes with lhrae 

connections Muskellunge movernerit rate also varied with tfie number ot outlets that 

connected each lake to other lakes fn the chain: 74% from lakes with one cor,nection to 

olher lakes. 2.6% fro1T1 lakes With two connection::;, and 50% from lakes w1lh three 

connections My results indicate ~hat most walleye spawned al')d stayl;!d 1n the sarne 

lake, but that many musKe(lunge did not spawn or stay fn the same lake 1n u,e 

Manitowish Chain tn 2004 and 2005. J recornmend that angllng and spearing fisheries 

be managed for 1nd1vidual lakes for walfeye and entire lake chains for muskellunga 
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INTRODUCTION 

Many fish species move daily or seasonally within and nmong water 

bodies to fulfill their life history needs Managemehl of fisheries 1or such mobile 

populations 1s often hlndered by lack of knowledge of the,r paltems and rates of 

movement (Rasmussen el at. 2002) Ftsl:leries biolOQJsls must know 1f different 

spawning runs rrtiic freely in lakes or maintain discrete populations (Rawson 

1957). Despite widespread knowledge 11,at fish move, movement patterns are. 

usually only quahtatively known (Rasmussen 2002). For eJCample, movement 

rate and spawning sit:e fidelity of walleye .and muskellunge in lake Cl'\a1ns. have 

rarely been quantified Studies of movement rate may quantrfy previously 

ql1al1tative knowledge of fish movement (Schwartz et al. 1993), assess 

interactions between spaUalfy disUnct tlsh.enes, or define discreteness of fish 

Mocks {Hllbom 1990). Such estimates of movement rate and spawning site 

fidelity can thereby ald 1n delerm1n1ng if mobile populatJorrs should be managed 

as separate discrete populaUons or as a single population (Schwart? e1 al 1993), 

The Wisconsin Department of N13tural Resources (WONR) and the Great 

Lakes Indian Fish :ind WIidiife Comm1ss1on (GLIFWC) cooperettvely manage 

angling and speanng fisheries for walleye, and muskellunge ,n the nor them third 

of Wisconsin (t ,e the ceded territory, BIA 1991 , BIA 2003, F"igurn 1) W,U,10 the 

ceded territory, walleye occur in 919 la)<as and muskellunge occur In 623 lakes. 

Durtng 1980-1989, angling accounted for 7~5% of all walleye harvested in 

northern Wisoonsin. whereas speanng 9CCOU(lled for only 15-s-22% (Staggs 

1989) The management system for Walleye and muskellunge fisheries 1n U,e 



ceded tem\ory o! Wisconsin grew from a federal court decision that specified 

methods by which ' safe harvest" levels sholJld be set for spearing (Hansen 1989. 

Staggs 1969; Staggs et al. 1990; Hansen el al. 1991). The angling fishery is 

regulated with daily oag and minimum length lil'li its within a season that runs 

from the first Saturoay in May through F41bl'\J.>,Y for walleye- .ind ffor11 the test 

Saturday in May through November for muskellunge. The spearing fishery Is 

regulated with 1ndividw1I nightly bag Hmils Iha\ account for Iha allowable speari(IQ 

harvest on each lake each night with a season focused tn April (Staggs ·1989: 

Staggs et al 1990) Winter lee spearing af muskellunge is currently regulated by 

a length lim1l (1 muskellunge may be of any size and thereafter hair or the 

muskellunge speared must be longer tha1'11 32 inches; no ba.g limit) 

Walleye end muskellunge are popular sport-fish in Wisconsin At present, 

!he literature contains little baste behavioral Information on either species 

thereby restJtting In much specu.lat1on aboot habits (Dorrtbecl< 19791 B10Iog1sts 

need to know behevtoral lnformatIon to make mtellfgenl management decisions, 

st.ich as setting sic.eking and harvest quotas, and identifying and prote'JcUng 

spawrnog areas Tagging and mark-recapture studies provide useful methods for 

11nswenng fishertes management questlo,,s Yet knowledge Of u,e life h1slory of 

these species remains incomplete. especially regarding movement -and spawning 

wItl11n chains of lakes 

Wrsconsin has many lake chains that va1y In tolal acreage, numbe1 of 

!ekes and degree of c:oonectIv1ty Fist, may or l'liay net use all lak.es In the chain 

W-t1lleye and muskellunge populations require species-specific spewrwig 



habitats, and therefore, differ fn the distance they move to reach l'llstoric 

spawning -areas (Colby el al. , 979), Knowledge of fish movem~nt and spawning 

lake ffdellty are l!Tlportant because one iake In a chain may have excellent 

spawning habitat whereas other lakes in l'he chain may have excel lent Feeding 

habitat Furthermore, the degree 1o which fish move from spawning areas lo 

feeding-areas among lakes varies In relation to the distribution of spawning and 

feeding areas among takes (Rasmussen etal. 2002) 

Tribal spearing takes place on spawnfng grounds1 Where adult Walleye 

and muskellunge are often harvested, Tagging studies have generally shown 

lt1at walleye and muskellunge disperse widely arter spawning (Stroudt and Eddy 

1939; Eschmayer 1950; Sm1th el al 1952.: Forney '1963; Minor and Crossman 

1978, Dombeck 1979; Strand 1986), Therefore, angler harvest 1s not focused 

only on .spawning areas, but rather, includes !tie entire lake-and encompasses 

both mature and rmmatute fish, Because spearing and angling differ, movement 

o, fish after spawning further compliccates fishery mariagarnent in lake chains. 

Successflll manc1gement of lake charns relies on an understanding of 

~pecles-specific fish movement within and among lakes and years, If walleye 

and muskellunge move seasonally among lakes, the number of each species fn a 

lake at a particular llme may nol be related to lake area or the spawning 

population oflhal lake In such systems, ,quotas based on lake-specific 

populat,or,i· esuma!es may not efftlctively r€gUlate harvest for all sub.population!> 

so should be se.l based on sub-populations w1ttl'1n groups of lakes or overall for 

some combination of takes (RasmtJssen et al. 2002), 
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Walleye and muskellunge movemont after spawning can be extensive in 

fa'ke chains. If walleye move seasonally among lakes. the .numbvt or walleye in a 

lak.e at a partlc:ular t,ma niay not be relaled to lat<e area Of ttie spawnmg 

population of lhal lake Rasmussen et al (2002} found up to 29% of walleye 

marked durfng spawning in four small lake ctiains (2-5 lakes per chain) In 

northern Wisconsin moved to other lakes Within the chain after spawning. 

Muskellunge. also move extens,vely dunM parts of the season in large takes, and 

presumably, lake cnams (Minor and Crossman 1978; Dombeck 1979· Miller ano 

Menzel 1986a, and Strand 1986). MIIIElf end Menzel (19861:>) found that after 

spawning, muskellunge moved from littoral areas into pelagic water as lhe 

season progressed. This suggests thsl mark-recapture estlmaJ0s ot adult 

abundance at spawning are appropnate for selling lake,.specilie sptianng quotas 

bul not ror sel!lng lake-specific angling regulations 

My objectives were to determine ( 1) Ir walleye and muskellung.e use 

multiple lakes 1n the chaln for spawning and faeding, and (2) if walleye and 

muskellunge spawn 1n the same lake in a chain 1n successive years These 

ot>jecbves·wer,e ~coompl!shed lhtough a mark-recapture study from spnng 2004 

through spring 2005 1n Which walleye and muskellunge were marked W\th 

1ndfvidually-colored and numbered T-tlar anchor tags to moni1or long. term 

movement and e sub-sample were tilted wilh radio transrmtters to quantity shorr­

term movemenis I quantified movsmont from spawning takes to other lakes 1n 

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



rjUnng the year and spawnlng-lake fidelity from recaptures of tagged walleye and 

muskellunge !n sucmess1ve spawn Ing runs. tn 2004 and 2005 

METHODS 

swdyArea 

WIscons1n has 18 chains of lakes that vary fn acreage (289-2587 ha) 

numbers of lak.es (2- 16, lakes), and degree of connectivity (number of 

connections to other lakes). ll1e Manitowish Chain Is one of the larger chalns In 

both acreage r1649 ha) and number of lakes (1 0 takes). The MarntowIsh Chain 

includes ,Alder (1 11 ha), Clear (225 ha). Fawn (30 ha), Island (414 ha), Utile Star 

(99 ha) Manitowish (.205 ha). Rest (246 ha), Sp1de1 (110 he), Stone (56 ha) and 

Wild Rice (153 ha) lakes (Sctmeberger 1963; Table 1; F!gure 1 ). The ManltoWIsI, 

Chain has four infets and one outlet Inlets include: Rice Creek and 1tle 

Manitowish R1verf1owing into Island Lake, T-rou\ River flowing into Wild Rice 

Lake, and Papoose Creek flowing injo Rest Lake. Waterffows northeast toward 

Rest Lake where a small low-head dam forms the chain The outlet ,s the 

Man1towfsh River that flows to the T\/rtle-Flambeau FloWage 

Marking 

Immediately artence out on 20 April 2004, fyke nets were set to capture 

walleye for mark ing" fy~e nets were fished through the peak of walleye 

spawning (25 April 2004 ), when the water temperature was approximately 4S-F. 

Sampling effort included 56 nets fished for 6 nights (336 net nights) ,n 2004 on 

known walleye spawning habitat. 
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For each walleye captured, gender was determined by extrusion of 

gametes, ,to!al length was measured to the nearest 0,254 cm, a T•bar anchor tag 

was affix.eel below tt'\e spiny dorsal fjn , and a firt was marked by partial removal 

Each fake was assigned a specific primary fin clip(s) and each T-bar anchor lag 

was individually numbered and colored according to lake (Table 1 ), Adult 

walleye were defined as sexually mature fish (by ei<trusion of gametes) or fish or 
unknown sex longer than 38 1 cm (Beard et af, 1997) Only walleye longer then 

25.4 cm and of Known sex were tagged and marked With U')e pnmary fin clip 

specified f-or each lake. All walleye of unknown sex longer than 25.4 cm bu! 

shorter than 38 1 cm, were tagged and marked with the secondary fin clip (top 

caudal clip), Mer markin9, 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 rmplanted 1n the body cavity after anaestnetizatiori with carbor, dioxide. 

Five female and nine male walleye were radio-tagged in Clear Lake and elght 

remale and 12 male walleye were radio-tagged in Island Lake. Surgical 

procedures followed methods described by Hart and Summerfelt (1975) 

Fyke nets were also used lo capture muskellunge for marking. Fyke ne1s 

were fished, and muskellunge were marked, from Ice out on 20 AP!il 2004 

through the peak of muskellunge spawning on 13 May 2004. when the water 

t~nperature was approximately ss·F. Samp!Tng effort included 56 nets fished for 

11 nights (616 ne1 nights) 1n 2004 on known muskellunge spawning habitat 

6 



MuskelhJr,ge were marked ,n a fashion simitar to walleye For each 

,nuskellunge captured, gender was delermfned by ex1rusfon of gametes. total 

l1ar:19th 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 w.as 

assigned a specific pnmary fin cl\p(s) and eeth T-bar and)or tag was 11·,a,v,cuall)' 

numbered and colored according to lal<& {Table 1}. Adull muskellunge were 

defined as sexually mature fish (by extrusion of gametes) or fish of unknown sax 

long.er than 50.8 cm . Only muskellunge longer than 50 8 cm ,ind of known sex 

were ma.Ji<ea With the pnmary ftn chp specdied for eaci'l lake A.0 muskellunge of 

unknown sex shoner than 76,2 cm were ~egged and given the secondary fin ctrp 

{top caudal clip) 

A svb-silmplo of muskellunge (N = 36) was fitted with radio transmitters 

implanted 1n the body cavity afier anaesthellzslion with cart:>on dioiode 

Seventeen female and 19 ,nale muskellunge were radio lagged 1n the cha,n 

Surgicar procedures followed methods described by Hart and Summertelt (1975), 

After marking, fish were released away from the capture sfte tn the same lake to 

avoid recapture bias iwo tag types, (T-bar and radio) were used lo avald any 

b,as related lo tag ri!turns 

Recaptara 

On 25 Apro 2004, al the peak of walleye spawning, tyke nets were 

removed for one night from all lakes rn the chain and electrofishing was used to 

sample all fakes for recaptures. Th,s electrofishing run was also used lo marl!; 

;;idd1tiona1 walleye and muskellunge anc1 to &stimate in1t1al movement cf marked 

' 



ltst. Ounng lh1$ run all walleye and l'T'UStkellunge collected were exarntned for 

cags and rnarks Each unmarked fish was marked using the protocol descrlbed 

above. Tag number. tag color. lake loe.11ion and date were recorded !or all 

marked fish recaptured. 

After lhe first recapture run, fyke neli; were reset and fished unhl 13 May 

2004, to marl< addlt1onal walleye and muskellunge. Each new unmarKeo Walleye 

or muskellunge was marked using the protocol described at'Jove Fyke· netting, 

electrofist11ng, angling, tribal spearing, and creel surveys that ran from the first 

Saturday In M;iy 2004 through 1 October 2005 were used to recapture mal'ked 

nsh and estimate If walleye an<1 muskellurige use multipre take!; ,n the ot,ain for 

spawning and feeding. 

In 2005 fyke nets were set immediately after ice out on 14 April lo 

determine 1f walleye and muskellunge spawn tn the same lake In $UcoessiVe 

years. Fyke nets were fished for seven mgfits through the pe-ak of walleye and 

muskellunge spawnlng (20 April 2005), w~icn the water temperature was. 

approximately 55'F Sampl!ng effort inch.1clod 48 nets fished for 7 nights (336 net 

nights) All nets were set on the same ell~ in 2005 as, in 2004, on known 

s,pawn,nQ habitat 

Radio.tagged rfsh were located weekly by boat durmg the open-water 

season. Each lake In the chain was searched at least once each week during 

JUiie. July, and August 2004 Locations 01 ,ad,o-tagged fish were marked with 

Global Position,ng System (GPS). At e.-.ch la<;ation. date. ume or day (24 hour 

a 



clock), water dept!'\, 1emperarure, boticm type. presence or at>S91)ce of 

vegetation, and presence or absence of t,altfish was noted if possible 

To aid 1n t99 recovery, signs woro posted at boat landings and information 

was spread by eteel clerks Tags were also recovered and vo1unlnrily relumecl 

by anglers. This tag-return system was advertised and coord1naled ttm>ugl'\ local 

bait shops, guide$, ctiambers of commerce, resorts. mannas. end word of mouth. 

Tags were labeled with a malling address ·to facilitate their return, No reward 

was offered tor tag returns 

Data Ar,alvs1s 

I used recoveries of T-bar anehor tags and radio-ta_gged r1sh location l(J 

eshmate ( 1) the probab'1lity that fish movod from marking location:; (spawning 

lakes) to other laKes In the chain durrng the same open-water year; and (2) the 

probability that fish were recaptured in the same marking lake (spawning lakes) 

during the course c.,f one year (spawning la.ke ftdehty). Spawning Jake fidelity 1s 

defined as fi sh marked dUring the spawri In lake x 1n year 1 (2004) end 

recaptured during the spawn in lake x 1n l(Wir 2 {2005). Measurement error of 

aactr movement prbbab1hty was estir1111tuc:J, using appro.ximale. b1nom1al 

confidenee limits de~cribed by AgrestJ and Coull (199BJ 

Ta.gloss was estimated for w~l leye and muskellunge· captured 1n Ai-,ril 

2005 as the fraction of fish that lost a tag (retained a fin clip) of 'lhe total number 

of fish captured in 2005, sio,ilar to a sh.idy by Newman and Hoff ( 1998) Only ~sti 

captured by researchers were used to estimate lag loss to avoid no,i.recognilion 

[! 



by unlra1neel personnel Esttmates were not available for fish captured 1n Rest 

errd Stone Lakes because lost tags wore not reported by work crews (Table ..,, ) 

Lakes were grouped by the number of outlets that connected eacil lake to 

other lakes ,n ihe cht1ln lo estimate uie p,obabillty that fish movement differed 

among laKes wItn varying numbers or connoctIons. Probabilitte$ were es\Jmated 

In a matrix wtlh elernents Pmr =- the probabllily of a fish man1ed In lake m al time t, 

and recaptured later In laker al time t+1 (Rasmussen et al 2002: Table 2) A 

matrix was estimated to quantify: ('l} mov6ment rates from spo.wnirrg lal<es. ,o 

other lakes during the year but before spawning in the next year, and (2) 

movement rales rrom spawning fakes. In one year to spawning Jakes In the next 

year I did not estimate mortality because interest was solely on movement rates 

among lakes ,n the chain Movement rates for models without mortality are the 

probabillty li'lal a flsh in lake m at a given 1Ime was In 'ak.e , at the oox.l lime 

(Rasmussen .2002) 

RESULTS 

Wa11eye 

I reoov8f8d ~3<if. ol all ragged walleye tn the Manltowtah Chain lhrough 

September 2005 ( 1 710 of 7,427) 01 7,42? walleye marked (55-2,720 per lake) 

1n the Man1towIsh Chain during the two-year study, moref-ish were recaptured 1n 

May and early June in both 2004 amJ, 2005 than ln any other months (Figure 2). 

Tag returns wera mosUy from males (1,075), followed by females (391J, and 

those of unknown se..< (244). and were propor1Ional to 1t,e numbers of each sex 

maJked and released (4,834 males, 1,640 females, and 94$ (lf unk.nown sex). 

1 () 



ifag. loss ranged from 0% to 10.5% per lake for T-bar anchor tag$ frc,111 May 2004 

lo April 2005 (Table 1 ). 

The average overall movement rah:! for walleye was 'l 5% (95% .confiqence 

interval -"13 4-i€.8%) for the entire Mannowish Chao,, varied among lakes, and 

Increased with \he nurn'ber of outlets that connected each lake to other lakes in 

the chain, Based on recoveries of anchor-tagged and radJo-tagged walleye, 85% 

(133.2-86.6%) of walleye remained In the same lake in Which they were n,arked 

dunng Z0Q4 and 2005 (F19ure"3, Table 3) The average movement rate was 11% 

(7. 7 -~ 4.0%) for walleye in lakes with one connection to the rest of the chain 

(Clear, Jsrand Little Star, Rast and WIid Rice), 2 1% (14,9-27.1%) for walleye fn 

lal<.es with two connections (Alder-and Fawn), and 50% (48.4-50.8%) for walleye 

11, lakes with three connecflons (Manitowish, Spider and Stone: Figure 4). Radlo­

i~gged fish (N =- 34) moved at a rate of 1T5% 111 .5..-19.3%) for fish marked and 

raleased In the chain. Over all fakes1 a7% (84.7-88..6%; 1,000 returns of 1 152 

tagged and released) of all ta~lQed sexually-mature walleye were recaptured 

during the spawning season ,'n lhe same lake In 11,e Manitowish Chain in 2004 

and 2005 (Figure 5 Table 4)c 

Mus/<.ellunge 

Of 491 muskellunge marked (24-99 per lake) in the Manitowish C11ain 

dunng the two year study (Table 1 ), 92 (1 9%) were Voluntarily returned by 

anglers and tribal rriembers through September 2005. Anglers returned more 

tags )n June of both 2004 and 2005, whereas fishery surveys captured most fist1 

In May of 2004 and June of 2005 (Figure 6 ), Tag returns were mostly frorn males 



(56>, followed by females (26) and \hose o f u,'\known sex (8), and war~ 

proportional to the nl,mbers of each sex marked and released (256 males, 163 

females, and 72 or unknown sex). Tag loss was 6.5% In Clear Lake and 4 i % ih 

Manitow,sh Lake tor T -bar anehor tags 1fom May 2004 lo ¾;,t 11 2005 (~ loss 

could not be estimated for other lakes in the ciia,n; Table 1 ). 

The average overall movement rate for rnusl<ellunge was 41 % (95% 

confidence interval"' 31 7-51,5%) for the entire Manitowish Chain, and varied 

among lakes (&-100% per lake: Figure 7: Table 5). The average movement rate 

lit\'85 26% (, 6. 8-3~ 2% l for musl<ellu~e marked in lakes with one co(lnection to 

the rest rof !he chain (Clea, , Island, Little Star. Rest and WJld Rico), 73% (53.1·-

93.5%) for muskellunge marked In lakes with two connections (Alder and Fawn), 

.ind 50% (38.~1 $%) for musk,ellunge mar1(ed ln lakes wl1h thr-ee oonnec\1ons 

(Manitowish, Sp,de, and Stone; FJgur$ 8) Radio-tagged fish (N = 36) moved at 

a rate of 45% (39 7-50.9%) for fish markoCI and released 1n the chain (Figure 7) 

Over all lakes, 55% (42. 5-67.3%; 32 rewrns or 58 laggeo and released) of all 

tagged sexually•meture muskellunge were recaptured during the spawning 

season in trie same !aka ,n lhe Manilowi$t, Chaln in 2004 and 2005 (Ftgure 9; 

rable 6) 

DISCUSSION 

Tag recovery 

My results s11owed that tag,retorn rates Of walleye declined through the 

year-, from spring 2004 lo spring 2005, prob:lbly because tagged walleye were 

l)eing harvested, dying of natural causes, and losing their tags. Walleye angling 
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0" the Manitowish Cha,n was most intense during May, so most tags wers 

returned in May In additton, many tags were returned after first ice in December 

when wlnterie&<flshing pressure increased I found that tag loss was negligible, 

but other studies found that tag loss was mllci'I higher !or wtule bass Morone 

C(lrysops (24 8%) strIpeo bass Moro,ie s.axelilis (58%). and lake troul Salvelmu<:r 

namaycush (64%), which could accounl for fewer tags recovered over hme 

(Waldman at al. 1991, Muoneke 1992; Fabrizio et al. 1996). 

l found thut rnore t.39ged walfeya were recaptured 1n 2004 than 1n 2005, 

which was counter•O'ltu1tive because more marked fish were al l&rge ln 2005 lhan 

rn 2004 Fewer tags wete returned perh~ps because walleye become less 

Vulnerable lo capture by anglers and researchers as they move from shallow 

areas in spnng to deeper areas laterln tha year Rasmussen el al (2002} 

attnbuted slmtlar results to reducecl vutnerabllity and individual mortality 

Therefore, redue1r1g the t,me al large rn1~1m1z1ng tne nwnber of fish mo~ing 

between lakes, increasing recapture effort, and double-lagging could assist in 

1nonItoring these rnobJie populations, Although walleye tag returns decreased 

1tirough lime, so did public relations around the study area Increased effort by 

rasearefters lo inform the public of the tagging study influences tag relum rates 

rn 2004, I atter,ded many public meetings lo advertise lhe project and to solicit 

tag returns, whereas In 2005, my effort was greatly reduced, thereby possibly 

reducing voluntary lag returns. 

My results snowod tnat rnust<allunge tag-return rate$ decl1neo lt'lrou_gh the 

year Most ffsh were captured by researchers In spring of boll') 2004 and 2005. 
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Tag returns from other sources declined ihrougtwut the year, probably because 

rnuskellunge were losing tags, dying o! nelure.l causes. being harvested. or were 

targeted by anglers al a reduced level. Muskellunge angling on the Manitowish 

Chain was most intense ln June, so most tags were retumed 111 June Tag re1urns 

decreased into the fall, which is unexpected because muskellunge angler activity 

was high in ran No tags were returned ,n November or December 2004 Many 

lagged fish (49) were observed during spring surveys in 2005. Similarly, 27% of 

lags were retumed In April and 18% fn Mey In a West VtrgInfa river (Miles 1978) 

Haas (1978) round a similar t:a_g-f'elurn reta (14.0 %) rn Lake SL Clarr F\utner 

some tags from harvest or caph,1re or tag~ed fish are not reported (Schwarz arid 

Amason 1990). 

More tagged rnuekellun~e were recaptured 1ni 2005, than In 2004. perhaps 

oecause netting effort was greater 1n 2006 than fri 2004. Musfcellunge may be 

lass vulnerable to capture by angllng then by other sampling methods or fish mav 

move from shallow areas where they were more easily eaplut ed. to deep areas 

where they were more difficult to catch over tirne A high percentage of angler 

tag returns (35 0 %) In Middle Island Croak.. West Virginia suggested ihal 

muskel(unge were easily and effecttvely narvssleC1 (Miles 1978) lnrhal 

recaptures for northern pike Esox /uctus were greatest ,n the year after marking, 

but in some cases, tl1e first recapture did nol occur until 3-4 years after marking 

(MIiier et al. 2001) S11111\arJy, muskellunge 11, the Manitowish Chain may have 

strayed lo un-sampled spawning sites, not spawned in some yaars , Of0een 

misseo because the entire spawning poputol,ons were not samplo-d Therefore 



lo(\Qer study penods. closer monitoring, increasing recap lure effort oy 

researchers, double tagging, and increased public-relations could assist 1r1 

mon,tonng these moblle populations, 

Movement Rate 

I found that walleye moved 11\lle between lakes in the Manitowish Chain, 

which 1s consistent with other studies of walleye populations in lake chains and 

large rnland lakes. Adult walleye migrations lo home feeding areas are likely 

learne.d (Olson ela1. 1978}. After spawning, walleye disperse from shallow 

spawning .areas into d$eper wa1e1 and may return to the same feedfng areas 

year after year (Forney 1963; Olson et al. 1978). The rate of dlspersaf may be 

up to 1 km/d ( Spangler et al l ~77), In lake cnains. movement from spawning 

areas to summer feedlng areas results In movement In or among lakes that 

depends o~ the distril:)ution of spawnmg areas, prey,, sultab1e habitat, and ease of 

movement between lakes in each chain (Rasmussen et al 2002). 

I found that walleye tagged In lakes Wit11 one connection In the Manitowish 

C<hain moved less than walleye lagged In lakes with two orffiree connections. 

Partial barr/ers may restrict walleye movement (Holl et at 1977)1 whereas in 

more open sysiems, iish have greater opportunity to move amor,g lakes or within 

systems wllh dls!lnclly different habf!ats (suitable spawning s ites verses feeding 

sites), For example, I found that some tagged walleye from Rest Lake, the most 

separated lake in the Manitowish Chain, moved to all other lakes in lhe chain, 

lhe<eby showing lhat~ome walleye ranged widely, while most did not Srm1larly, 

movement ra tes by walleye vaned greatly- .among lakes ln chains, up to 50% for 
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some lake populations (Rasmussen el al 2002}. Rasmussen el 81 (2002J 

altnbuled variation ,n movement rates to dislrtbutions of spawn,ng and feeding 

areas, though my findings suggesl thal the degree of connecllv1\y (number of 

connections) to other lakes tn the diain also 1nf1LJence-d movement rate 

I found lhat muskellunge moved s1~nificanUy among la1<es In the 

Man1tow1sh Chain. which 1s similar to 0U1er studies of muskellunge. After 

spawning, musKellunge dfsperse from shallow spawning areas into deeper water 

and may return lo the same feeding 8f888 year after year The rale of .dispersal 

may b:e quite rapid For example, activity or muskellunge increased greatly soon 

ofter ice went out (Dombeck 1979). Muskellunge movement ,n spring and lall 

coincided Wllh travel to and from spawning and over-wintering areas. Which 

, esulted in larger mean movements during this penod, and possibly the rest of 

lhe year (Younk el al 1996) In lake chains, movement from spawmng areas to 

surnmer feedfng areas, may reslllt in movement wJlhYn or among lakes. 

dependfng on the dlstnbutlon of spawning areas, prey, suitabla habitat, and ease 

of movement among lakes in each chain (Rasmussen et al. 2002). However, 

tagged muskellunge moved llttte d1.mrig :;1Jmmer and had hlghly vanab(e 

movements in the fall In an Ontano nver (Crossman 1956) 

r found that muskellunge lagged ,n lakes with one oonnucllon 1n the 

Manitowish Chain moved less than muskellunge tagged in ja~os with two or three 

connections Partial barriers can reslnc! fish movement (Holl et al 1977) In 

more open systems. ftsh have greeter o!)DO(tuntty to move among lakes or within 

5ystems w,th d18t1naly drfferent habitats (suitable spawning .sites versus feeding 
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sites). Movements from spawning grounds to summer home ranges IT!ay be 

charac;lerized by directed movemenls that frequently cross large oper1 stretches 

0f lake (Str:and 1986). Johnson (1963) claimed that availability of food was a 

factor that likely influenced home range size of muskellunge. Peak movement l s 

1n fall1, followed by minimal movement during winter and intermediate movernent 

during summer (Dombeck 1979), For example. tagged muskellunge from each 

lake 1n the IV!anltowish Chain were found 1n at least one other lake 1n the chain, 

thereby showing that muskellunge can range widely glven lhe opportunilY I also 

found that fish tagged in laKes With more than one connection were more often 

found ii, o\her lakes in lhe chain than fist, iagged 1n lakes with only one 

cpnnectlon. This could be caused by factors swch as distribution of spawning 

Bild feeding areas, and number and degree of coni,ectivity (length of channels 

between lakes). Activity or muskellunge is related to wal.er temperature 

(Oomebeck 1979), whrch can cause increased movement at certain limes of the 

year, W1thin seasons, and across years Alternatively, muskellunge m1grahor:i lo 

home feeding areas may be learned (MIiier .and Menzel 1986a). 

SpawnTng L~xe F,delily 

I found that most walleye spawned in the same lake 11n successive years 1n 

the Manitowish Chain, wl1ich was consistent with other studies and 1nd1cated that 

lhe cnoice of spawning habi tat was 11Kely ;a genetically l1entable trait Numerous 

tagging studies of walleye confirmed that walleye re1urned lo the same spawning 

site each year(Stoudt 1939; Eddy and Surber1947; Eschmeyer 1950: 

Esctimeyer and Crowe 1955; Crowe et al. 1963, Forney 1963), Walleye appear 
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II> have a genetically-based' environmental cue ltiat guides them to prefeited 

epawning habftal {Jennings el al. 1996). In Many Point Lake, Minnesota, many 

walleye marked during their spawning runs- returned to spawn at the same site, 

despite lhe ava1lab1hty of other spawrnng areas (Olson and SC:Jdmote 1962). In 

One1da Lal<e. New York. onty two 1nd1vldUat walleye <:hanged spawning location 

during the season {Forney 1963). From the evidence avanable, I conciude tnat 

returns of most walleye lo the same spawning. lake are non-random. Considering 

the factors that account for non-random return I also oonclude that this return ts 

likely a homing benav,or (Olson and Sc,dmore 1962). 

t round that some walleye ranged great distances to and from spawning 

lakes, but that most post-spawning movement was not extensive, as was also 

true of walleye 1n Leech Lake. Minnesota (Olson et al 1£178) In Leech Lake 

some walleye appeared to select the same general location for feedil'lQ 1n 

successive years (Olson et at 1978). Olson (1978) proposed that waJleyt: 

homing is an actuU teamed behavior 1hat Is more strongly displayed by fish with a 

home- feeding area near a particular spawning slte or that is reinforced by 

repeated migrations Spawni(lg m1gr.ations from home feeding areas are tlkely 10 

the nea1est spawning site though rnigral1ons. of greater distance may also occur 

(Olson et al 1978) t-lome range is often defined as the area in which an animal 

tends to stay (Clarke 1954) and is often quantified as the area wttllfn Which an 

animal spends 90% of Its lime (Tufto et al 1996). I conclude 1hal walleye in the 

Manitowish chain llllety spawn w1thrn or near preferred feeding sites Within their 

home range 
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I found that walleye mo11ed little in the Manitowish Chain, similar to other 

studies. For example, the average distance bet'ween the tagging site and the 

po1mt of recovery for Walleye in Lac la Ronge was OfllY 3.5 mlles (Rawson 1957) 

Variation In s1ren_gth of en11ironmentaf stimuli among years or 11ariatlon in 

Individuals to percei11e stimuli may also ei<plaIn 11anation fn tag-return rates 

among years (OJsdn and ScTdmore 1962) Most wal leye tagged In Lac la Ronge 

were recaptured close to the point of 1aggtng: of 281 recaptures, 190 (67 5%) 

were w1thin two miles of the tagging site, 43 (15.3%) were Within 2-.S miles, 35 

( 12.5%) ware Within 5-1 o miles. 8 (2 9%) were within 10-20 mlles, ands (1.8%) 

were w'dt,in 20--65 miles (Rawson 1957). 

I found that most muskellunge did not spawn in the same lake in 

successive years Tn the Manitowish Chafr,, which is inconsistent with other 

studies that indicate the choice of spawr:itng tlabltat ls a genetic trait. For 

eJ<ample, all muskellunge in the Mississippi River returneo to the same spawning 

s ite in consecutive years. and several fish bypassed other suitable spawping 

sites to return to previously-used sites (Younk et al. 1996). Some muskellunge 

Ir1ove great distances to and From spawning areas and some appear to select the 

same general location fo1 feeding ,n successive years. Muskellunge formed two 

dtstinct groups In Lake St. Clair (Haas 1978) Most (61%) muskellunge tracked 

,n Middle Island Creek, West Virginia, moved at least 0.3 l<m from the initial 

tagging site and 40% moved out of the pool in Which they had been released 

(Miles '1978) In West Okoboji Lake lowc1, four or nine muskellunge were found 

al the same 1ocatIor, in two consecllllve spawning seasons CMtfler and Menz.el 
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1986a). Some muskellunge tagging studies suggest that muskellunge return lo 

the same spawning site each year ( S\rand 1986! Crossman , 956; Johnson 1963; 

MIies 1978: Fan:ell in press) , whereas others suggest non-homing behavior 

(Miller and Mem:el 1986a, Strand i986) Morning here refers to the annual return 

of spawning muskellunge lo a partfcular spawning site, rn lh1S case lak.e. rather 

ihan any su1table spawning area (Crowe 1962), 

r round substantial movement by muskellunge among lakes 1n the same 

season, which ,s consistent with other studies [n whTch muskellunge moved 

significant distances after spawning (MIiter and Menzel 1986b; Dofllbeck 1919; 

Crossman '1 956) Several other studies have shown that movement Increased 

wrth htgher water temperatures (Minor and Crossman 1978) Al\hougn spawning 

site fidelity has been Shown In other studies, m1>1lng may be essentially random in 

spawning popu'lauons fn the Manitowish Chain Movement was 111ghesl for 

muskellunge in lhe months of April and October, which may explain low 

spawning lake fidelity (Oombeefl. 197~) 

MANAGEMENT IMPLICATIONS 

For walleye, I conclude that curreral lake-by-lake man.agernent of an'glfng 

and spearing fisheries are appropriate for protecting populations from over­

harvesl in crains of lakes, My conclusioni is based on my estimates of low 

overall movemen1 rates among lakes (15%) and high spawning-lake fid•etity 

(87%) or walleye In the Manltowrst1 Chain of lakes. Managemenl of spearing and 

-angling fisheries for walleye in northern W isconsin 1s based on mark-recapture 

pqpulahon estimates lhat asswne fish populations in individual l'akes are discrete 
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sampling units. Based on my findings, th-is approach seems JU&lif1!ld In 

Interconnected chains of lakes. 

For muskell!.1(198, I conctude mat current laKe-by-lake management of 

angling and spearing fisheries may not be necessary to protect populations frorn 

over-tiarvest in chains of lakes. My ~nclualon is based on my estimates of high 

overall movement rates among lakes (41 %) and low spawning~lake fidelity (55°J,) 

of muskellunge ,n the Manitowish cf,a,n ol lakes Management ol spearing and 

:mghng fist,enes for muskellunge in northom Wisconsin 1s baseo on populauon 

.?Stimates that assume populations are d1:acrete sampling un,ts Based on my 

findings, th,s approach does no\ seem ius11fied in 1n\eroonnected chRins of lal<es, 

so abundance al"!d resul.ling harvest quotas should be estimated by a method 

thal accounts for fish movement !Plante et al. 1998. Schwarz and Taylor , 998) or 

abundance shoultl be estimated over the en11re cha,n of lake$ es a smgle u.nit. 

rather than separately fer ~ach md!v1duaJ la~o wJlhin the chain 
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Table 'f Lal\e name, size, number of walleye and musJ<ellunge marked and 

recovered tag toss, and T•bar anchor-tag color In each laKe fl'I the Man itowish 

Cham ot lakes from April 2004 throu9h October 2005 

Lake Ar·t<> (ha) Mar~iid 
Walleye 

~eooverea Ti39 Coss ~arked 
Mus~el1un12e 

necove,edl T-ag Coss Color 

f,,Jder 110 11 963 164 1 (I,% 24 7 0.0% - Vallow 
(;Joa1 22,,16 11$6 J'S'/ 10.,. 89 18 6.5% a,.~n 
l"awi, 29V 55 Ill 0~ .. , 8 0 0% Wlllt~•d 
1Ela"'1 , , .. o 2120 sss 1 !'11~ 32 0~ Ot~Q• 
UllleSla, 9ti 3!lll 1(14 1 II,'\\ .!T ,~ 00% ~•d 
MantlOMSh 204.5 ?811 65 , '"' M 17 4,~ vVMt< 
Re&l 24& t 1150 :!Ud NA iJ I 13 0 O')(, G!ey 
Sp1Cle, 110 l 379 82 2 fl% 49 8 O.O•A, f'l.1.1rph--. 
Stone 66 3 7!, 23 NA 28 1 0.0% Oh,~ 
Wild Rica 159 4 221 55 2 ·11114, 42 2 0.0% Whr!A/Olue 

Total 1548.7 1'4'n ,,,o ~91 92 



Tabte 2 Prot>at>illtY (P> of recapture 1n eacn lake 1n the Manitowish Chain from 

,April, 2004 lhrough October 2005 P1,1 indicates the probability that a fish marked 

in a lake was recaptured later in another lake. 

11.t'l!gW. 
,_plll}"fl.ake Alder (1f aeiql) fiWll (.'j lsbnd('l l./llltSta-ill} h,ilc,,ist, (6) lwst(l} Spdtr(8) SIIN(9l W'ildl&.e(IDI 

A!derll F'., "1t P,. P., P,, P.i o,. P1, P,, P11.1 

Cle2<(2) P,, Pi I ?,) P,, p\J "«i ?n Pu Pu P.,; 

F~w" (3) plj Fu Pu Pu p\l Pu P1J Pp P;) t)\til 

Island (4) P,. P,,, CM P., P .. P., Pi,, P,, P,1 D~4 

L111tt Siar {5) P,, ~ .. a,, Po "" Pi1 ?,, fl,. P1, ,!)-~! 

lb.-~ i; Pu ;, 
II ? I !;ii P,• "'. p • p/1 ~ .. ~ ... 

Rest ,., 'f'p P11 i:o P~, P,1 ?ti 1>,. P, : ., 
S'p,det F,1 :u o., , .. >., fn F'i I P,. ~ .. - I 

Stcrw (9) P,. Pu p,. P., ,, .. i,, P, P., P., .. , 
\Vild Rice (10) P, .. F1" P,~ P,,N P,,,. "• ll p~ 0,11 P111 fli,. 
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rable 3 The proportion of walleye that were tagged in April 2004 .and recaptured 

U'lrottgh October2005 1n eaci, fake in the Manitowish Chain of ten Interconnected 

lakes, VIias County, Wisconsin_ Numbers of walleye tagged in each lake are 

shown ,n TaOle 1 

l',la)1(lng Lak" 
Recapture l~ko Atd1:11 Clea, F;rwn Island Ullle Sin Mantlowish Jti>st SPfd•u Stone WTid Rice 
l'lder Q,7ij83 llil118 00192 0~85 llllCW D 0 172 02546 
Clear 031W o 151'8 om1e D0t54 1lrn3t o<r.!M o~s 00le.2 
fawn 0 OO!i9 0 <fl'J7 0 00 I '3 (I 0033 0 02"4 0. 0870 
l•land o az:r, a 1053 ~ 0 028!! 038Ao Otnll6 Q GGS!i 
Uttl• Siar 0.012:' (') 0069 oasse ODIS◄ OOM4 00435 0,0162 
Manitowish oom 00054 00073 0 384!, 0 IY.144 0 0435 0.0182 
lb,st 0.0356 0 1003 0.01+! D 01:Slf 0,9510 D.0366 D.2609 
cSplder 00061 0.0030 0 105l Q,03()<; o.o,w D,OA6Z 0 0098 0 48i"l! 0 '3478 
Stone 0.0089 00&6 00018 0.1'1'39 
WIid Rice O 1402 Q~lll ()_0,)96 0.6909 
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Table 4 The proport,on of walleye ltlal were tagged in April 2004 and recapb.Jred 

While spawning In Apnl 2005 In each lek& fn lhe Manitowish Chatn of ten 

interconnected lakes, VIias County, Wisconsin. Numbers of walleye tagged rn 

~c:11 take are .shown In Table 1 

llldN ~, ..... 
Fawn 
lllsnd 
Llmo Star 
Manllowlsh 
Rut 
~pfder 
Slone 
WlldRfa! 

I.ton.Ing t..te 
Alcltl J:IMI fawn }'ii.Mid l,11114, $ta! M.lnnowlsh 

tr'l 7Jl'I 11~4~ Q 294f 
CHl6ll8 01818 00147 
n o,ie o.◄545 

0 0009 0.!1882 
0 01 11:t O 0015'.J 
ll n1p7 0 052!! 

0 OO<l3 0 0909 0 01 UI 
0~ 1.11!9(!3 OC26& 
0 lll)O O 0009 

Q a:MI, 0 Q0,1) 

o.os-ea 
O,ll"Jtll) 0 .1765 

n ,mi 

u~• n~ 
llOIV 
on~u 

25 

i,oz:p Q3967 
00403 0.02'33 0~ 

0 0202 0 J2~1; 0 1667 0,0H lQ 

() 0()40 t) Ood~O 
0.9'214 0 OG\l8 
0 00>!0 '0 ~t-61 
0 rot(! Cl 4W°l• Cl ln1 

:J..:.849 



Table 5. Toe proportion ot muskeJlunge-ttial were tagged in t\ptil ~004 and 

recaptured through October 2005 In each lake In the Mal"litow1sh Chain of ten 

interconnected lakes, Vilas County, Wi~eori sin. Numoefs. o.t muskellunge tagged 

tn eadh lake are shown 1n Table 1 

lhnan9Lau 
Peca lure La~e Aklu Clo•" "'""" Island Lft11• St~, ManHowlsh R•~1 S ode, Slone Wllcl Rice 
Alder 0571<4 0 ,11 11 11 • ..SOO 
Clear 07143 Cl~ 0501:tl 
Fawn 11,:1:lb) I.I /fil)O 
Island 0 5()0() 

UllleSfar I) !),j~~ 0'077! n1m;9 0250n 
l\l~tlft<>Wls~ 02bb"f o ~Sols ll.li556 
llnl l)~t lllH I 
~ der ooow D~ :)4«,t 

$,:me ll.3333 CIC<A( CU5CC Q.BJC 
Wild.Ake 0.1- ~ 
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Table 6 The proportion of muskellur1ge !hat were lagged In April 2004 and 

recaptured while spawning in Apnl 2005 m each lake fn the Manitowish Chain or 

ten interconnected Jakes. VIias County, Wisconsin Numbers of muskeUunge 

1agged rn each lake are shown In Table "1 

Rt!calptur• Lak.• Alde1 CJ••r Fawn ~land 
Ma1~i"9 b•~• 

Lilite Star M.nltowl<tl ~ s.prc.~, soon• WtJallloe 
/lld.r 05000 0285, 

' ljOOO CleJr 1.0000 0 ,71 ~ D 1667 
hw~ n= 
lsl•nd 0000 
little Stat 02500 q 4:1.81\' 
Manitowish 0000" a 6?50 'Q2857 ll. l&.1 
~est 0 1:2!1() 11.9157 
Spider 0 on; 0 8t£.' Q ea;;-
Stone 02&n 
Wlld Rlce. 
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FTgure 1 The ceded territory 1s shown by the dark line crossing !he northern one­

thlrd of Wisconsin. T t1e star indfcates the location of the Manitowish Chain, 

orientation of lakes within the chain is shown on the right. 
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Monttl 

Figure 2 Numbar ofT-oar anchor-tag returns for all capture methods or walleye 

in U,e Man1low1Sh Cham, Vilas County Wisconsin from May 2004 lhro~ 

Fetiruary 200~ 
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Figure 3. Proportion of walleye remaining in each ma~ing (spawning) lake in the 

Manitowish Chain, V ilas, County, Wisconsin dunng 2004 and 2005. Error bars 

Indicate 95% confidence limits 
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number of connections (channels) to other lakes in H1e Manitowish Chafn, Vilas 

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

limits. 
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Figure 5. Proportion of walleye spawning in the same lake in both 2004 and 

2005 In the Man1tow1sh Chain Vilas County, Wisconsin. Error bars rndicate 95% 

confidence limits 
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Figure 7 Proportion of muskellunge remaining in ·each marking (spawning) lake 

tn the Manitowish Chain, Vilas, County, VVisconsrn during 2004 and 2005. Error 

bars Indicate 95% eonfidence lirnits. 
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confidence limits. 
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