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ABSTRACT 

Nine walleye, five males and four females, were tagged 

with internal ultrasonic transmitters during late April and 

May, 1976. The fish ranged from 1.9 to 3.18 kg in weight and 

from 580 to 660 mm in length. Six of these fish were moni

tored daily through June, July and August and on weekends 

during May, September, October and December. During the sum

mer, walleye established well-defined activity centers which 

ranged from 7 to 77 ha. Five fish selected shallow water 

(2-7 m) activity centers which included dense stands of rooted 

aquatic vegetation. One fis~ selected a deep water (6-15 m) 

activity center during the summer. Walleye movement was 

higher at night than during the day, a major movement period 

occurring from 20:00 to 24:00 and a minor period occurring 

from 05:00 to 08:00. Walleye were found at shallower depths 

during nighttime periods than during daytime periods. Eval

uation of fish movement and depth with several environmental 

parameters such as barometric pressure, sky cover, secchi disc 

depth and wind conditions failed to produce any statistically 

significant relationships. Shallow water walleye appeared to 

be scattered in the aquatic vegetation during the summer 

period and only exhibited schooling tendencies when they moved 

to deeper water in late fall. When fish were in water greater 

than about 3 m in depth, outboard motor noise directly over 

the fish did not appear to affect them. 
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INTRODUCTION 

Knowledge of daily and seasonal behavior and movement of 

fishes can have important applications in fisheries manage

ment and angler harvest. A variety of methods have been 

utilized to monitor the activity patterns of various fishes. 

Visual observation can provide useful information 

(Regier et ale 1969) but this approach is limited by light 

intensity and water clarity. Additionally, it is not suit

able for long term observations. Hasler and Wisby (1958) 

attached surface floats to fish to observe movement, but line 

entanglement, exhaustion from towing, and the unnatural 

restriction to the fish limited the usefulness of this tech

nique. Conventionally, therefore, mark and recapture methods 

have been used to discern fish behavior and movement over 

longer time periods. Such studies have revealed general dis

persal patterns, homing tendencies, movement rates and other 

other behavioral information for numerous species. This pro

cedure is usually inadequate, however, to determine detailed, 

short term changes in activity. Additionally, it requires 

extensive recapture efforts which may also interfere with 

normal fish activity. 

The development of biotelemetry techniques has been a 

major advancement in the study of fish activity. It allows 

many informational units to be taken on individual fish with

out extensive recapture efforts and with a minimum of stress 
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on the fish being monitored. Radio and ultrasonic transmit

ters have been employed in behavioral studies of aquatic 

animals for over 20 years (Trefethen, 1956). Owing to the 

large size and brief operational life of earlier transmitters, 

most telemetry efforts have involved short term studies of 

larger bodied fishes. The development of miniaturized trans

mitters with improved operational features now permits long 

term behavioral studies of a variety of fish species. Stasko 

(1975) and The Underwater Telemetry Newsletter (1971-1977) 

provide a bibliography of historic and recent research. 

Additionally, Stasko and Pincock (1977) discuss ultrasonic 

telemetry techniques, equipment and biological applications. 

Walleye, Stizostedion vitreum vitreum (Mitchill), is an 

important game fish throughout its native and introduced range. 

Natural populations are distributed from the Northwest Terri

tories across the Canadian provinces east of the Rocky Moun

tains into northern Labrador, south along the Atlantic coast 

to North Carolina, west to northern Arkansas and Nebraska, and 

north along the Missouri River (Eddy and Underhill, 1974). 

In the past several decades, many impoundments, especially in 

the southern and western United States, have been stocked with 

the species (Eddy and Underhill, 1974). 

Walleye generally prefer larger lakes or interconnected 

small lakes and rivers which contain clean and cold or mod

erately warm waters (Eddy and Underhill, 1974; Johnson et ale 

1977). Walleye are closely associated with the substrate and 
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select gravel bars, stony or rocky points combined with steep 

gradients and firm substrate such as sand or marl (Regier et 

ale 1969; Rose, 1969). Although soft bottoms appear to be 

less suitable, walleye may be attracted to such areas if food 

resources are adequate (Harlan and Speaker, 1969). 

Most investigations of walleye behavioral and seasonal 

movement have concerned reproductive activities. Many inves

tigators, using conventional mark and recapture techniques, 

have studied the dispersal from and homing to spawning sites, 

e.g. Eschmeyer (1950), Rawson (1956), Crowe (1962), Olson 

and Scidmore (1962) and Ferguson and Derksen (1971). In 

general, these studies have shown the existence of discrete 

subpopulations which home to specific spawning areas within 

a drainage or water body. Most authors believe that extensive 

intermingling of subpopulations occurs during the summer, 

but Forney (1963) suggested that most walleye remain in a 

limited area, and that spawning populations in larger lakes 

may remain partially discrete throughout the summer. 

Diel activity patterns of walleye are known in a general 

way. Adults tend to be negatively phototropic, seeking out 

shady areas or deeper waters during daylight hours (Harlan 

and Speaker, 1969; Regier et ale 1969; Ryder, 1977). Greatest 

activity tends to occur during nighttime hours, some of this 

movement being associated with travel to and from feeding 

areas (Carlander and Cleary, 1949; Sieh and Parsons, 1950; 

Rawson, 1956). Some authors suggest that the seasonal 
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availability of types and amounts of food may regulate the 

distance an individual fish travels (Harlan and Speaker, 1969; 

Schupp, 1972). Daily activity patterns may vary between water 

bodies according to turbidity (Scott and Crossman, 1973). 

A number of recent studies have utilized biotelemetry to 

observe walleye behavior and movement in various habitats 

(Table 1). Wrenn, 1974, as cited in Ager (1976), Fossum 

(1975) and Bahr (1977) worked in large rivers. Reservoir and 

lake walleyes were studied by Ager (1976), Kelso (1976) and 

Holt et ale (1977). 

The present study was conducted to determine the behav

ioral patterns, movements, and habitat preferences of mature 

walleye in West Lake Okoboji, Iowa by means of ultrasonic 

telemetry. The research focused on several objectives: 1) to 

determine the normal diel activity patterns and size and 

nature of activity centers of individual fish; 2) to deter

mine the influence of various environmental parameters such 

as water temperature, dissolved oxygen concentration, turbid

ity, basin morphometry, aquatic vegetation and climatic 

factors upon the behavioral and movement patterns; 3) to 

ascertain the effect of boating activity upon these behav

ioral patterns; and 4) to evaluate the usefulness of the 

technique for expanded behavioral study of the species. 



T
ab

le
 

1
. 

M
et

ho
d 

o
f 

tr
a
n

sm
it

te
r 

at
ta

ch
m

en
t 

an
d

 t
ra

n
sm

it
te

r 
lo

n
g

ev
it

y
 o

f 
so

m
e 

w
al

le
y

e 
in

v
e
st

ig
a
ti

o
n

s 

T
yp

e 
o

f 
In

v
e
st

ig
a
to

r 
te

le
m

e
tr

y
 

F
os

su
m

 
(1

97
5)

 
u

lt
ra

so
n

ic
 

B
ah

r 
(1

97
7)

 
ra

d
io

 

A
ge

r 
(1

97
6)

 
u

lt
ra

so
n

ic
 

K
el

so
 

(1
97

6)
 

u
lt

ra
so

n
ic

 

H
o

lt
 
e
t 

a
l.

 
ra

d
io

 
(1

97
7)

 

P
re

se
n

t 
S

tu
d

y
 

u
lt

ra
so

n
ic

 

N
o.

 
o

f 
T

ra
n

sm
it

te
r 

fi
sh

 
at

ta
ch

m
en

t 
st

u
d

ie
d

 

e
x

te
rn

a
l 

6 

e
x

te
rn

a
l 

12
 

su
rg

ic
a
l 

29
 

e
x

te
rn

a
l 

8 

e
x

te
rn

a
l 

18
 

su
rg

ic
a
l 

6 

T
ra

n
sm

it
te

r 
lo

n
g

e
v

it
y

 
(d

ay
s)

 

2-
5 

7-
49

 

4-
82

 

1 2-
33

 

20
3-

37
9+

 

st
u

d
y

 a
re

a
 

M
is

si
ss

ip
p

i 
R

iv
er

 
(P

o
o

ls
 3

 &
 4

) 

M
is

si
ss

ip
p

i 
R

iv
er

 
(P

o
o

ls
 8

 &
 9

) 

C
en

te
r 

H
il

l 
R

es
er

-
v

o
ir

, 
T

en
n

es
se

e 

W
es

t 
B

lu
e 

L
ak

e,
 

M
an

it
ob

a 

L
ak

e 
B

em
id

ji
, 

M
in

n
es

o
ta

 

W
es

t 
L

ak
e 

O
k

o
b

o
ji

, 
Io

w
a 

\J
\ 



6 

MATERIALS AND METHODS 

The Study Area 

West Lake Okoboji, Dickinson County, is part of a chain 

of natural lakes in northwestern Iowa known as the Iowa Great 

Lakes. It is the deepest (42.7 m) natural lake in Iowa and 

has the second largest surface area (1540 ha). The physical, 

chemical and biological characteristics of the lake have been 

well studied. Except in the several major bays, the lake 

bottom slopes downward rapidly (Bachmann et ale 1966). The 

substrate is largely gravel, sand and ooze, but areas of gla

cial boulders are extensive. The lake normally experiences 

summer thermal stratification. Typically there is hypolim

netic oxygen depletion in late summer, becoming nearly com

plete below about 20 m (Bachmann and Jones, 1974). Although 

all of the Iowa Great Lakes are biologically productive, West 

Lake Okoboji is the least eutrophic. Light penetration is 

routinely deeper in this lake than in the others, and algal 

blooms and aquatic macrophytes are rarely more than a local 

problem (Bachmann and Jones, 1974). 

Capture and Release 

Tagging operations began in mid-April, 1976. Aninitial 

group of nine experimental fish was obtained from Iowa Conser

vation Commission personnel after use of the fish for arti

ficial propagation purposes. Fish were captured by 160 ft 

(48.7 m), 2.5 in (6.4 cm) bar mesh gill nets set in spawning 
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areas during evening hours. Shortly after capture, the fish 

were transported to the East Lake Okoboji stripping station 

and placed in continuous flow holding tanks. All fish were 

obtained from West Lake Okoboji, but precise capture locations 

are unknown· as all fish were placed in a common holding tank 

on the transport vehicle. After stripping the eggs or milt, 

the transmitters were surgically implanted into the body 

cavity of the fish. The fish were held for a one week post 

surgery observation period, during which time all contracted 

a severe Saprolegnia fungus infection. Treatment with a 

daily I hour bath of 200 mg/l formalin solution was applied. 

Despite this effort, three fish died. The treatment appeared 

to arrest the infection among the remaining six fish, however, 

which were subsequently released at random locations in West 

Lake Okoboji. 

From this experience, it was determined that collecting 

and tagging procedures should be modified to reduce stress 

upon the fish. Consequently, three additional experimental 

fish were handled in the following manner. Collecting was 

performed by the investigator using nighttime gill net sets. 

Immediately after the fish were removed from the net, the 

transmitter was surgically implanted using the boat seat as 

an operating table. FO'llowing recovery from the anaesthesia, 

the fish were released at the capture site. Using this pro

cedure, study fish were removed from the lake less than 

one-half hour. 
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Prior to release, length and weight measurements were 

taken on each fish, and sex was determined by gonadal obser

vation during the transmitter implantation. 

Transmitter Implantation Procedures 

For purposes of developing surgical techniques, opera

tions were performed on six walleye in early April, 1976, 

using dummy transmitters of the same size and weight as func

tional transmitters. Walleye with dummy transmitters were 

held for a three month period in a rearing pond at the state 

Fish Hatchery, Spirit Lake, to observe their ·condition and 

healing. 

From these efforts, a standardized implantation proce

dure was determined. Prior to surgery the fish was anaes

thetized in a 25 ppm Quinaldine solution. The fish were then 

placed in a V-shaped trough, ventral surface up, and a wet 

cloth was placed over the gills. The transmitters were 

inserted anteriorly into the abdominal cavity through a 

post-pelvic incision, approximately 10-15 mm to the side of 

the midventral line and 50 mm anterior to the anal opening. 

The incision, approximately 25 mm in length, was made by 

scalpel, using a number 20 blade. The incision was closed 

using an atraumatic cutting needle trailing 000 silk suture. 

Three to four individual stitches using overhand knots were 

required to close the incision. In general, this surgical 

procedure was completed within J-~ minutes. The fish was 
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placed in fresh water upon surgery completion. For pur

poses of external identification, a numbered plastic dart 

tag was inserted into each fish just below the anterior dorsal 

fin. 

All the surgical equipment was either sterilized in 

alcohol or boiled in water. The transmitters were sterilized 

in alcohol. Surgical gloves were worn during the operation. 

Some investigators, including Hart and Summerfelt (1975), 

Ager (1976) and Crossman (1977) have injected antibiotics 

into the body cavity, however, I used no such treatment. 

Tracking Equipment and Procedures 

The transmitters and tracking equipment were manufactured 

by Donald L. Brumbaugh, Tucson, Arizona. Transmitters and 

batteries were housed in plastic capsules measuring 16 mm X 

60 mm. The entire unit weighed approximately 8 g in water. 

Two types of transmitters were used, a temperature trans

ponding type and a fixed signal type. The five fixed signal 

transmitters were identifiable according to their individual 

frequency (approximately 76 to 79 kHz) and pulse rate (about 

64 to 106 pulses/minute). The four temperature transponding 

transmitters had fixed frequencies (79 to 84 kHz), but the 

pulse rate varied directly according to water temperature 

(Table 2). Prior to use, the temperature transponding trans

mitters were laboratory tested in water baths of varying 

temperatures (9-26 °C). In this manner, a pulse rate was 
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Table 2. Ultrasonic transmitter parameters 

Transmitter No. 

4 

11 

13 

1.5 

16 

T4 

T7 

T8 

T9 

Pulse rate/minute 

66 

106 

80 

70 

64 

71 at 23 °c 

66.5 at 23 °c 

85 at 23 °c 

68 at 23 °c 

Frequency (kHz) 

78.9 

77.5 

77.3 

76.6 

76.9 

79.3 

82.4 

83.3 

84.0 

obtained for each degree of temperature over the range of 

temperature tested. When tested at the same temperature, the 

pulse rates of individual transmitters were different. 

The receiving equipment was portable, consisting of 

three components: a battery powered receiver unit with 

frequency and volume selectors, an earphone headset, and a 

hydrophone. The receiver unit converted the sonic signal to 

an audible signal. An earphone headset was used to aid the 

observer in the detection of a sonic signal as waves, wind 

and motor noise obscured the signal from an external speaker. 

A stop watch was used to determine transmitter pulse rates. 
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An unscheduled system was utilized to permit tracking 

at all day and night hours. Tracking was accomplished from 

an outboard motorboat. Typically, search for a fish would 

proceed from the point where it was last located. If the 

fish was not found in that area, a grid search pattern, in 

which grid lines were approximately 200 m apart, was used to 

relocate the fish. Weather permitting, tracking was accom

plished weekdays during June, July and August, and on week

ends during May, September, October and December. Heavy 

motorboat traffic during the summer months led to abandon

ment of weekend tracking early in the study due to extensive 

signal interference from boats and motors. 

When a fish was located, the date, time, water depth and 

pulse rate were recorded. The boat was positioned over the 

fish and a Lowrance Model LRG 605 Flasher-Graph Recorder was 

used to determine depth and record the substrate condition, 

as either clean or vegetated, and hard or soft. Fish loca

tions were determined both by triangulation using a marine 

sextant, and by a simple visual plot on a detailed contour 

map of the lake. Prominent land marks such as points of land, 

silos and water towers were used as sextant triangulation 

points. Sec chi disk readings at fish locations were aban

doned early in the study due to inaccuracies resulting from 

disk and line entanglement in the aquatic vegetation. 

Fish locations were plotted on a 1:7920 in scale map by 

use of a three-armed protractor and triangulation data. 
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Average hourly movement rates were determined by measuring 

the straight line distance between successive fixes in a 

single 24 hr period and then dividing by the elapsed time. 

This represents the minimal distance of movement possible. 

For daily movement rates the 24 hour day was arbitrarily 

divided into a daytime period (07:01 to 20:00) and a night

time period (20:01 to 07:00). 

Measurement of Environmental Parameters 

Limnological data were taken periodically at five lake 

stations (Fig. 1). Dissolved oxygen and temperature profiles 

were recorded bi-weekly using a Garcia Model 8500 Oxygen 

Temperature Probe and a Whitney resistance thermometer. 

Secchi disk readings were also obtained at these stations. 

Daily high and low air temperatures were obtained from 

the first order weather station at the Iowa Lakeside Labora

tory, located on Millers Bay, West Lake Okoboji. Barometric 

pressure readings were recorded at 07:00 and 19:00 (C.D.S.T.) 

using an Improved Surveying Aneroid Compensated (Keuffel and 

Esser Company, New York, N. Y.). Morning and evening sky and 

wind conditions were also recorded daily. 

Terminology and Statistical Procedures 

Home range concepts and terminology have become well

established in the literature on movements of terrestrial 

animals. These concepts are relatively new for the aquatic 

biologist dealing with fishes. I feel that these established 
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concepts should be maintained and modified only when circum

stances warrant. 

Burt (1943) described the home range as "that area tra

versed by the individual in its normal activities of food 

gathering, mating and caring for young." This definition 

includes the time interval from one mating season to the next 

and would encompass one year for most species of 'temperate 

regions. Under this definition, home range in the present 

study may include the entire lake, as present evidence 

indicates the entire lake is used during the course of a year. 

I realize that there are seasonal barriers that limit move

ments such as thermal stratification and anoxic waters, but 

at some time during the year the entire lake can be utilized, 

especially during and after spring and fall turnover. 

A more useful concept for application to the present 

study is that of the biological "activity center." This term 

was used by Ables (1969) to refer to the clumping of position 

fixes which resulted from unequal habitat use by an individual 

animal. In the present study, therefore, a concentration or 

clumping of fish locations in a specific area of the lake was 

termed an activity center, as there appeared to be other 

similar habitat which the fish did not utilize. In order to 

obtain a measurement of area for these activity centers, I 

used the method described by Odum and Kuenzler (1955) and 

Winter (1977). Using this method, the extreme outermost 

position fixes were connected to form the smallest convex 
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polygon which contains all the location points. If a side of 

a polygon cut across land, the shoreline was used as a bound

ary. A planimeter was then used to determine the area of the 

activity center. Certain small areas within the activity 

center that received heavy daytime usage for one week or more 

were termed "rest areas." 

According to Winter (1977), locations which represent 

obvious wandering should be excluded from "home range" calcu

lations. In the present study, such wanderings were excluded 

from activity center dimensions and were termed "exploratory 

excursions." 

Statistical analysis of the data were performed at the 

Iowa State University Computation Center. Regression and 

correlation analyses were performed by use of the Statistical 

Analysis System (S.A.S.). 
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RESULTS 

Three of the nine experimental fish were never relocated 

after release. The remaining six fish were regularly located 

throughout the summer and fall periods. Table J summarizes 

the physical characteristics of the fish and their histories 

of observation. 

Summertime Activity Centers 

During most of the study period, activity of the study 

fish was primarily limited to two discrete areas of the lake, 

the mouth of Emerson Bay and the northern one-third of the 

lake. Emerson Bay is the largest of several embayments in 

the lake and is located in the southwest end (Fig. 1). An 

important feature of the bay is an underwater bar which ex

tends across the mouth from Eagle Point to Pocohontas Point. 

The bar is approximately 250 m wide and isabout J m deep at 

its shallowest point. The bar is flat topped, but drops off 

rapidly into deeper water on the inside and outside edges. 

The substrate is largely sand, gravel and marl, with an 

occasional concentration of rubble and rock. The dominant 

feature of the bar is the dense growth of rooted aquatic 

vegetation that occurs over its entire area down to the 5 to 

6 m (17-21 ft) depth at the edges. The substrate of the 

deeper waters has some areas of muck and silt, but extensive 

zones of rock and boulder are also present. The maximum depth 

of the bay is about 11 m (32 ft). 
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The northern section of the lake is relatively flat

bottomed. It is also the shallowest portion of the lake and 

is dominated by dense growths of vegetation down to about the 

6 m (21 ft) depth. The substrate of the shoreline is predom

inantly sand and gravel, but rock and boulders are scattered 

around the major points. The substrate in areas deeper than 

about 11 m ()2 ft) is largely muck and silt. 

Individual activity centers 

General capture and release information and activity pat

terns for individual fish are given below. 

Fish 00 This female was captured at 24:00, 8 June, in 

) m (9 ft) of water off Pikes Point. Transmitter implantation 

and release at the capture site was carried out immediately. 

Fig. 2 shows the shoreline activity centers of this fish. 

This walleye was different from other fish in that it occupied 

three widely separate areas of activity. No activity center 

area measurements were obtained for this fish as the smallest 

convex polygon method would have included substantial areas 

of the lake where the fish was never located. Additionally, 

she was never detected while moving from one center to another 

so that travel lanes are unknown and could not be included in 

activity center dimensions. Indirect evidence indicates that 

movement between the two centers on opposite sides of the 

lake was in a straight line of travel over deep water. On a 

number of occasions she was located in both centers within a 
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1 to 2 hr period. During this time, normal search was being 

conducted in North Bay, and a shoreline movement of the fish 

would have been detected. Also, the distance of a shoreline 

route was probably too great to be traveled in a 1 to 2 hr 

period. 

The connected points display an exploratory excursion by 

this fish when it left the activity center on the west side 

of the lake and moved northward along the shore for Ii days. 

She then returned directly to the same activity center. 

Fish 77 Although the early April capture site of this 

male is unknown, it was released 1 May, off Eagle Point in 2 

m (6 ft) of water (see inset, Fig. 3). Upon release the fish 

moved northward and was relocated 2 June, near Pikes Point in 

the northern portion of the lake, where it established a 

shoreline activity center (Fig. 3). 

The connected locations near the west shore, shown in 

Fig. 3, represent a one night exploratory excursion by this 

fish. Near sundown on 29 July, the fish moved in a straight 

line from its activity center toward the west shore. It 

stayed near a rock reef until sunrise when it moved directly 

back to the general area from which it had started. 

Fish 55 This male was captured at 04:00, 15 May, in 

3 m (9 ft) of water off Eagle Point. Immediately after cap

ture, the fish was tagged and released at the same site. The 

capture/release site is included within the activity center 

near the mouth of Emerson Bay. This area encompassed the bar 
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between Eagle Point and Pocohontas Point (Fig. 4). Many 

movements were made to the flat area between Gull Point and 

Eagle Point. 

Fish 66 The early April capture site of this female 

is unknown, but she was released 1 May, in about 5 m (16 ft) 

of water in Millers Bay (see inset, Fig. 5). After release 

she moved to North Bay by 7 May, remained there until 4 June, 

and established an activity center by 9 June in the mouth of 

Emerson Bay (Fig. 5). 

The location plots indicate she utilized both the inside 

and the outside edges of the southern portion of the bar 

between Eagle and Pocohontas Points. Extensive use was made 

of the Pocohontas Point area and a distance of shoreline west 

from the point. 

Fish 88 This female was captured at 23:00, 6 May, in 

water 3 m (9 ft) deep off Eagle Point. The fish was tagged im

mediately and released at the same location. The fish estab

lished an activity center near the mouth of Emerson Bay, which 

included the capture/release site (Fig. 6). The center includ

ed the bar between Eagle and Pocohontas Point and the flat 

area between Gull Point and Eagle Point. The activity center 

of this fish was nearly identical to that of fish 55, and 

overlapped with a portion of the activity center of fish 66. 

Fish 99 Although its early April capture site is 

unknown, this male was released 1 May, in 3 m (9 ft) of water 

off Gull Point (see inset, Fig. 7). The fish moved into 
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Millers Bay by 7 May and remained there until 1 June. By 4 

June it had moved to the inside bar of Emerson Bay. It re

mained there until 18 June when it suddenly moved into deep 

water just south of Gull Point and remained there until it 

was captured by an angler on 21 July (Fig. 7). 

This was the only fish that established a deep water 

activity center. It was also the only fish to be captured by 

an angler. 

Activity center size 

Activity center size varied from 7 to 77 ha for those 

that were calculated. Table 4 shows the activity center size 

and average daily movement for individual fish. Those fish 

whose activity occurred primarily along the north shoreline 

COO and 77) tended to have larger daily movement rates. The 

single deep water fish (99) exhibited the smallest daily 

movement rate and activity center size. There was no obvious 

relationship between activity center dimensions and average 

daily movement rate, sex or size of fish. Daily movement 

also appeared independent of fish sex or size. 

Activity center depth 

Activity center depth was 2-7 m for the shallow water 

fish and 6-15 m for the deep,·water fish. Figs. 2-6 show the 

concentration of points between the 3-6 m (10-20 ft) contour 

lines for the shallow water activity centers. Fig. 7 shows 

the concentration of points between the 7-14 m (23-46 ft) 
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contour lines for the single deep water activity center. 

Activity center habitat features 

Among the five shallow water activity centers, the most 

prominent feature was the heavy beds of aquatic vegetation. 

Grab samples of the submersed macrophytes within the activity 

centers showed that coontail (Ceratophyllum dimersum) was 

the dominant plant species and, to a lesser extent, pondweed 

(Potomageton sp.) and Chara sp. occurred. There was no ob

vious selection for a specific species or type of rooted 

aquatic vegetation. The substrate of these activity centers 

included sand, marl, gravel, rock and rubble and some rock 

reefs. Fish seldom ventured over muck or silt substrate. 

The single deep water activity center did not include 

aquatic vegetation. The substrate consisted largely of 

scattered rock and large boulders with some rubble and rock 

reefs. 

Activity center temperature and oxygen 

The thermal and dissolved oxygen profiles during the 

summer months for station 2 are shown in Fig. 8. The observed 

thermal and dissolved oxygen values varied little among 

stations on a specific sampling day. Although these profiles 

extend deeper than the depths at which most activity centers 

occurred, they are the same as values observed within the 

centers. The temperature and dissolved oxygen were fairly 

homogenous for the shallow water activity centers. At times, 
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Figure 8. Temperature and oxygen profiles of West Lake 
Okoboji on selected dates 
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the upper portion of the thermocline was included within the 

deep water activity center. Generally, temperature and dis

solved oxygen were somewhat lower in the deep water center 

(Fig. 8) when compared to the shallow water centers. 

Patterns of Movement within the Activity Centers 

Zig-zag and straight swimming 

Generally, fish movement, or lack of it, could be deter

mined by the type of signal that was detected. If a fish was 

stationary, signal strength would remain constant and the 

signal would eminate from one direction. A signal that fluc

tuated in strength, and came from somewhat different direc

tions usually indicated active fish. 

Two types of swimming behavior became evident during the 

study period. One was a zig-zag type movement, where fish 

were either cruising slowly or were stationary and then made 

sudden rapid bursts in different directions. This movement 

was distinguished by a strong signal from one direction, then 

a sudden decrease or momentary loss of the signal only to re

ceive a strong signal moments later from a different direc

tion. Occasionally the monitored fish would move toward and 

nearly under the search boat. Most examples of zig-zag move

ments were observed during the nighttime period. The other 

type of swimming observed was straighter in path direction 

and at a more uniform travel speed. Thislmovement was distin

guished by a strong and somewhat fluctuating signal from one 
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direction with a gradual decrease in signal strength from the 

same direction as the fish moved away. It was also distin

guished by receiving a weak fluctuating signal from one direc

tion, with increasing signal strength as the fish moved to

ward the search boat, with a corresponding decrease in signal 

strength as it moved away. Swimming activity with this char

acteristic usually was observed near sunrise and sundown. 

Day and night movements 

Comparisons of day and night movement rates showed that 

significantly (F = 9.10, P = 0.03) higher movement rates 

occurred during nighttime intervals (Table 5). The nocturnal 

activity pattern was bimodal, a major activity period occur

ring from 20:00 to 24:00 and a minor period occurring from 

05:00 to 08:00 (Fig. 9). 

Typical daily movement patterns within the activity cen

ters became fairly well established during the summer months. 

Study fish were usually found stationary in the smaller rest 

areas during the daytime period and moving toward or within 

a larger foraging area during the nighttime period. Fish 

tended to make nightly, daily or two day excursions out of 

the rest area and then returned. Rest areas within the ac

tivity center shifted somewhat during the summer period, but 

always included heavy beds of rooted aquatic vegetation 

(except for the deep water fish, 99). For example, Fig. 10 

shows the movement in and out of a rest area by fish 55. 
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Table 5. Comparisons of day and night mean movement rates 
in m/hr for individual fish 

Fish no. Night n Day n 

00 436 6 39 7 

55 183 8 23 17 

66 128 4 27 15 

77 547 6 63 11 

88 182 4 41 17 

99 39 1 12 9 

Total 1425 29 205 76 
Grand mean 237 (t 48)a 34 (! 48)a 

a p = 0.03, Fl,5 d.f. = 9.10 

The observation on 9 August was at 05:00 and the fish was 

moving rapidly southward toward the rest area just north of 

Pocohontas Point. The observation on 10 August was in the 

rest area at 09:30. The 11 August observation was at 10:34 

with the fish slowly moving northward. The first observation 

on 12 August was at 01:20 near Gull Point, a foraging area. 

Observation two on 12 August was at the rest area at 08:45, 

and observation three on 12 August was at 23:30 back in the 

foraging area. The observation on 13 August was at 13:55, 

and the fish was in the rest area. Fig. 11 shows a similar 

pattern established by fish 88. In this case, the rest area 

occurred on the inside bar at the mouth of Emerson Bay, and 
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the foraging area was between Gull and Eagle Points. 

The activity centers of fish 55, 66 and 88 broadly over

lapped near the mouth of Emerson Bay as did the centers of 

fish 00 and 77 in the north end. However, no group movements 

or schooling of these fish was observed, even when at times 

tagged fish were in close proximity to each other. 

Fish depth and temperature 

Fig. 12 shows the water depths that the individual shal

low water fish occupied. Grouping of individual depth records 

for shallow water fish show that 92 per cent of the observa

tions were between the 2-6 m depths (Fig. 13). 

To evaluate walleye depth distribution in response to 

light intensities, I plotted fish depth against time of day, 

assuming that light intensity would peak near midday and be 

minimal near midnight. Linear regression analysis of this 

relationship indicates the slope (b) for both the shallow 

and deep-water fish is significant at the p = 0.01 level 

(Fig. 14). Fish occupied shallower waters during the night

time periods and deeper waters during daytime periods (Fig. 

14). Only data from clear days were used as clouds and waves 

tended to mask the response. 

Individual tagged walleye could usually be recorded on 

the Grapher-Recorder unless the fish was within a heavy bed 

of rooted aquatic vegetation. Walleye were usually within 1 m 

of the lake bottom, many times suspended next to such plant 
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Figure 13. Combined depths of the five shallow water fish 
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beds. 

The average monthly summer body temperature of shallow 

water fish 00, 55 and 88 as determined from the temperature 

transponding transmitters is shown on Table 6. Throughout 

the summer the three fish occupied a narrow temperature range, 

which was dictated by their depth distribution (Fig. 15). The 

mean body temperature of the fish was 21.9 °c (71.5 OF), and 

most observations ranged between 20 and 25 °c (Fig. 15). 

There were no recorded body temperatures above 25 0C (77 OF), 

but temperatures below 20 °c (68 OF) were noted both early 

and late in the season. The warmest body temperatures oc

curred in July (Table 6). 

Other environmental parameters and response to outboard motors 

Statistical analysis of fish movement and depth with 

several other environmental parameters such as barometric 

pressure, sky cover, secchi disc depth and wind conditions 

failed to produce any significant relationships. 

The tracking boat as well as other outboard powered boats 

were driven directly over a fish to determine the response to 

motors. When fish were in waters shallower than about 3 m, 

motor noise, even at a low idle, caused the fish to move. 

Movement was not great, however, usually being 3-6 m to either 

side of the boat's path. If fish were in deeper water, out

board motor noise did not seem to affect them. 
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Exploratory Movements 

Exploratory excursions involved movement out of the ac

tivity center for a period of one to two days followed by 

direct travel back to the activity center. The distance that 

fish moved beyond the boundaries of the activity center was 

substantial, approximately 1500 m roundtrip for fish 77 and 

4,800 m roundtrip for fish 00. Environmental parameters were 

examined, but the stimulus for the behavior remains unknown. 

Late Fall and Winter Movements 

In late October, as the water cooled and the aquatic 

vegetation died, the fish began to abandon their shallow water 

summer activity centers in favor of deeper waters. Fish 55, 

66 and 88 were found in close proximity to each other and 

moving together on the outside bar between Eable Point and 

Pocohontas Point in 6-7 m (20 to 25 ft) of water (Fig. 16). 

On a number of October tracking efforts, these fish were so 

close together that ind~vidual signal recognition became 

difficult. Fish 00 and 77 also moved to deeper water just 

outside their respective summer activity centers but were not 

close together at this time. 

In late December and early January, fish 00 and 77 were 

located a considerable distance south of their summer activity 

centers. Both fish were in close proximityto'each other in 

9-10 m (30 to 35 ft) of water on a rock reef near Pillsbury 

Point and the mouth of Smiths Bay. Fish 55, 66 and 88 were 
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not relocated under the ice despite extensive search opera

tions around the mouth of Emerson Bay as well as the entire 

lake. These three fish were relocated, however, in spring, 

1977, after iceout, revealing that transmitters were functional 

during iceover but were not detected. 

Evaluation of Tracking Apparatus 

Of the six transmitters regularly monitored during the 

study period, four were temperature transponding types and 

two were fixed pulse types. Three temperature transponding 

transmitters and two fixed pulse transmitters remained func

tional into spring, 1977. One temperature transponding 

transmitter (fish 77), recovered from a previous study and 

refurbished by the manufacturer, ceased to function as a 

temperature transponding type in June, as its pulse rate be

came stable, but was utilized as a fixed pulse transmitter. 

Thus, four transmitters remained functional in fish as of 

June, 1977, well over one year of operational life (Table 2). 

Maximum signal transmission was obtained during early 

spring and late fall when water temperatures were homogenous 

and aquatic vegetation was sparse or non-existent. Reception 

distances in excess of 1.5 km were not uncommon during these 

time periods. The major problem with reception occurred when 

the fish were in heavy beds of rooted aquatic vegetation. 

Under such circumstances, transmission range was reduced to 

about 50 m. Cold water also reduced reception distances to 
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about 50 m resulting in the inability to find three fish 

(55, 66 and 88) during the iceover period. Wave action, 

thermal stratification and external interference also tended 

to reduce transmission range. 
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DISCUSSION 

Comparison of Fish Tracking Methodologies 

A variety of methods have been utilized to attach a 

transmitter to a fish. The three most common are: 1) external 

attachment by pins or wire through the dorsal musculature, 2) 

oral insertion into the stomach, and J) surgical implantation 

into the coelom. External attachment is more commonly used 

for radio transmitters as they need an antenna, however, all 

three methods have been used to attach ultrasonic transmitters. 

Two reports indicate that oral insertion into the stomach 

is not a satisfactory method of transmitter attachment for 

walleye. Ager (1976), in evaluating both oral and s~rgical 

insertion, reported that all six walleye studied regurgitated 

stomach inserted transmitters within 24 hours. Morris (1977) 

found that among J2 walleye with orally inserted sham trans

mitters, 28 regurgitations occurred in less than a 10 hr 

period. 

The existing evidence for evaluation of external or sur

gical attachment, however, is not as definitive as that of 

oral insertion. Fossum (1975), Bahr (1977) and Holt et al. 

(1977) used external attachment without major problems. One 

walleye with an external transmitter was at large for 214 days 

before being recaptured by a commercial gill net (Bahr, 1977). 

Morris (1977) reported that of JJ walleye with externally 

attached sham transmitters, none retained the transmitters 
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after six months in a weedy hatchery rearing pond. He also 

found that of 33 walleye with surgically implanted sham trans

mitters, only two retained their transmitters after six months 

in the same pond. According to Ager (1976) one walleye with a 

surgically implanted transmitter was at large for 190 days and 

one for 430 days before being recaptured by anglers. This 

present study has documented four walleye at large over 427 

days after surgical implantation (Table 2). 

Both external attachment and surgical implantation tech

niques seem to have advantages and disadvantages. The disad

vantages of the former method include hydraulic drag, entan

glement, extra weight and external irritation of the harness 

assembly. The major advantage is that transmitter attachment 

can be accomplished quickly, with a minimal amount of stress 

on the fish. The disadvantage of surgical implantation is the 

initial attachment procedure, which increases stress on the 

fish. After the wound has healed, however, the surgical 

method has none of the disadvantages of the external method. 

Morris (1977) concluded that the benefits of external attach

ment are outweighed by its undesirable characteristics. Addi

tionally, he reported that once the incision has healed in the 

surgical method, permanent transmitter attachment has been 

achieved, whereas an externally attached transmitter might 

be shed at any time. 

In the present study, surgical implantation worked well 

when performed in such a manner as to remove the fish from the 
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lake only long enough to complete the surgery, followed by 

immediate release of the fish at the capture site. When 

handled in this manner, no mortality occurred, their movement 

upon release was restricted to a local area, and activity 

centers, which included the capture/release site, were estab

lished early. In contrast, fish that were transported, im

planted, held for observation, and then released at random 

locations, wandered around the lake upon release before estab

lishing activity centers and none returned to the release site. 

Additionally, three Saprolegnia related deaths occurred dur

ing the observation period, and three fish were never located 

after release. The increased stress due to transporting, 

holding and treating can be eliminated with an effective 

surgical method, increasing the survival of surgically im

planted walleye. 

The loss of three experimental fish after release could 

be attributed to: 1) mortality due to the incomplete recovery 

from the Saprolegnia fungus infection, 2) transmitter malfunc

tion, 3) capture by angler and tag not returned, or 4) fish 

movement into an adjoining water body. Fish mortality appears 

to be the most likely explanation as: 1) the transmitters were 

operational upon release and no other transmitter malfunctions 

were observed, 2) the study received considerable publicity, 

with many anglers, bait shops, and resort owners aware of it, 

3) connecting waters were searched extensively and fish were 

not relocated. Additionally, gill netting by Iowa Conservation 



Commission hatchery crews in the spring of 1977 failed to re

capture any tagged walleye in connecting waters while recap

turing two tagged walleye from West Lake Okoboji. It is prob

able that when a fish died, the windblown body was deposited 

on shore where the transmitter became buried in sand. Conse

quently, it would have been impossible to detect a signal as 

ultrasonic signals need to be transmitted through a liquid 

medium. 

Walleye Activity Centers in Different Habitats 

Several recent biotelemetry studies have shown con

flicting results concerning walleye activity center (home 

range) establishment. Fossum (1975) stated that Mississippi 

River walleye did not appear to show preference for a partic

ular locality and did not repeatedly return to a specific 

habitat or home territory. He found that it was common for 

walleye to cruise approximately 24 km2 in a few days and to 

swim large, circular loops within Sturgeon Lake, a backwater 

area, before eventual loss of transmittered fish into the main 

channel of the Mississippi River. Lengths of the tracking 

periods were short, however, most being two to three days, 

with,a maximum of five days. This may not have been enough 

time for fish to exhibit or establish a home area. 

Similarly, Bahr (1977) did not report establishment of 

home areas for Mississippi River walleye. Rather, the study 

fish appeared to move at random, ranging from Lock and Dam 6 
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downstream to Lock and Dam 8, a distance of 56.3 km. Three 

walleye which were displaced 11.27-13.68 km from the capture 

site, a spawning area, all exhibited homing behavior by re

turning to the spawning/capture site. 

Ager (1976) found that of 18 walleye tracked for more 

than 10 consecutive days, nine established home ranges in Cen

ter Hill Reservoir, Tennessee. His definition of home range 

was that area which was repeatedly traversed by a fish during 

a monitoring period. He found home range size to be twice as 

large during winter (29.5 to 75.6 ha) as during summer (11.8 

to 33.7 ha). Of the nine fish that did not establish home 

ranges, seven were tracked during the spring and autumn months, 

a period when no home ranges were established. Six of the 

nine walleye that established home ranges were displaced from 

the capture site a distance of 4.0-9.3 km to determine homing. 

Subsequently all returned to establish a home area inclusive 

of the capture site. Three walleye that were not displaced 

also established a home area which included the capture site. 

Holt et al. (1977) found that walleye tended to inhabit 

particular areas in Lake Bemidji, Minnesota, but individual 

fish did not establish home areas. They stated that there 

appeared to be little relationship between the location of the 

release point and the areas of the lake to which test fish 

moved after release. 

West Lake Okoboji walleye established activity centers 

from mid-June through mid-October in agreement with the 
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findings of Ager (1976). Three walleye that were released at 

known capture sites established activity centers which in

cluded those sites. In contrast, none of the three walleye 

that were released at random locations, without knowledge of 

capture site, included the release site within the eventual 

activity center boundaries. It is possible, but unresolved, 

that these fish returned to their original activity centers. 

The available evidence suggests that walleye differ in 

their tendency to establish activity centers according to lo

cal habitat. Both Fossum (1975) and Bahr (1977) report random 

movement patterns among Mississippi River walleye. Ager (1976) 

and the present study have found that reservoir and lake wall

eye tend to establish activity centers (home areas). Although 

Holt et ale (1977) did not report similar behavior among Lake 

Bemidji walleye, the fish did tend to inhabit particular areas 

of the lake. Ryder (1977), using SCUBA, observed most wall

eye swimming in portions of lakes where perceptible currents 

existed. It is possible that currents, rising and falling 

water levels, higher turbidity and a generally less stable 

environment all contribute to the wandering behavior displayed 

by river walleye. 

Establishment of activity centers (home areas) has also 

been documented for lake or impoundment populations of flat

head catfish, Pylodictis olivaris, (Hart and Summerfelt, 1973), 

largemouth bass, Mictopterus salmoides, (Warden and Lorio, 

1975; Winter, 1977; B. W. Menzel, Dept. of Animal Ecology, 
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Ia. st. Univ., Ames, Iowa, personal communications), and 

muskellunge, Esox masquinongy, (Crossman, 1977). These fish 

are all predacious, and it is possible that knowledge of a 

specific area aids the fish to find food, cover and safety. 

The establishment and active use of disjunct activity 

centers by fish 00 has not been previously documented for wall

eye. However, B. W. Menzel (personal communications) has ob

served similar behavior among largemouth bass in Big Creek 

Reservoir, Polk County, Iowa. 

Movement Patterns 

Seasonal movements 

Ager (1976) stated that highest rates of walleye move

ment were observed during the winter months, and lowest rates 

were observed during spring and early summer. Holt et al. 

(1977) found no significant differences in the mean daily dis

tances that walleye moved during three seasons (spring, sum

mer and fall) or between two tracking years. On the basis of 

gill-net catches Schupp (1972) reported that spring and fall 

marked walleye of Leech Lake, Minnesota, were recaptured far

ther away from the release site than summer marked walleye. 

In the present case, walleye that were released at ran

dom locations in early May moved considerable distances before 

establishing activity centers by mid-June. It appears that 

establishment of an activity center reduced wandering since 

less movement was observed during the summer period. It is 



possible that greater movements in the spring are a combina

tion of pre- and post-spawning movements and search for or 

homing to an activity center. Schupp (1972) suggested that 

daily movement of walleye during the summer months was in

versely related to the abundance of young-of-the-year yellow 

perch (Perca flavescens). He reported that when young-of-the 

year yellow perch were readily available, summer marked wall

eye were recaptured closer to the release site than spring and 

fall marked walleye. Forney (1974) found that walleye in Lake 

Oneida, New York, began feeding on young perch late in June, 

and Schupp (1972) reported that young perch did not appear on 

the shoals and in trawls until late June. If this relation

ship held true for Okoboji walleye, food abundance may not be 

related to reduced summer movement as some activity centers 

had already been established by mid-May and all were estab

lished by mid-June. It is difficult to ascertain whether es

tablishment of activity centers during the summer period, and 

hence, decreased movement, is in response to forage concentra

tion or abundance, habitat availability or to other stimuli. 

Abandonment of summer activity centers in late October 

in favor of deeper waters by Okoboji walleye increased the 

movement during the fall period which agrees with Schupp 

(1972) and Ager (1976). I·believe that as water temperatures 

declined aquatic vegetation died and algal blooms decreased, 

resulting in increased light penetration. With no cover 

available to decrease light intensity walleye moved to deeper 
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waters in a phototrophic response. It is also possible that 

the fish were following a forage resource as Eschmeyer (1950) 

found that Michigan walleye were generally located at the 

depth of their forage and Rawson (1956) found that Lac La 

Rounge, Saskatchewan, walleye were most often caught in deep 

water when ciscoes, the most abundant food item of walleyes, 

were numerous in the 15 to 20 m depths. 

Diurnal movements 

Eschmeyer (1950), Rawson (1956), Ager (1976) and Holt et 

al. (1977) stated that walleye move more at night than during 

the day. My findings agree with these earlier observations. 

The bimodal pattern (Fig. 10) of the nocturnal movements ob

served here has also been documented by Car lander and Cleary 

(1949), Sieh and Parsons (1950) and Fossum (1975). However 

Bahr (1977) reported four distinct modes in activity: at 

02:30, 16:30, 11:30 and 18:30, with the highest peak at 02:30. 

The increased activity of walleye at night has been pri

marily attributed to food foraging. Sieh and Parsons (1950) 

suggested that walleye in Clear Lake, Iowa, came into shore 

at night to feed and Lake of the Woods, Minnesota-Ontario, 

walleye fed and were most active primarily at night during 

. July through September (Swenson and Smith, 1973). Fossum 

(1975) visually observed transmittered walleye chasing schools 

of minnows while displaying zig-zag movement. Although for

aging could not be directly observed in the present study, 

the occurrence of zig-zag movements with increased nocturnal 
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activity suggests feeding behavior. This behavior was ob

served both close to shore and at the deep water edge of the 

weedline, indicating that both shallow shorelines and deeper 

waters were utilized as foraging areas. This agrees with 

Harlan and Speaker (1969) who stated that nighttime feeding 

may occur in nearshore shallow water or in deeper water, 

according to the seasonal availability of food. According to 

Crum and Bachmann (1973) the outer weedline in West Lake 

Okoboji varies between 5-6 m. 

One method fisheries investigators have used to capture 

walleye is to set gill nets perpendicular to shore. That this 

is an effective means of capturing walleye is reflected by a 

number of telemetry studies. Fossum (1975) stated that walleye 

spent the majority of the time traveling the shoreline in wa

ters 1.5-3.0 m in depth. Holt et al. (1977) found that test 

fish moved chiefly parallel to the shore at depths of 1.6-5.0 

m. Ager (1976) indicated that walleye remained more than 30 m 

offshore 60 per cent of the time, but no pattern was estab

lished that indicated a depth preference. The results of the 

present study agree most closely with those of Fossum (1975) 

and Holt et al. (1977) in that West Lake Okoboji walleye moved 

primarily parallel to shorelines or to bars that extended be

tween two major land points at 2-6 m depths. Many of the move

ments along a shoreline or bar were along a specific contour 

interval. This indicated that the fish either preferred cer

tain depths or that they were using some type of underwater 
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structure such as weedlines as guides for travel lanes. 

Exploratory excursions 

Exploratory excursions out of the activity center were 

documented for fish 00 and 77. Environmental parameters were 

examined, but no factors could be found that would explain 

this type of movement. Largemouth bass in Big Creek Reservoir 

have shown similar excursions (B. W. Menzel, personal commu

nications). It is possible that walleye were searching for a 

more attractive activity center during these exploratory ex

cursions. These excursions also add an unexpected dimension 

to the aspects of "homing" by fishes. For example, if a fish 

was captured while on one of these excursions and displaced 

from the capture site with the assumption that the capture 

site was within the "home area," the results would be erro

neous. I propose that the best method to demonstrate "homing" 

is to allow the fish some time to establish a "home area" and 

then to recapture and displace the fish to see if it returns. 

Habitat Features 

Temperature and depth 

The literature suggests that walleye occur over a rather 

broad range of water temperatures. Dendy (1945) concluded 

that 21.2-26.6 °c (70-80 of) was the preferred summer tem

perature range of walleye in Norris Reservoir, Tennessee. 

Regier et ale (1969) stated that walleye in Western Lake Erie 

prefer summer temperatures from 21.1-22.2 °c (70-72 of). 
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Temperatures of approximately 12-18 °c (54-64 OF) were pre

ferred by walleye in Center Hill Reservoir, Tennessee (Ager, 

1976) over a period of one year. Kelso (1976) showed that 

walleye chose temperatures between 10.6-11.2 °c (51-52 OF) 

during September and October in West Blue Lake, Manitoba. 

Hokanson (1977) stated that the physiological optimum tem

perature for walleye is 22 °c. The summer body temperature 

for walleye in the present study ranged between 20~25 °c (68-

77 OF), with a mean summer temperature of 21.9 °c (71.4 OF) 

which compares most closely with Regier et ale (1969) and 

Hokanson (1977). 

A considerable amount of literature has been written 

concerning walleye summer depth preferences and factors 

affecting those preferences. Dendy (1945) found temperature 

to be more significant than light intensity in the depth dis

tribution of walleye. He found that as summer progressed and 

surface waters warmed, walleye distributed themselves in 

deeper waters, unless forced into warmer water by oxygen de

pletion. In contrast, Regier et ale (1969) stated that depth 

distribution in walleye was determined more by light intensity 

than by any other factor if dissolved oxygen was not limiting. 

The preferred summer depths of walleye in some of the recent 

telemetry studies agree quite closely. Fossum (1975) ob

served that the most common depth traveled by walleye ranged 

from 1.5 m to over 3.0 m, and Ager (1976) stated that during 

summer months, walleye were most often found in shallow 
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waters at the heads of tributary embayments. Kelso (1976) 

stated that walleye chose depths between 5 m and 10 m during 

late September and early October, and Bahr (1977) found that 

walleye had a preference for water depths of less than 5 m. 

Holt et ale (1977) found that walleye remained chiefly within 

the littoral zone above the 5 m contour level. Additionally, 

they stated that turbidity fluctuations appeared to have 

little influence on the depth distribution of walleye. In 

agreement with the previous walleye telemetry studies, five 

walleye studied here were distributed at relatively shallow 

depths (2-6 m) during the summer period. These fish were 

observed at deeper depths both in the spring and again in 

late fall. They did not appear to specifically select the 

depths and temperatures at which they were observed. Rather 

it seems that the distribution of rooted aquatic vegetation, 

which the fish selected to occupy, dictated the observed 

depths and temperatures. 

Eschmeyer (1950) reported that walleye show a strong 

negative phototropism. Ager (1976) indicated that light 

penetration was a significant factor governing both the depth 

and temperature selection of walleye. In contrast, Holt et 

ale (1977) stated that test fish did not show as strong a 

negative phototropism as reported by Eschmeyer (1950). Re

sults from the present study indicate that light intensities 

played an important role in walleye behavior as fish were 

generally passive in beds of aquatic vegetation during the 
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daytime period and were most active in shallower and unshaded 

waters during periods of diminished light intensities. This 

agrees with Ryder (1977) who suggested that diel light regimes 

govern much of the walleye metabolic activity. 

Ryder (1977) noted that walleye can reduce the light 

intensities that reach them by 1) swimming to deeper water, 

2) swimming to a more turbid portion of the lake, and 3) re

maining in shallow water and utilizing shelter such as boul

ders or weed beds. Since establishment of a discrete activity 

center reduces movement, the option of moving to a more turbid 

portion of the lake was not observed in the present study. 

However, both movement to deeper waters and shelter in shallow 

waters occurred. The increased depth with increasing light 

intensities (Fig. 15) among Okoboji walleye was smaller (.12 

m/hr) for shallow water fish than for the deep water fish 

(.33 m/hr). It appears that shallow water fish utilized the 

rooted aquatic vegetation to reduce light intensities. This 

behavior would keep fish from moving into deeper waters as 

abundant aquatic vegetation occurred at the 2-6 m depths. 

The deep water fish apparently depended upon the water column 

to reduce light intensities and as such, made larger vertical 

movements in the deeper water. 

Although only one fish selected deep water, the selection 

of two different depth regimes during the same time period 

raises a number of behavioral questions. It is possible that 

1) a shallow water and a deep water group of walleye exist in 
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West Lake Okoboji, 2) walleye are highly individualistic, with 

some selecting deep water to reduce light intensities and 

others selecting shade in shallow waters, 3) some walleye are 

more sensitive to higher water temperatures and select the 

deeper, cooler waters, 4) the presence of a transmitter 

changed the normal behavior of the fish. 

Vegetation and substrate 

The rooted aquatic vegetation within the activity cen

ters was an important habitat feature. It provided the fish 

with cover, resting areas, and food. 

The distribution of fish locations in relation to lake 

morphometry also indicates the importance of the aquatic vege

tation. Where the lake bottom slopes downward rapidly and 

the band of vegetation is narrow, the fish locations were 

also concentrated in a narrow band. Where the lake bottom 

slopes gently and the aquatic vegetation grows in a wide 

band, fish locations were much more scattered. Fig. 2 and 3 

provide examples. 

An interesting aspect of aquatic macrophyte growth be

came apparent as the summer progressed. The lower leaves and 

branches died, presumably as a result of shading by new growth 

as well as by accumulations of marl deposits. As the dead 

leaves and branches fell from the main stem, a space of up to 

.6 m (2 ft) was created between the substrate and the lower

most living branches of the plant. This resulted in a habitat 

comparable to a canopied forest where fish can rest or move 
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about freely in the open spaces and still be protected from 

light intensities. 

Since the littoral zone is largely determined by water 

clarity, it is probable that in more turbid lakes with shal

lower growths of aquatic vegetation, walleye may be found at 

shalloWer depths and vice versa, other factors not limiting. 

Creel surveys indicate that the walleye catch in West 

Lake Okoboji generally decreases as the summer progresses 

(Christianson, 1978). It is possible that an inverse rela

tionship exists between aquatic vegetation growth and walleye 

catch. As aquatic vegetation becomes more dense, lures and 

baits become entangled and are less visible resulting in de

creased catch rates. 

Okoboji walleye tended to select hard substrate such as 

sand, gravel, marl, rubble, rock reefs, and boulders. This 

agrees with the findings of Eschmeyer (1950), Regier et ale 

(1969), Rose (1969) and Marshall (1977). 

Regier et ale (1969), Dendy (1945), and Ager (1976) 

indicated that walleye are closely associated with the sub

strate. The results from the present study agree with those 

investigators, insofar as depth recorder images suggested that 

walleye preferred to stay on or within a meter of the bottom. 

The results of the present study indicate the importance 

of the hard bottomed littoral zone in walleye behavior, habi

tat selection, and movement in West Lake Okoboji. Establish

ment of an activity center within and including dense growths 
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of aquatic vegetation provides walleye with cover, food, 

travel lanes at the edges, sufficient oxygen, and a tempera

ture regime within their tolerance range. 

Schooling Behavior 

According to Harlan and Speaker (1969) and Ryder (1977), 

walleye associate in loose aggregates or schools. In contrast 

Bahr (1977) noted that there appea~ed to be no schooling or 

congregative behavior of telemetered walleye. Holt et al. 

(1977) did not record schooling, but indicated that on several 

occasions tagged fish were seen swimming with unmarked wall

eye. Fish in the present study appeared to be alone when 

occupying their summertime activity centers. Although the 

activity centers of fish 55, 66, and 88 overlapped as did 

those of 00 and 77, and the fish were at times found in close 

proximity to each other, no unified movements were observed. 

Additionally, of the numerous times that tagged fish were 

recorded on the depth grapher, only rarely were additional 

large fish also noted. An exception to this was the deep 

water fish (99). On a number of occasions, up to eight other 

fish, presumably walleye, were seen in close association with 

it. This suggests that schooling may occur in deeper waters 

and that schooling behavior may be partially by sight, as 

fish in dense weed growth would quickly lose contact with each 

other. 

In late October, fish 55, 66 and 88 were close together 
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in deeper water indicating schooling behavior. In late 

December and early January, fish 00 and 77 were also in deeper 

waters and close together. It is possible that schooling 

among Okoboji walleye occurs only in deeper waters during both 

the summer and winter periods. 

Other Environmental Parameters 

Fishermen generally believe that increased fish catches 

occur with changing barometric pressures, weather changes, 

and solunar periods. A number of fisheries investigations 

have tried to correlate fish activity with changing environ

mental parameters. 

Sieh and Parsons (1950) found no correlation between 

fish activity and barometric changes, wind, sky cover and 

solunar periods. On the basis of increased gill net catches, 

Carlander and Cleary (1949), found increased movement at the 

start of rainstorms. However Ager (1976), noted sharp de

creases in walleye activity during thunderstorms. Holt et ale 

(1977) stated that presence of overcast skies and precipi

tation coincided with extensive movements of tagged fish, 

particularly during the spring and fall seasons. Additionall~ 

transmittered fish exhibited a tendency to move in the same 

direction as the wind, especially when strong winds traveled 

parallel with the long axis of the lake. Bahr (1977) noted 

that increasing water levels during spring run-off did not 

affect walleye behavior. In the present study, correlations 



80 

between fish movement and barometric changes, wind, sky cover, 

and water transparencies failed to produce any statistically 

significant relationships, although some trends were apparent. 

For example, increased barometric pressures tended to reduce 

movement and increase fish depth. The failure to find sta

tistical significance in this trend may be due to small sam

ple sizes, or perhaps the relationship is too complex to be 

revealed by my measurements and analyses. Statistical analysis 

indicated that walleye are individualistic, as much of the 

variability in the analysis was due to fish differences and 

not the tested parameters. 

Late Fall and Winter Movements 

Ager (1976) found that walleye occupied the deeper 

channel areas of major tributaries in Center Hill Reservoir, 

Tennessee during fall and winter months. My findings agree 

with the results of the Ager (1976) study in that fish were 

located in deeper water during fall and winter months. 

Additionally, Okoboji walleye had moved considerable distances 

from their summer activity centers and were close together, 

indicating schooling behavior. The nomadic movements observed 

here during early spring and fall indicate that the entire 

lake may be utilized during a one year period. Although not 

documented, it is possible, in the light of these nomadic 

excursions, that movement in and out of adjoining water bodies 

occurs. 
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Transmitter Performance 

Fossum (1975), Bahr (1977), and Morris (1977) all indi

cate that short battery life was one of the disadvantages of 

ultrasonic transmitters when compared to radio transmitters. 

I encountered no such problems, as four of the six ultrasonic 

transmitters that were accounted for lasted in excess of one 

year, much longer than a number of the documented radio 

transmitter longevities. 

The ultrasonic transmitters used in the present study 

have performed to manufacturer's specifications, with a 

longevity that would enable movement and behavior studies to 

encompass the time period from one spawning season to the 

next. As such, these ultrasonic transmitters have the 

capacity for long term behavioral studies on walleye as well 

as many ·other fish species. 
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