HOMING, SWIMMING.BEHAVIORL”RANGE,yAQIIVITY“PATTERNS AND REACTION

.,'To. INCREASING WATERJLEVELS';'OF” WB;'LLEYES“’ ESTIZOSTEDION VITREUM VITREUM)

AS DEThRMINFD BY RADIO IELEiﬁTRY IN NAVIFATIOVAL POOLS 7 AND 8

OF THE UPPER MISQISS*PPI ﬂI”ER DURIVG 'SPRING, 1976.

Submittedrto the Faculty

..df..

- University-of-Hisconsin - Ls Crosse

.l Crosse, Wisconsin . 54601

“  Dﬁv;duMgrkﬁBéhf””f”“'”””

In Part1a1 Fulf“llment of the' 

Requlrements for the Degree

| Master of Science in Biology




UNIVERSITY OF WISCONSIN - LA CROSSE
La Crosse, . Wisconsin 54601 .

o édLLgééidngéTs;;LEfféhs; AND SCIENCES

fCand{datés;f S ”,fﬂ-DéVidfM§‘Béhf-

e recommend accepuance ‘of- th1s thes1s to the College of Arts, Letters,
and Sciences in partial fu1f111ment of this cand1date s requirements
for the degree Master of Science in Biology. ' The candidate has com-
pleted his oral defense of the thesis. ... . -

- May 17, 1977

 %11'/12752%%;7/€?Bf?7

Date’

/7%@7 z7

~ Date

| ‘;‘;/;753‘43?, ' =
i 2

-\#fm7m7?

“Thesis Committee Wember Gate

- This thesis is approved for the College of Arts, Letters, and Sciences

 Dean ICdFTége o

qc1ences




+ 7 ABSTRACT

Twelve walleyes- (Stizostedion vitreum vitreum) were tagged with
radio transmitters between 26 September 1975 and 26 April 1976 in
Pool 8 of 'the~Upper Mississippi River. 'Nine of those were tagged
between 13 March and 26 April 1976 in the tailwater area of Lock and
Dam 7. The objectives of the 'study were to determine the walleye's
homing ab111ty, behavior patterns, range, d1e1 ‘activity patterns and
reactlon to lncrea51ng water Yevels.

swimming.was defined as movement having either’

- Three walleyes were: dlsplaced a-minimum of 10 km from the capture

"51te and all exhlblted homlng behav1or as deflned by Crowe. (1962).

' The walleyes in the tallwater area were located in 15 separate

“areas that were ' classified as either eddies or backwaters. The fishes
were located in eddieés 39% of the tracking hours and in backwater

areas 52.7% of the tracking hours. Only 8.3% of the hours were
spent travelllng 1n the maln channel

Two types of sw1mm1ng patterns became recognlzable. Random
spec1¢1c direction

of travel, a slow rate of travel (10-300 m/hr) or the fish traversing

small dlstances - (127 -my movenent)%" ‘Directional swimming was character-

5 'dy areas (300 %1200 m/hr), usually
4 &ed—farther (547 m/

movement)

‘fishes showed four distinct-
..and 1830 hours with the highest peak at 0230 hours. There were diel

1n—re%attve1y—stra1g“"

'The walleyes *ested'(no movement) twice as nuch time as was

--Spent-swimming--- They-rested-more-at-night than-during the day; however,

when' they were actlve,jth‘yfwere more active during the night. The
modes - inactivity at 0230, 0630, 1130

habltat preferences where“locatlon in backwater areas would peak

.“”_effect ‘on” the: walleye 5= behav10r

and 1500 hours. Cn e

‘During the’study'pefiod'tﬁe”waileYes'raﬂged'apstream to Lock and

ZQDam 6. and _____ downstream to Lock and Dam 8, a mlnlmum dlstance of 56.3 kn.

Rlslng water levels assoc1ated w1th sprlng runoff had no apparent
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INTRODUCTION

Objectives

- The spring spawning. TUun. of walleyes (Stlzostedlon vitreum) in the

Upper Mississippi River has tradltlonally been approached with great
e ant;glpatlonwbymang%gygﬁbecausemlargemnumbers of fishes can be easily
taken (Albright and Wright, '1973). Immediately after the spawning
~run, catches of walleyésibécbmé:inéreésingly difficult to take because
- they seemed to have moved dut;of,thoée areas where they were abundant
(Howard, F., 1976, persbnal.communication). The obéective of this

study was to 1nvest1gate the-following- types of behav1or of walleyes

durlng March and Aprll, a perlod in whlch the walleyes were spawning:

- 1). Homing of dlsplaced fish (radio -equipped fishes
released at sites downstream from the capture site);
- 2) ‘-Behavioral- patterns ‘associated with swimming;
_.3) Range of movement;
- 4) . Diel activity per10d5°
“5)”"F15h's reactlon to 1ncreased water levels.

Efforts tb'léarniéﬁdﬁt'tﬁé"ﬁéféﬁéﬁtéNSf'fishes began in 1873 when

atlantlc salmon (Salmo salar) were tagged in *he Penobscot River,

Malne. At that tlme taggxng was the only method used ‘to mark fishes.

" Since then, many d1fferent5types"of' ksmhave been used on a wide

'”fvarlety of - spec1es throughoutﬁthe_uorld,__ﬁverhart Elpper, and

":'Youngs (1975) descrlb7ttfourfgengral“nuﬂﬂﬂﬁﬁf*?Y“f“

- 1) Mutllatlng ‘the" fish- by ----- remov1ng a ‘fin or part of
—the: maxxkiafymbonc.”t__ ——— &




~2) Insertion, attachment, or injection of a foreign
object or substance;
--3) - Innoculation of parasites or bacterial flora;
4) InJectlon of color marks or radicactive tags into
©  the fish. :
These'marking“metBOdS“usﬁelly provide ‘data only on the minimum
distance -that the fishes move: —No-information is provided concerning

diel activity patterns; paths-of movéient; or environmental conditions

~ affecting ‘such movements-
: The first attempfeffﬁ7f6116wﬂfﬁé“ﬁbVéﬁEﬁfgwﬁf“fiéhés'began in the
- 1950's-when-Hasler (1958)-attached -bobbers to green sunfish (Lepomis
"czanellus)*and“follbweditheir progress after displacement from the
~ capture site. 3The§e@types'of experiments-had limited usefulness due

to the- unnatural restrlctlon to*the“flsh*and exhaustlon from towing

the float. In addition; observatlons were 11m1ted to dayllght hours

when éisibllity&Wasfgeod}(Maliﬁin1and*SVirskii,;1973).

‘fTheYdévélﬁpméntféfﬁbidﬁfeieﬁétfyswaé é3majef advancement in the

study of w11d anlmal beha r. The AVM catalogue (1976) described the

usesjofﬁtelemetryﬂaﬁgajsimp;;wdlrectlon flndlng dev1ce to determine

mlgratory behavior; breedlng and nestlng behav1or, circadian patterns,

home™ range,“terrltorlallty, and feeding habits.

Although bio- telemetry has been W1de1y used in medicine, physiology

“of work’ and sport, andﬁln”enterology, it has only recently been applied

to w11d anlmals (Ma11 B1

‘Sv1rsk11, 1973) Z;In'1954 LeMunyan became

'"mthe flrst to apply telemetxyfjwmwlldwanlmalswbyeattachlng a transmitter

mto a dlseased woodchuckmnear_Chambersbu o pennsylvanida (Fisher, 1976).




aerial, and aquatic animals, including many species of fishes.

The early: attempts at tracklng fishes met with little success.
The use of telemetry in water was hampered by significant absorption
of the electromagnetic-radiation by the water (Malinin and Svirskii,
- 1973). Johnson (1971) descrlbed the flrst aquatlc telemetry attempt
which involved attachlng a 132 kllohertz transmltter to a coho salmon

(Oncorhyncus. klsutch) neax: Seattle, Washlngton. The transmitter had

.an eight hour battery” llfe and an range 0f+150-300-m: ~More sophisti-

. cated:equipment allowed“KanW1sheruto obtain EKG's from diving porpoises
~in-1956 (Johnson,- 1971)+~— - e

In 1969, the CedarVCreekVBio-electronics Lab of the University

of Mlnnesota became the flrst to use radlo telemetrv to monitor fresh-

water flshes. Thelr btudy was de51gned to test thelr equlpment on

~Carp (Cyprlnus carplodes) and northern plke (Esox 1uc1us) in a small

stream- near Bethel M1nnesota“(W1nter, et al., 1973).

The twe_most-common-types of_telemetry §ystems in use today are

'those ‘which transmlt electromagnetlc waves and ultrasonlc signals.

“‘Winter, et-al., (1973} descrlbed the advantages of electromagnetlc

ave‘"“syst'ems'.' U

1) - Inexpensive to buildy - e

2) Tracking can-be- accompllshed from a boat, from shore,
e e Oy from the a.].I', SRR T e .

3) Long transmitter- battery llfe,

"7 4) " The transmitters: range’ is not: 1nterfered by fast water;
5) The same equlpment ‘can’ be used to track other animals.

llsted the‘advantages of*ultrasonlc systems.

qlgnal 1ntensatywnetwa££ectedwby -depth;
“"‘ﬁfNo“externa%mantenna*requxred ----- ‘on-the ‘transmitter.




1) Hinderance of the signal with increasing depth;
- 2) “Attenuation of the signal with increasing salinity;
~3) Signals can be hindered by powerlines, unshielded ignition
systems, and large metal objects;
4) Snagging of the transmitter's external antenna.

The_disadvantages of the ultrasonic system include:

1} Short battery. 11fe,

2) Interference of the 51gna1 by ‘turbulent water;
3). Tracking can._be-done from the water only;

4) Interference of the signal by boat traff1C'
5). Expensive. equlpment.maﬂ;;;.u .

The limitations of-bothwtypeswofwsystemeuiﬁc}udexthemsize of the
,transmltter and the cost (Morrls, -1976). Malinin and Svirskii (1973).
.1descr1bed flve .requirements of a transmitter. These include:

‘1)__Low mass. (not more. than 1/ of the total body weight of

.':ZJLAStreamllned and_cylindrical;
© 3)  Insensitive ofthe pr”ssures at the depths the fish

operates; ...
- 4) - Easily dlsthgulahable frequenc1es,
- 5) Range greater than 200-300 m.

Most telemetry studles have been applled to. fish movements.

Johnson (1960) tracked several spec1es ‘'of ‘adult: salmon and determined

thatithe"f;eh_ﬁellowedmthe;shorellneHCIOSely, seldom.straylng greater

than 15 m from it.m Koo . and Wllson (1972) placed ultrasonlc trans-

:ﬁTffefSFOhisfriped:baSSitRnctusrsaxxtItusjfaud"determlned that they

exhibit a "rest-and-go" movement rather than a continued movement.

~.Dodson, et al., (1972) tracked American shad (Alosa sapidissima) and

fﬁpgn_d.,that: “the fish Temalnedattheleadlngedgeofthe salt water for

“Warden and Lorio (1975)

_”tracked_16ﬂ1argemouth,bass~(Miefopterns,éelmeldes};andmdetermined that

--.gmthey ...... established-a- homeurangewoxﬁaboutelﬂOem,” Hart .and Summerfelt (1973)




established a home”réhge*and'aISO'exhibited some degree of homing.
Kelso (1976a):attached'transmitters to brown bullheads (Ictalurus
nebulosus) and determined that thermal plumes altered their movements

by cau51ng them to swim slower, ill more, and turn more. Malinin and

Hasler, et al. (1969). They attached ‘tyransmitters-to-26 white bass

(Morone crysops) “and dlsplaced “them from the shore of Lake Mendota,

Wisconsin, to the open‘water:_‘Theywdetermined that white bass possess
a"mechaniEh”fof'ofientinémtoydiféCtionai'cues;"McCIeave and Horrall

(1970) attached" transmlttersAto cutthreat-trout-{Salmo clarki) and

found ‘that vision was unnecessary to find the1r orlglnal strean.

McCleave and LaBar (1972) tagged cutthroat trout with transmltters and

found that they possess-a compass mechanlsm fOr navigation. Griffin

) ("1:"9“52)"' d"e‘fii{'e'd ‘this type of n:

; gati‘cs_n_;a:s.;Tﬁié”_“_l_'I_' homing: The ability

to malntaln a constant compass dlrectlon 1n unfamlllar territory.

Malinin (1972) tagged- burbot (Lota lota) in the Sogobh River in U.S.8.R.

T —

and determined that they move in the dlrectlon of cleaner and more

mineralized water:

“TeTemetty has alsc been used as ; Z:Sf;;ﬁshenes managenent tool.

Russel ‘and Graham' (Auckley,m1974) used ultrasonlc transmltters on

_paddleflsh (Polydoa spathula):to flnd thelr spawnlng areas.

Several 1nvest1gatoxs'have commenteddonwthe—effect of the tags on

Tﬂ{hé;fighégj;fpétéfz “”;dgiargemouth bass; bmallmouth bass

....:Eﬁiéi;6ptfé-ri1:‘5:;z.;do;} omiecu % ’f.l@% 5 f ;E e‘é- b Q—ST{M1P rnpreruspunc tulatus) and




their own pond returned rapidly to the capture site but that the fish
displaced to another pond wandered aimlessly. They concluded that
green sunfish were well oriented to landmarks within their own pond.'
..Hart and_Summerfelt tiQ?sj-used_ultrasonic transmitters to test
honing behavior in flathead catfish and determined that 67% homed.

Walleyes have also been noted for a homing instinct. Stoudt (1239)

and -Stoudt..and Eddy--:,E19__3.9;)5;_j_:.aw:tagg_sdn.._wa_l.l__eyes_ in Lake Winnibigoshish,
Minnesota in 1937 and 1938 and found that 908 of the vecaptures in 1933

| ue?e:eaught in thensame.plaoejtheyuwere tagged in 1937. They also con-

- cluded the walleyes spread throughout the lake after spawning. Eschmeyer
(1950) recovered 5%-ofrthe:194}jaw-tagged walleyes in Lake Gogebic,

Mlchlgan in: the same area in whlch they were tagged in 1947. He also

noted that the walleyes spread throughout the lake after spawning.

Reuson'(1957) determined theﬁspawningrruns of the Montreal and Potato

Rivers. in. Saskatchewan were discreet populations which intermixed freely

~wduringﬁthe;restsofetheeyeaiyﬂTCtoue@(LQGZJTdetermined that homing was

."characterlstlc of a11 walleye stocks that he 1nvest1gated from 1947~

1961 in the Muskegon Rlver, Mlchlgan ' He recaptured many of the fish

'fxat;the+taggiQgf§iteﬁ%gfeubeequent;years;hutlfew;wereﬁfound at other

spawning sites. Olsoneenahéeiéuote;iiéoéjffouudhhoming was a character-

_istic of the walleyes that they 1nvest1gated 1n Many Point Lake,

Minnesota. between 1955~ 1960 3VCrowe,tetma1 (1963) ‘determined the wall-

eye populatlon in Greeanay wasnlocalkandrspllt into discreet spawning

f—ftsh—durtng~the—spawn1ng~run were caught

unlts ----- All recaptures

T wher?ftheyﬁwereiorlgxnaiivetaggedemthusTmthey;ggpgluded that the larger

w“populatlons of walleyes return ‘Lo their home spawnlng areas to spawn.




spawning habits, and because of this, it is important that they return
te spawn at a particular site rather than any suitable area for better
assurance of enceunteting_envirenmental conditions conducive to spawning
success. This mayfestablish.diSCfeet*sﬁb-pepulations identified with

particuiar eéawnihé.afeaatt Funk'(1957) theorlzed that homing to a

spawning area year after year __y ;ave a genetlc basis. Dispersal

“after spawning"tmayib'e "caus?é__;_by;_spmpﬁt-i_tion as-the young fish grow and
are crowded out taﬁettefeingatﬁeﬁetewﬁeveqtoalessrcrowded areas. Past
investigations ihtolthe:hemihg“behavier of walleyes have defined homihg
..as thetten&epcjtfet spawning wallsyes to return to the same spawning
sites each year in preference to other available areas (Olson and

Scidmore, 1962; Crowe, 1962).

- The- Walleye"-' CETER

- The walleye 1s dlstrlbuted from the. Great Slave Lake in the nerth-

west to Labrador 1n the northeast to northern Alabama in the south to

Nebraska 1n the west'[N_emuth et al., 1972)

Females grow faster and bec0me larger than the males. Males

Cmaturé”in 243 yTs- when*they“areWSBESSWcm'1n totai ————— 1ength Females

mature in 4-5 yrs-when‘they-reach¢38-43"cm~1n~total-length. They have

-an.average life span of"7myears in wlscon51n (Vlemuth et al., 1972).

Spawnlng oTCuUYsS in: late Aprll and early May in water temperatures

;:Malasfarrlveﬂon“the spawnlng site first

and reémain theré after spawning - (Niemuth-et al., 19725 Eschmeyer, 1950).

SR

Fertlllzatlon is. externa3:ﬁ~~

“iThe:spawnzscattered-over loose gravel or

““gand; Priegel’ (1970) notlced that Lake Wlnnebago, W1scon51n walleyes

: paﬁﬁedroverxfleoded:yegetatagn%;_Ne_parentaiacare_15_glven the young




Table 1. Comparison of water temperatures at which walleyes
' - .. spawn in: various sections of North America.

‘”:Téﬁﬁéiatﬁrés;;"*' _____
Site . .. . ... .during spawn
o

i Temperatures Ranges

2. ‘M1551551pp1'R

3. fW15c0n51n lakes T3 §-9% T e i 9210% ¢ 6-17° C
el and rlvers. 9S _

4, Mlchlgan lakes - 4-8.5°C - 8-9° ¢ ---
and streams. ' :

5. Herming Lake, 6°°C
Manitoba.

Present study, 1976 o
. Gebken.and .Wright,. 1972 :
_Niemuth, Churchlll —and- erth 1972

Eschmeyer, 1950.- - '
_DerbaCh;;194z;Q¢;¢,;wb;LML;;N,{,;;f.j
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-of egg-eating fishes present.
Long range movements of over 80 km (50 miles) after spawning haﬁe

.Bééﬂiféported for walléye§ (Anon;, 1958; Anon., 1959; Carbine and

Applegate, 1946; Crowe, 1962; Daley, 1960: Eschmeyer, 1942; Eschmeyer

and Crowe, 1955; Hubley and Jergens, 1959; Manges, 1950; Priegel,

;1955$:BﬁW$9“aal957i~§mi§ﬁ' : 52).. Holt (1975) attached radio

“lake bottom during their movements. Walleyes appear more active at

dusk and dawn (Hubley and Jergens, 1959; Rawson, 1957; Whitney, 1958;

Ellis and Giles, 1965; Carlander and Cleary, 1949; Kelso, 1976b).

- but the lingering of males after spawning may serve to reduce the numbers
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'~ METHODS AND MATERIALS

Capture

Twelve walleyes were tagged with radio transmitters between 26

September 1975 and 26”Apfilwl§76_in_navigation pool 8 of the Upper

__Preliminary Study

Mississippi“Riven;(river'mi;¢$f694f702;3):M;The first two fish tagged
were caught in a baékwaterwaréawﬂearwﬁunningﬁSlough»ENO- 1, Figure 1)
and the_remainder werénééﬁfpfédiin"the'tailwater area of Lock and Dam 7
(Figure 1, Inset 1). Thfée'fiéh'ﬁereféiéﬁiécéd'ffom the capture site

and the remainder were released at the capture site.

The thfee wa11eyés”tdgééﬁ“iﬂ’1975’were used to detérmine the

“limits and re11ab111ty of the equlpment and to acquaint the author

w1th tagglng and tracklng procedures

~Total- length was:~ mcasuredwand*thevsewia5wdeterm1ned by stripping

the gonad of each fish at the time of capture. Scale samples were

. also. taken. from-each-walleye"below'the“lateral line and posterior to

the depressed left™ pectoral fln as“described by Lagler (1952). Ages

: of the flshes were: determlned by standard scale methods described in

o Rickéf“(1971)j """ e j ;”:fﬁﬂ@]@ﬂf}ﬁj}ff@fQ“mfﬂ

lectronic Tracking Equipment

T “The tracking systen

sed_in this study was designed by the Cedar
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Table 2.

Legend to Map of Navigation Pools 7 and 8 of the Upper
Mississippi River.

Map
Number

Identification -

BT P T

1.

..Capture. site of radio-tagged walleyes Nos. 12 and 13

on26-September 1975; “also the recapture site of
walleye No. 12 on 1 April 1976. = =

Coney Island releaSe_siteeefiwalleye Nos. 9 (14 March
1976) and 11 (15-March 1976) after displacement from
the tailwater area of Lock and Dam 7.

Release site of walleye No. 8 (17 March 1976) after
displacement from the tailwater area of Lock and Dam 7.

4. Entrance to West ‘Channel where walleye No..8 was located
“on 2"May 1976+ '
5.. Location of walleye No. 4: between 17-March and 7 April
: 1976 after radio-tagging in the tailwater area of Lock
-and Dam 7. 4 B _ .
6. _Location of walleye No. 7 64 hr after being radio-tagged
_in the tailwater-area of Lock and Dam 7. This is also
‘where a dart-tagged walleye was. captured on 8 May 1976
..after being. tacge”@onMZZ . 976 in the tailwater
area of Lock and Dam 7. ) '
Tou ~:~Recapture 51te o': - wa ﬁxeiNB;QQW(IE May
“1976)- - It ‘
5. ecaptars Bit GRS TRE AT To. (6 July
1976). Lo
9. Recapture site of tadio-tagged walleye No. 13 (28 April
SRy 1976). - s R e A
IWIO;_ m'_Reeeytﬁfe151te oﬁmdartntaggeduwalleyeg{soeAprll 1976} .
11.. Recaptur3751te of- dart-taggedmwalleyem(BO”Uune 1976)
i“f?#lletﬁvhUtevm;
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LOCK AND DAM 6

@LACKH‘ A~

FIGURE 1, INSET 1 —

_H_ LOCKS AND'DAMS = oo -

o1 2 3 4
E 4

KILOMETERS = .f '

“Figure 1. " e s e
" Mzp of the area in which-twelve-radio-tagged. _ LOCK AND DM 8
walleyes were located in navigation pools 7
=@ _the Upper-Mississippi-River-Petween ... ...
mber 1975 and. 6.July 1976.




- Aerial plhotograph indicating various habitats
: ... .used.by nine.radio-tagged walleyes in the

_______ ... tailwater area of Lock and Dam 7 in the Upper

- . Mississippi River during March and April 1976.
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Creek Bio-electronics lab of the University of Minnesota (Kuechle,

et al., 1971; Ball, 1972; Winter, et al., 1973). The transmitter
frequencies were between 52.5 and 53.5 mHz. Different frequencies were
used to differentiate betWeen individual fishes {Table 3).

This system consisted of three ba51c components a transmitter
_whlch sent the signal. (Appendlx I), an antenna that received the signal

(Appendlx II),_and ‘a recelver whlch ampllfled and made the signal

audlble (Appendlx II) (Plate 1)

TWO unldlrectlonal yag1 and two b1d1rect10na1 loop antennas were
”used in thls study The yagl antennas had fbur elements with a six
meter beam that was placed for maximum forward galn and had a max1mum

'range of 1600 m dependlng on the depth of the transmitter and the

”~wconduct1v1ty ‘of the water- The ----- mast- fltted loosely into a stand that

””was bolted to the floor of the boat to allow easy rotation by the

o operator (Plate 2) The loop antenna consisted of a dlamond shaped

‘m¢51x;ft length of 0.25 in alumlnum tublng separated by a 4-40 pf trlmmer

capac1tor and attached to a mod1f1ed tennis racquet (Plate 1). The

lloop antenna was hand held had a max1mum range of ‘100 m, and was used

'"mforeprec1se_tracklng'andttorlocate*thefflshtfrom”the air.

2 September 1975 and 26 Aprll'r 1976 m addltlon,.15 walleyes captured

'”Tfhln the tallwaters of Lock_and~Dama1_wete_tagged_WJth dart tags.

- The dartetags were“appxled“by“Insertxna”an appllcator from the left

‘m51de of the rlsh near: the pesterler portlen -of- tne dorsal fin and pushing

u~~anter10r1y and to the right 51de of the £1sh The,tag was then anchored
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Plate 1. The loop antenna and réceiver used in locating ten radio-tagged
o . walleyes in Navigation Pools 7 and 8 of the Upper Mississippi
River between 19 November 1975 and 4 May 1976.
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"The yagi antenna
in Navigation Pools 7 and 8 of the Upper Mississippi River :
between 19 November 1975 and 4 May 1976. i
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in the spiny rays of the dorsal fin. All walleyes tagged with dart
tags were captured by angling from a recreatiOnal fishing barge located
50-60 m downstream from Lock and Dam 7 on the east side of the main
channel in area G (Figure 1, inset 1).

The trehsmitter'wes‘anchored-toﬁthemfish‘by placing it on the dorsal

ment of the tranSmltters to the'flrst nine walleyes was acc0mp115hed by

threadlng a l5 cm Iength of Beldon 22 ga teflon coated wire through an

85 Tm curved_upholstery needle;;and pushing-the needle through the fish.
The ends of the wire were placed in the holes in the saddle and both

ends were covered with a metal sleeve and crimped tightly. Care was

—taken to ensure the saddie¥£it#Snugg$ymfpiatel3)Q~uThe procedure for

the last three walleyes was basically the same except a 14 ga. I.V.

catheter was used instead of'a'heedie' 'Thls method preclﬁaed the need

“from a double stranded w1re pa551ng through Two such wires were used

to anchor the transmltter on”the st three flsh to prevent the abrasive

. action of a 51ng1e wire: (Holt C., 1976 personal communlcatlon) {(Plate

4).

-~ Tracking Procedure and Dat

The flshes were tracked‘perlo ica

1y between 20 November 1975 and

4 May 1976, (Table 3) :InItIET*IocatIons*were determlned ‘with the yagi

i

wantenna and anloop antenna“waemueedwto dellneate themp051tlon {accuracy

_Q;,z_m in 2_m.wawaterJﬁ£Rlateas The- flsh's posmtlon was determined

~~atm30-min-intervalsuby.motoring_theuboatnslowly toward the greatest




G =
T

T

e )

Plate 3. The placement bf"étf;&ia;fQéﬁSﬁiftér_on a walleye.

Top : The attachment wire is sewn through the dorsal musculature.

Bottom : The ends of the attachment are secured to the plastic saddle.
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“Plate 4. Appearance-of-a~wal1e§é:éf£ériétféchmeﬁt'of-a'radio-transmitter.

“Top ;A walleye prior to releaee.~
Bottom : A walleye 1mmed1ately after release.
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Plate 5. Operat:.on of the loop antenna in the field to track radio-
tagged walleyes.-
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signal intensity until a loud pulsing was heard in every direction with
the gain turned low. Location, time, depth, and water temperature were
recordeg fot each treck.:_The“peggentage_of_eloud cover, wind direction,
and cnrrent'difection werefrecorded, and,an.oninion concerning current

' veloc1ty, wave helght, and the current weather condltlons was expressed.

nght penetratlon readlngs u51nvja 200 mm- dlameter secch1 disc and

dtssoived oxygen~read1ngs u51ng«an'oxygen meter were determined early

in the study but were abandoned mldwayfthrongh.l The coniposition of

thewsediments was-estimated~by taklng bottom'grabs with a ponar bottom

“sampler and analyz1ng them 1n the fleld by hand The barometrlc

pressure and rlver elevatlons durlng the study were obtalned later.

There were several exceptlons ‘when the: above readlngs were not

detfrmlned - when tracklng was done from shore on °6 and 28 November

:'1975 whentthe-ice was too:thin to:walkron;_when tracking was done from

an_aitplaneton 18 March,:ll; 13;uand"24rApfil 1976; and when the fish

_was 1n motlon durlng whlch the operator would follow the fish, staying

not to chase the fish.
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RESULTS

The walleyes'used-in this study were between four and five
‘¥Yrs old and ranged betweéen 430 mm and 564 mm. in total length. All
the flSh were female and were rlpe at the t1me of capture (Table 3).

Nlne fcmale walleyes were tracked for 581 25 hr between 13

March 1976 and 4 May 1976 in Nav1gat10n Pools 7 and 8 of the Upper

M1551551pp1 Rlver Between'l4”March 1976 and 2 May 1976 eight

”'walleyes were tracked for 393 08'hr between Lock and Dam 7 and

"1850 m downstream. ThlS-lS referred to as.the tailwater area and

‘was_considered the area'in_wbich*the fishes spawned.

S.tudy“ Aléeas"f“”"'

) The—frshes—tracked—xn—the—ta:iwater“area“estabTIshed 15

separate areas in whlch they were- tracked for perlods of greater

.than 1. 0 hr (Plgure l, -inset- 1) These areas can be separated

: 1nt0mtwo~broad“categorres,:eddles and backwaters, based on current

'veloclty and depth (Table 4}..::The eddies, areas C, D, F, G, H,

J, H J K L N “and 0 (Flgure 1, “inset 1), contalned varlable

current veloc1t1es and depthsrTmWater.flow.around and over wingdanms

~-channe1 caused by the 1nterstateywy" "xjsermed eddles in areas

'F, G “and C.. Area D was. thmedmhxmthempassagemof wateruaround the

. ;western-most brldge support of the 1-90 brldge,‘fplgure 1, inset 1).

a submerged 'sandbar. The backwater areas, A, B, B, I, and M (Figure 1,
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nset 1), had no measurable currents. Area G was the most used eddy
y the tagged fish, and area A was the most used backwater (Table 5}.
Nearly 39% of the tallwater tracklng hours were spent in an eddy

_habitat and 52 7% were spent in a backwater habztat (Table 4). The

fcalculated flsh hours per habltat (Flsh hours (fhr) unber of fish

us1ng an area X number of hours spent in that habltat) was lower for

'eddles than tor backwater areas 1nd1cat1ng the flshes had a preference

ﬁ”for backwater areas.

~Table 5. Utlhzatlon of areas near Lock and Dam 7 of the Upper 'Mississippi River by
nine radm-tagged wal leyes durmg sprmg, 1976

Hours Pereentage
N .
| f:ggezsgﬁg in - : of total Fish hours
osas e iy . Area tracking hours {fhr)
. i . o (hr)— (%)

_“Eddy Areas o

c 3.2 86.87
D 0.2 ... 1.64

F -~ 5.6 © 87.84

: .88 207.72
ST 3V W 5 37.12

- e B.6 P 33.95
Ko S W 3.9
L e 2588

N i _6 5 ' 102.8

packwater Areas

c 556.1
Bk 228

: e 129.5

p 10.9
M 2 b
. Total-eddy use .. ... . 9 §90.89
| Potal Backwater se 6 745.37
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Movement

- Nearly twice the amount of time was spent resting (no movement) as

was spent;swimming (Table 6). These patterns were nearly identical for

”11water tracking perlod and the tallwater tracklng hours.
The sw1mm1ng rate in the tallwater area was faster than the non-tail-

water. area which may have been caused by 1ncreased activity associated

with."seafching" for othe.:n:...sp.a,wn.l.ng_%l%exes- Most of the swimming was

aeCOmplishe in a "rest4aﬁdfgoﬂ manner rather than periods of long

resting: followed by long periods of swimming. This type of movement

0. Koo and Wilson (1972) results while tracking striped

bées in the Cheasepeake Bay.

Table 6.

kmg data of nine radio- tagged walleyes in Pool 8 of the Upper
er during spring, I576.
B i PO Totatl i
T Resting Swimming Distance A::::ge
Tracking Perio: hr %R % Tr?;g)elled {m/hr)
 Tailwater 37414 644 20711 35.6 47,285 228.3
Non-Tailwa 07+ 0.2 42.6 ....18,392 170.3

Two types of sw1mm1ng p“"terns became recognlzable. Random swimming

_ distances_ (average 127 m/

characterlzed by rapld movement_{soo.1200_mﬁhrg_between study areas,

mmusually -in- relatlvely straxghf“l imand;the flsh“usually travelled

-wfarther (average 547 m/movenent) (Flgure 3) --SOme- overlap was noted

between the rates of random: -and directional- sw1mm1ng due to fast "random'




i

| NUMBER OF OCCURRENCES

£

F1gure 2 Sw1mm1ng ve10c1t1es‘”
U of random swimming in P001 8 -of:-the: Upper M1SS1SS1pp1 River during

nine radio-tagged walleyes during periods

March and Apr11 1976
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ndirectional’ movements in the

n;fah&bm swimming than in

'dlrectlonal sw1mm1ng in both'the tallwater and non—tailwater areas

ountedﬁfor almost 2/3 of the total

'T(Table 7). Dlrectlonal swlmmlng ace

bl than the random

. distances travelled at a rate f1ve tlmes faste

,'sw1mm1ng rate. The non- tallwater dlreétidﬁél SWlmmlng rate was greater

--thanthe'tallwater dlrectlonal SW1mm1ng rate and was due to activity

shown by displaced fish reorlentlng themselves. There were distinct

peaks in the swimming rates that were 1ess than the average swimming

rate of both directional (475 m/hr) (Figure 3) and random (50 m/hr)

swimming (Figure 2).

_Table 7 9ummary of the swimming behavior of nine radio- ~tagged walleéyés in Pool 8 of

the -Upper, M15$1q51np1 River during. spring, 1976.
. : Average time
. ,‘,,K§“1WM1“3 tlme_ e Distance A;zfige .. ...to complete a
Tipe of Swimnming - zihfs_f--fw_”%'r g % (m/hr) md%gfint
_Dzrectlonal USRS e
Tailwater . . . 33.82" 17,419.--60.3__ 515.1. 0.86
Non tailwater 18.67 233 - 12,130°

CRandom
05.00 734 1134743912830 1O
. 13

Tailwater

Non tailwater ~  61.53 e T YRR S Tl (1120

Sw1mm1ng perpendlcular to the tufreht'écéountéd'for the fastest

féétéSt;aMEragewdistance of

"average rate (969 m/hr) aﬁaftovEre

e“current -and- agalnSt ~the current

680 lmm (Table 8) wammlng w1th‘th

t_themcurrent was

t sw1mmrng~aga1nb

_had nearly 1dent1ca1 rates,tbu
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sustained for shorter periods and covered shorter distances. The
lowest rate of swimming and the shortest average distances travelled

were observed with fishes that were travelling oblique to the current.

Table 8, Summary of swimming in-relation-to.current direction by nine radio-tagged walleyes in

_ Pool- 8 of the Upper Mississippi River during-spring, 1976.

i : Average time Average
Hours. Distance = Swimming . Number to complete Distance per
Swimming Travelled Rate of a movement Movement
Movement relation to current (hr) {m} (m/hr)  Occurrences (hr) {(m)

PerpendicUlay t5 the current 10.7 - 5,441 969.6 8 1.34 680.1

With the cufrent . .22.88. 10,020 ....539.0 . ... .18 .. 1.27  556.7
Against the: current: o :.‘,.-J115162f::;W7Q933.f;Jusﬂ?ﬁs BUNIRER L . 0.82 420.2

Oblique to the current  2.63 1,168 399.1 3 0.88 389.3

Fishes in" backwater areas swam three times farther than when they

were ihvé&dyﬁafegsa(TabIET@jTTTTﬁiéwﬁéEfﬁfﬁbany“due to the larger

‘#¥eas in the backwaters-in which the-fishes:could swim without any

exPosureTtQ?éurfeﬁﬁqf?Thé%fishes-within?thereddies swam at approximately

Table 9... Summary_of backwater:an -holt “”e*xadio:tagged_walleyes in the tailwater area of

Lock and Daii 7-in-the UpperMississippi-River-during spring, 1976.
- T . .. . Swimming
o © Total - ihiilResth.oliiiiil Swimming:.........Distance Travelled Rate

“Diel Movements

"f”ffﬁ'Thejwalleyes~¢xhiﬁifé&ﬁa ﬁféférénce?for?afcertain-tY?e of habitat
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at various times thronghout a 24 hr day (Figure 4). Between 2100 and
0300 hours, the walleyes were usually located in a backwater habitat.
Between 0300 and 0600 hours there was an increase in movement out of
some areas and into other areas until location within the eddies would
peak between 0900 and 1500 hours, after wh1ch there was an increase

in movement out of some areas andllnto other areas unt11 1800 hours.

Equal effortsuwere spent. in_searching for the fishes in the eddy and

backwater areaSJ‘

Of the total tallwater track1ng hours, 232. 06 hr were considered

“hours of dayllght and 121 24 “hr hours of darkness based on astronomical

time (Hunter and Sleeper, 1974) The total tallwater movement during

the day was comparable to the total tallwater movement during the

nlght where 36.5% of the day hours and 27 4 of the nlght hours were

spent sw1mm1ng:{Tab1e 10) ------ The average nlght movement was slightly

faster and covered~ ore dlstance than the average day movement

The percentage o'.the%'otal d1rect10na1 d1stance travelled during

‘the day and n ght were nearly 1dent1cal as were the pereentages of

the total random dlstance travelled durlng the day and nlght (Table 10).

-aThe;night;dlrectlonalga¥d?random;ewlmmingﬁratesmwereﬂfaster, took less

time to completc and covered a greater average distance than did the

day- swimming. The greaterlﬁeieentage}ofuthe'night hours were spent

at rest than durlng the day

Day movements w1th1blthe eddies and. backwaters had similar rates,

- average tlme to complete each~movement~—&nd~average—dlstance travelled

“"”””per”movement (Table 11): = There-was-insufficient data on night movements

~in-the eddles for accurate-eoﬁpariSons; bnt-similar“percentages.of

“time werenspent ‘swimming durlng the day and- nlght in backwater areas.
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o OBSERVATIONS OF FISH IN BACKWATER AREAS
® OBSERVATIONS OF FISH IN EDDY AREAS

© OBSERVATIONS OF DIRECTIONAL MOVEMENTS
(exclusive of movement within areas
~and a]i-defined~random-movements)

 NUMBER OF |OCCURRENCES ~

"'Figﬁﬁe 4;' Total hourly observations of fis }ocat1on in various

“habitats by nine radio-tagged- eves in Pool 8 of the
Upper M1ss1ssapp1 RTVEY“dUTTﬂH“MHPCh”and Apr11 1976
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The walleyes rested more at night than during the day (72.5% of the

total night hours) but similar percentages of time were spent at rest

during the day and night in the eddy areas (Table 12). e

Table 12. Summary of the day and nlght periods-of no movement within
eddies and backwaters of nine radio-tagged walleyes in the
tailwater area of Lock and Dam.7 'in the Upper Mississippi
River during spring, 1976. e

.Percentage . Percentage
- of Day Hours of Night Hours
Period of no movement . _.Hours R &3 R &)
Day )
_ Backwaters 76.23 32.8 T -
Eddies 71.07 30.6 -
Total = 147.3 '6.3._5_ | -
nght | — .
Backuatera¥F:”g ';i_ i?:52;6§f;*“'; s _ 43.0
Eddies . .. 35.85 o BETY

72.5

sec ) at 0230 (Flgure S)

studles of the act1v1ty patterns of fishes “in Clear Lake, Iowa,
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DISCUSSION

Depth Preferences

Depth'data points-indicete Water'depth and do not necessarily
. equal the absolute depth at whlch the flshes were 1ocated An assump-
tlon was ‘made - that walleyes rested on or near the bottom (Niemuth

et al.; 1972 Holt,. C. H., 1976 personal commun1cat1on)

. The walleyes had a: preference for depths of 1ess than 5 m during

."the tallwater tracklng perlod when 94 6° of the backwater hours and
66. 90 of the eddy hours were spent in water: at that depth (Table 13).
There was a peak between 1.0 and 2.0 m depth in the eddy areas and

2. 0 3 0 m 1n the backwater areas (Flgure 6) although the shallower

ve10c1ty, the flshes in the present. study probably chose the shallowest

_"depths because those depths were. assoc1ated w1th reduced current

: velocltlestﬁ;-:.“-rr-.jﬁﬁm;

: WalleyeuAseeEiEtiSﬁ;¢:_”m

—gither 1ocated togetherf retravelling: together, but these instances

'“aéﬁbﬁﬁtedgf§r;pnlygS;S%EGf%the;totatiheursgtreeked, After the fishes
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were together for a short tlme (up to 3 hr), they would leave each
other and sw1m in separate dlrectlons. It was_concluded each fish

would move Jndependently from the others.

Reaction to the Increasing Water Levels

The annuai sprlng flood occurred between 1 Aprll 1976 and 14

Aprll 1976 and was descrlbed asmre chlng rlver elevations between

637. 42 ft and 640 50 ft peaklng on’ 5 Aprll 1976 _The 1976 flood
was con51dered minor due to small amounts of snowfall and a slow
mearly melt.__

The flood appeared to have llttle effect on the walleyes' behavior.

The sw1mm1ng dlrectlons observed before and after the flood, when com-

~wwpared to the sw1mm1ng dlrectlons ------ durlng the flood “Were random, and

'.'the percentage' ""51m11ar 1nd1cat1ng little difference (Table 14).

and after the flood (3;59 m) and durlng the flood (3 92 m) The mean

"sw1mm1ng“drstance

:g the"flood was sllghtly greater (180.04 m/

movement) than ‘the. mean. sw1mm1ng dlstance before and after the flood

.(145 18 m/movement)

Table 14, Swimming direction of nine radio-tagged walleyes in Pool § of the Upper Mississippi River

before, after and during the annual.spring.flsod in.1976.

-Percentage of occurrences
During the

CCUTT ENEE S -

L.o.Northeast = T 6. 1.5

gt . 2 4.4
" Southeast .- LBl 1.4 1.5 .

~South o 41 37 9.3 8.2

Southwest— — ~10- E: S 2730 1.8

B {13 A R 8= 17 178" 3.8

Northwest 6 0.0 1.4 0.0

o 9.5 - 7.3

“'No movement”




Although the increased water levels associated with the flood appeared S
¢o have little or no effect on the behavior of the walleyes, the 1976

flood was of such minor proportions that conclusions may not be valid.

Homing_

For the-purposes of*thig;stﬁdprhbming was defined as the annual

*rreturreof~spawnrng~wa11eyes to.al partlcular site,~rather than seeking

~ any suitable spawnlng area’” (Crowe, 1962) ~‘Homing-of walleyes. for

—-Spawning purposes: ‘has:- been demonstrated in many studies (Stoudt 1939;

“Steudt“and“Eddy;“IQSQ;mHermangi1947;fEschmeyer, and Crowe, 1955;

Rawsorn, 1957; Crows, 1962; Olson and ,.S'E’i'dmorer,_l'%z'; Crowe et al., 1963).

=~ 0f- the 12 walleyes: taggedww1thsradlo transmitters and released in

nav1gat10n pool 8 of the Upper Mlss1551pp1 River, three were displaced

from the capture 51te~e-A11 threc 0‘ these'rlsh ‘displayed homing as

idefinedTHY‘Crdwe"{IQGZ) TwO of these frshes (o 9 and No. 11)

were transplanted 11 27 km (7 ml) downstream and ‘the: other fish (No. 8)

was. transplanted 13 68 km (: Slmlj downstream The flTSL flsh to

peturn(No.w11) “was caught and tagged on 15 March 1976 in area C and

was released“near Coney Island (No 2, hlcure 1), ll‘27 km -downstrean.

Periodic checks were made da11y on-this’ flsh until-contact -was lost 2

“5ﬁ“19’Mﬁt¢hm1976‘ “0n8 Apr11 19767thls 1sh appeared near Lock and

Dam 7 1n ‘aréa G after an elapsed time of 19 day5“(r1gure 1 “inset 1}.

'captured ‘on 14 March 1976 in

.area C and was 1mmed1ately tagged """ and—transferredwtowConex_Island and

Ttime of 27 days The thlrd"txsh te return upstream [No. 8) was




captured on 17 March 1976 -in -areaC and transplanted to river mile
69?.5 (No. 3, Figure 1), 13.68 km downstream. That fish was last
tracked in that area_on724 March i976 until it was relocated on

2 May 1976 at riyer mile‘ééé;éutﬂdf 4{;Fjgure 1) in the upstream
entrance to West Chamnel on the downstrean side of a closing dan,
1.2 kn (0.8 mi) downstrean from the capture site.

Fishes 2; 4, 5, 5a, and 6 were all captured and released in the

‘tailwater area. With the exception of one fish (No. 4), all the fishes
‘remained in the tailwater area-until after spawning. Fish 4, after
~being tagged and released on 17 March 1976, in area C, began an

immediate downstream movement finally stopping at the confluence of

thg_Bla;kTB;yer_and_;hgwMississippi River (No. 5, Figure 1), 5.95 km

(3.7 mi) ddﬁnstfeamrfroﬁ;the_relegse:site. That fish was tracked in

- that area until 7 April 19764;duringﬂwhichxitnseemedrto make three

attempts to TOVE. upstream through three dlfferent channels, in each

case’ ch0051ng a channel‘whlch would not lead 1t to the capture area.

At 1700 hours on 13 Apr11”19764wth13_f15h appeared in area A after

an elapsed tlme of 6 days

54659, and-11),-including two trans-

SixtwalleyeS(N0$r27%4rﬁ

plants (Nos. 9 and 11), were prgsent_iﬁ the tailwater area of Lock 7

_for up to 35 days until spawning was completed (furthest extent of the

spawning season determined at. 14 April 1676) and then dispersed

1mmed1ate1y

“Daley (1960) concluded”that“the—hrgher—popu}at1ons of ‘walleyes

__bg}gwﬁmhgflggkﬁhanq;damSiintrhejspringfwererpgpulatlons moving into

~and out of the area rather than a population of fishes spawning in




that area. Although the data in the present study seems to*support

the idea of a population of walleYes”selectihg the tailwater area of

‘Lock and Dam 7 as their home spawning grounds, all evidence is circum-

‘stantial since spawning was not documented

One £ish (No. 7) was captured -on 7 Aprll 1976 at 0900 hr in area G.

This fish was traCRed'cohtiﬁdbuély'until 5100 Thours on 8 April 1976,

—————— 1wﬁen¥centa5tfﬁasdldst' While tracklng by alrplane on 11 April 1976,

‘this fish was detected in- the tallwaters of Lock and Dam 6, 20. 12 km

(12 5 m1) upstream after an elapsed tlme of 64 hr (No 6, Flgure 1).

5Th15 flsh was further detected by alrplane in the same area on 29 April

1976 “This £ish could have been in an upstream mlgratlon when it

was captured and, after an_ 1n1t1a1 rest perlod to recover from the

shock of handllno and tagglng, resumed 1ts upstream mloratlon A

51m11ar event occurred w1th a dart tagged walleye captured in area G

;on 22 Aprll 1976 and recaptured 1n the tallwaters of Lock and Dam 6

'-'documehted”inlthese_twqﬂfishes;” f.”'“ S

rane

‘Walleyes are known. ‘to rangeﬁwidelyﬁafter'sﬁawning (Stoudt, 1939;

Stoudt and Eddy, 19393 Carblne and Applegate, 1946 ‘Herman, 1947;

Eschméyer, 19503 Manges, 1950 ' 2i1952 Eschmeyer and Crowe,

'1955 Rawson, 19573 Anonymous, - 1958”and—1959ffﬁubleymand.Jergens, 1959;

aley; 19603 Prlegel 568 Niemuth et al., 1972). The radio-tagged

e&alleyesmused in the present s studY ad all Teft the ta11water study

e ey
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area by 2 May 1976. One fish (No. 9) was caught in a commercial gill

net set in Running Slough (No. 7, Figure 1) on 13 May 1976 after

travelllng a minimum distance of 13. 2 km (8 2 m1) downstream from the

tallwater area where it was last tracked on 19 April 1976. Another
‘radio-tagged fish (No. 4) was caught;ipig;ggmmq;qig}mg}ll net omn 6 July

1976 in the headwaters of Lock";ﬁd;pamuSHINQ:_S,_FigUTQ 1) after
mmtrayelling;a;minimuﬂpdistance[ofi34;923km;(21,7~mi)mdownstream from

the last area in which it was tracked-near.-Lock and Dam.7 on April
“m;1976;;.0ne;fishf(No. 12) was recaptured on-1 April 1976 in a commercial
- gill-net-in- the same areain which it was originally captured on 26
" September -1976.. (No.- 1, Figure 1) ..... . Another fish (No. "13), tagged on

26"September»1975,wwas.recapturedpinwa“ggmmgxgig},g}l}kngy 6.4 km (4 mi)

_ dokng;ream=(No;=9,‘Figure.1)~o% the release site on 28 April 1976. In

h”édd1tion:m£ﬁére”ﬁéfeTthreé darimféﬁ*rerfnS“includingsone fish, captured

1n area G on: 30 Aprll 19765 that was. recaptured by an angler 3. 7 kn

"(2 3 m1) downstream near a. rallroad brldge 1n the East Channel (No. 10,

----- 1~mm2¢w68 k- (17 2 ml)*dcwnstream“wahewether“dart tagged

I‘J.gux =1

".”study area. In the course Tof 107 days,'tnese fIshes—ranged upstream

6 and 8,

_oiLock and Dam 6 <and- downstreamﬁtoghocx,and Dam:8(Nos.

anlgu'“ 1), a-minimum. dlstance_of 56 3 km (35 river mlles) This range

is- lower tnan the*ranges of walleyes reported 1n other studles
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probably due to the small sample size used in the present study -

(Table 15).

The Effect of the Locks and Dams on Walleye Migration

There has been some question%concerning'the navigational locks

leye mlgratlon Huhley.and Jergens

and dams serving'as barrierslto

(1959):. Jaw-tagged 874 walleyes 1n the tallwaters of Lock-and Dam 7 in

“April 1958.. They also: found.afdlde:dlspersal after Sspawning, recovering

:mmthree flsh An the tallwaters ow_Lock and Dam 8 38.6 km downstream.

. Inuﬂllr;ZAZﬁ:of:the;recaptureSjmoved out of the pool passing through

at'least*onef10ck-and"dam7 In another walleye tagglng study (Anonymous,

of the. Upper M1531551pp1 Rlver, 38 of the returns moved through at

|
"least one dam and ‘one . flsh travelled through four dams ~Daley (1960} E

found 11% of ‘the recoveries of Jaw-tagged walleyes in the tailwaters

rﬁ*““”“of Lock*and Dam 4, passed out: of the pool after they had - spawned Daley

(1960) and Hubley and Jergens (1959) both concluded the dans do not

_“serve%as barrlers to_walleye m1grat1on. Two of the tagged flshes used

S i the present study ‘Were- locate_ rn_t;e'tailwaters of ‘Lock and Dam 6
after pa351ng through Lock 7. There were-two -instances when a fish was

;tracked 1nto the maln locks. of Lock-and- Dam 7 unt11 a tow 1ocked through

.‘upstream, after whlch neither: flshm”“',_mbe loca ed The flshes probably

5locked through w1th the tow althoughwno attemptwwas made to. search in

Tt was concluded “the I6CKS and dams do 1ot Serve as barriers to

walleye migration although no distinction was made whether they swim




Table 15.

Ranges of walleyes reported by other investigators during
periods of up to.107 days.-

" site tagged at

“Time

‘Free
(daYS)

Minimum
““Distance”

;mTravelled

(km}

Minimum
average

“distarice
- _travelled
" per day

(km/day)

Pool 8;“Mississippi“R;

' Pool'Sg M1551551pp1 R.

"t::Poolas, M1551551pp1 R." .

SLy Champlaln, N. Y.

. Muskegon R. 'MlCh.

| Montreal R

D 1Y A
.48
Pool 5, Mississippi R. 100

_i23:; i

-43.5.. N

123.9

789 s |

1609

963

18%.1

Saskatchewan

. 104.6 .

0.53
0,91
14
3.4
5.36 3
4.75 .

T

Fox R WlSC

,ﬂ“Red L 3 Mlnn

88.5

O Present study; 1976+

.-Hubley-and Jergens, 1959

*

-

© L0 BN

- Daley; 19607

Hawkinson, unpub
Kingsbury, "1948 .

. Eschmeyer, 1952
“"Rawson, 19570

Stoudt, 1939.

E;Herman, 1947
Smith et al 1952
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through the locks or the dams.

The Effect of the Tag on the Walleye's Behavior

McCleave and. Stred.(1975). determined that the use of an external

tag reduced the swimming spee&ecf*éciénfic;éeihcn“émoltS“by 20%. The

perlod from_the_trauma of handl;ngfand,tagglng; after which they would

- ”“beginmtOQbehéve“in*whét5Waeec;hEEEefedﬁéﬁhcfﬁel:faéhion. Kelso (1976b)
determlned the transmltters he attached to walleyes in West Blue Lake,

Manltoba caused short term, up to 65 mln, alteratlons in behavior.

- One fish (No. 4) reached a speedfcf"2722:7“m/hr:indicating the trans-

mitter did not alter 1ts SW1mm1ng dblllty drdstlcally The tag seemed

~to. haye_llttle effect on_feed:ng because flshes 1, 5a, and 9 were caught

by anglers 1nd1cat1ng an attempt'at feeding. The fishes caught in

. commerc1a1 g111 nets, flshes 4 (thce), 9 12 and 13, did not appear

An external placement of" the tag had an abra51ve action at the

p01nt of attachméit. One flsh (No._ lSJ”recaptured.On"28uAprll 1976
in a commercial gill net'after?beihg“caﬁght7end“tagged“on'25 September

1975, had & 1.6 en hole worn into-the £lesh whore the transmitter was

_ﬁiefedﬁhiifhelﬁse of two




26 September 1975 and 28 Apr11 1976 when it was captured in a
~commercial gill net. . .-

"Top : The overall éipp'eaféﬂcé'"'o'f the fish and the tag.
Bottom : Close-up showing the hole caused by the wire used to attach the
--transmltter to the flsh._wnm_nx¢y_
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relatively strong downstream current and they would begin swimming 7
slowly downstream.until they reached: either an eddy or backwater

area. Unless these fish were cont1nuou>1y tracked follow1ng release,
they could not be located for 1ong perlods of tlme.- Flshes 5, 6, and
-7 were released in backwater areas where there was no current - These
flshes usually remalned motlonless for a perlod after which they would

resume thelr normal patternsw. P0531b1y, by plac1ng a flSh in the main

current 1mmed1ate1y after stre331ng it by attachlng the tag, it would

 rpass1ve1y drlft'untll.lt;found-an area"that conta:ned little or no

“_current“and”remaln_ln_“ha y until it adJusted to the tag. This

problem was allev1ated_by'tagg ng hshiand-placing it in an area

w1th 11tt1e or no current*

i
t
i
i
i
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- CONCLUSIONS -

_1. TWelve walleyes (Stlzostedlon V1treum) were tagged with radio

transmltters between 26 September 1975 and 26 Apr11 1976 in Pool 8 of

the Upper M1551551pp1 Rlver._'Nlne of those were tagged between 13

March and 26 Aprll 1976 1n the tallwater area of Lock and Dam 7.

2. The objectlves of the study- were to determlne the walleye S

homing ablllty, behav10r patterns range, d1e1 act1v1ty patterns,

and reactlon to 1ncrea51ng water levels._m”“'”m,___”_”

3. The walleyes in the ta11water area were 1ocated in 15 separate

4_ The walleyes were 1ocated ‘in eddles 39% of the tracklng hours

and“1n—the*backwaters 52—7f‘Ef—the_hﬁﬁfg“_‘ﬁﬂTymsms’"Uf“the hours |

were spent travelllng 1n the ma1n channel

=5y The flshes spent tw1ce as much t1me restlng (no movement)

as was spent sw1mm1ng

'éip_Two_typeenof_swimﬁingtpatterns;were,recognizable. Random

swimming was defined as movement having“either“nO“specific direction

of travel .a slow rate of travel (10—300 m/hr) or the fish traver51ng i

small dlstances (127 m/movement) Dlrectlonal"sw1mm1ng was character-

"'“1zed by rapld movement between study areas . (300 1200 m/hr), usually in

-“l'relatlvely stralght 11nes, and theeflshetraveliedwfarther (547 m/move-

sw1mm1ng than in

'mment) ‘Three times as many“hoursmwerenspentmanmrandv l

' -dlrectlonal sw1mm1ng, however, dlrectlonal sw1mm ng accounted for 2/3

,fof the total dlstance travelled.“;
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7. The average random swimming rate was 123.3 m/hr and the

average directional swimming rate was 515.1 m/hr.
8. Fishes in the backwater areas travelled three times farther.
than whep'they were in the eddy areas but the rates were similar,
9. The walleyes showed diel habitat preferences._ Between 2100

and 0300 hours they were usually located in backwater areas and between

..0900 and'1500“hours thex;were locateq}in5eddy-areas.

J“io;”“rhéfwéileyéé”féste&7£b£éietfﬁighiiihAﬁ;aeringwthe day,
however, when they were ‘active they were more actlve at night than
H"durlng the day

"1 The flshes showed four dlStlnCt modes in activity at 0230,

0630 1130 and 1830 w1th the hlghest peak at 0230

12.- The walleyes had a preference for water depths ‘of less than

R151ng wa:ef‘lfﬂ

_no apparent effect on the walleyesmrbehav1or__ ;ﬁf'.

15 Three: flSh were" d1spiacedmfrommthewcapture Site and all

exhibited homing behavior as defaned;bY;CIQWQ;(%96?lr

16... During the study. péfisaft

anged upstream to Lock

'-;;-and Dam 6 and downstream to Lock and Dam 8 casminimum: dlstance of

06 3 km

o ,1?{ "The navigation: dams didm §€F;i‘ barrIers—to“walleye

" 18, The tag did not drastlcally effect the Fish's behavior.
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APPENDIX

Appendix I - Electronlc tracklng equlpment

Appendix II - Summary of 'the random swimming time (hr) in each area
by nine radio-tagged walleyes in NaV1gat10n Pool 8 of
- the Upper ) W1551551pp1 Rlver durlno sprlng, 1976.

- Appendix III - Summary of the ‘time(hr)" spent ‘in"directional swimming
....by.nine radie-tagged walleyes in Pool 8 of the Upper
"MlSSlssxpp1 Rlver during- Sprlng, 1976.

Appendix IV*- Summary of thf”Pe"wwm' ent (hr) in each
T 7 ‘area by mine‘radio= tagged walleyes in Pool 8 of the
- Upper- M1551551pp1 Rlver durlng sprlng, 1976

Appendix V - Summary of the randqm sw1mm1ng distance {(m) in each
SR .. area by nine radio-tagged walleyes in Navigation Pool
_8 of the Upper Mississippi River during spring, 1976.

- Appendix - VI - Summary of the directional distance (m): travelled by
S : “wruine radio-tagged-walleyesin Nav1gat10n ‘Pool 8 of the
_mUpper M1551551pp1 River durlng sprlng. 1976.

--Appenaix--VII~afSummary of the daytlme movement: behav1or of seven
e T L tagged walleyes: in:the-tailwater area of Lock and
- Dam 7 in- the Upper ‘Mi

1551pp1 River: during spring,

e

1 Rlver durlng spring,
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Appendix I. Electronic Trackihg Equipment.

Transmitter Specifications

1) Built by: Cedar Creek Bloelectronlcs Lab
2660 Fawn Lake Drive N. E.
Bethel, Minnesota 55005

2) Construction Details: Bail, Liodo 1972 Fleld instructions for
. University ofqunnesota Telemetry Equipment.
‘Univ. Minn. 10 p. mimeo.

w~5)+*PoweruSeuree+wwlf4wvrmércuryrceilr'T”””_"" _
4) Potting material: Scotcheast Resin #5 (XR5235)"

Source:.. Prehler Electrical. Insulation Company
2300 North Kilbourn Avenue
Chicago, Illinois 60639
5) Welght of Potted Transmitter: 28 g

6) Welght in Water ' 22.2.g _m

",..,74“)VMLengtﬂh. - 4 6 - Inm,. ‘ .

gy Uiﬂél‘ﬂété‘?:: 18 i

9) ~Battery Life: 70-80 day ave.

Receiver 'Spéc'i'fi'é'ét'ibns. e e

1) Built by: Dr. Thomas Weeks -
Blology Department

- University-of: wlscons;n3—-La Crosse e :

it La Crosse, Wisconisn 54601 e !

2) Construction Details: Kuechle, . B., R. A "Reichle, and R J. g
Schuster. ~1971. - Construction details for E

an an1ma1 ~tracking-receiver. Univ. Minn. ;

Preamplifier and Converter: Vangaurd Mbdel 407 _
el —Soiirce: Vangaird Electronics Labs
196=23 Jamaica Avenue =
“Hollis; New:York 1423~

bile Radlo . Channel -Master:Model -6280-ce .
i -Channel- M&ster—Meéel—ézsﬁ—n-
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Appendix I {continued):

Beat Frequency Oscillator: Crystal
Source: Crystex. :
1000 Crystal Drive
Fort Meyers, Florida 33901

o ‘Model 6286 190X 115 X 205 mn

Antenﬁa—cdmponentsww~*”'"'

"'Loop 6 ft of 0,25 in alumlnum tublng, 4-40 pf trlmmer capacitor.
= > Range®- 100 m

Yagi: Hy-gain Model 64B (230) °
~ . Source: Hy-gain Electronics Corporation
' ~ Northeast Highway 6

S Lincoln, Nebraskﬁ“68501 TR
4 Ra‘ri“g‘e 1600 'm h

: Coax1al Cable. RGSS
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Appendix III. Summary of the time (hr) spent in directional swimming
. by nine radio-tagged walleyes in Pool 8 of the Upper
Mississippi River during spring, 1976.

Tailwater Area _ Other Areas =~ Total
8 (hr) , oooothr)y o o (hr) i

2 2 o 2a3
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Summary of the directional distance (m) travelled by nine
radio-tagged walleyes in Navigation Pool 8 of the Upper
Mississippi River during spring, 1976.

::Tailwéter"Areaf_ B Other Areas: Total

w e m (m)

csas 844

4,188 - _:____:_'_________:_________________1(_),334__; 15,022

3,425 ... 894 .. . 4,319
' 0

5,288 . 5,288

.2;7351  ijuun%f.T ;._ ;% 4G?E} ‘_ 3,137
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