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The use of miniature radio transmitters and directional receivers to study 

the movements of animals under natural conditions has become a reality during 

the past few years. Application of this technique to ecological investigations 

has far-reaching implications to the entire field of biology. A wide range of 

problems involving the locating of specific individual animals will undoubtably 

be attacked by using radio tracking and other bio-telemetry equipment. The 

research efforts in bio-telemetry at the Minnesota Museum of Natural History 

have been directed in part to determining the potential of electronic devices 

for obtaining ecological data. 

This paper reports on the successes and failures of attempting to use the 

same basic radio tracking equipment for studying movements of deer, ducks and 

toads; species with widely differing patterns of motile behavior. 

Deer studies were conducted in cooperation with the Minnesota Division of 

Game and Fish and were part of a long-range ecological study of the motile 

responses of animals to certain physical and biological factors of the environ-

ment, supported by the Louis w. and Maud Hill Family Foundation. The basic 

tracking system was developed as a part of this project. A pilot study on the 

use of radio tracking to follow duck movements, conducted in part by David L. 

Strohmeyer, was supported during the summer of 1963 by National Science Founda-

tion Grant No. G 16830 through the Lake Itasca Biology Session. The investiga-

tions of movements of toads are part of an intensive project on toad ecology 

-- supported by the u.s. Atomic Energy Commission, Project AT (ll-l) 899. 
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METHODS 

The radio transmitters used in all aspects of this project were similar 

to that described by Cochran and Lord (1963). Modifications were made in the 

design of the transmitters for each of the three species to allow for differences 

in the methods of attaching the units to the animals. A Museum of Natural History 

Model D-11 Portable Directional Receiver (Cochran and Nelson, 1963) was used for 

all of the field testing and tracking~ This is a 6-transistor superhetrodyne 

utilizing a regenerative intermediate frequency detector at s.o megacycles. 

Marked animals were located by triangulation. Two bearings were obtained 

from sites located·a suitable distance apart each time an individual was located: 

A time lapse of several minutes occured between the taking of the bearings 

because we had to move from one check point to the next. This time lag did not 

appear to cause any significant errors in the movement data for deer or toads 

since the marked animals generally did not move long distances nor at a rapid 

rate. Ducks on a nest were readily positioned in the same manner, If one can 

accept the time lag between bearings the entire tracking operation can be carried 

out by one person in the field, 

DUCK TRACKING 

The method of attaching radio transmitters to geese, as described by Cochran 

~~· (1963) 1 appeared to be satisfactory and we thought that the same technique 

could be used tc attach transmitters to smaller waterfowl, We proposed to study 

the biological aspects of renesting in the Mallard (~ platyrhyncos) and 

designed the transmitters and harness for this species. We were not able to 

locate a sufficient number of nesting Mallard hens during the 1963 field season 

and consequently decided to carry out the renesting studies on Blue-winged Teal 

.~ (~ discors), Four hens were trapped and equipped with transmitters which were 

held in place on the breast of the duck by plastic neck and body loops. The 
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·~ former could be adjusted but the body loop could not be altered in size because 

it contained the transmitter antenna. Since the attachment harness was designed 

for Mallards, a species considerably larger than Blue-winged Teal• the plastic 

loops proved to be too loose. Even though the neck loops were tightened• the 

ducks were still able to slip out of the harness. One hen "lost" two transmitters 

and may have slipped out of a third during the study. 

A new harness is being designed at the present time which consists of 

adjustable body and neck loops and a fixed antenna separate from the harness. 

The adjustable loops will permit the transmitters to be attached to birds of 

different sizes. 

The flight and behavior patterns of marked hens were observed and the 

physical effects of the transmitter on the hen were evaluated by recapturing 

individuals that had "lost" their radios. These studies were conducted on the 

Waubun Prairie Research Area in Mahmomen County, Minnesota. All four marked 

ducks were able to fly without any apparent difficulty in spite of the oversize 

harness. The three hens which were nesting when trapped returned to their nests 

after being equipped with transmitters. The Blue-winged Teal tagged with three 

different transmitters returned to her nest after each disturbance. These find

ings indicate that the procedure of trapping and attaching the transmitter did 

not decrease nest fidelity. In general it appears that the procedures described 

above do not interfere with normal duck activity or behavior. 

The range of this transmitter in the field was between .so and ,75 miles 

with the portable receiver. This distance could be approximately doubled by 

using a temporary directional antenna raised on a pole 20 feet above the ground. 

Accuracy of the system is adequate for the proposed investigation. 

DEER TRACKING 

A complete report on our preliminary studies of White-tailed Deer (Odocoileus 
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virginianus) is in press (Tester, ~~·• 1964). A brief summary of this study 

is given here. 

Construction details and a circuit diagram of a new pulsing signal trans

mitter are given. A D-ll Receiver was used to monitor movements. All field 

tests were conducted at the Carlos Avery Game Research Center near Minneapolis. 

Transmitters were slipped over the heads of two penned does and one fawn and the 

movements of these deer after release were recorded for a 10-day test period 

in December, 1962 and again on February s, 1963. During the test _period one 

doe moved about within an area slightly smaller than 1 square mile while the 

other two deer remained in the vicinity of the pen where they had been held in 

captivity. 

From the standpoint of the biology of White-tailed Deer it would have been 

desirable to capture and mark wild individuals. However, the release of pen

raised deer provided certain advantages in evaluating the tracking system. For 

example, we could walk to within approximately 100 yards of these animals after 

they had been released into a natural habitat. This enabled us to determine the 

exact position of the radio-tagged animal in the field as a check on our remote 

determination of its location. In addition we anticipated and found that these 

pen-raised deer remained in the vicinity of the research station where they had 

been held in captivity, 

Figure 1 shows the radio transmitter collar on a doe just_ prior to release, 

The doe has been tranquilized with nicotine and color-marked with flourescent 

paint, The color marking was done to facilitate observation of the radio-tagged 

deer in the field for the first few days following release. The paint wore off 

rapidly and after four days was barely visible. 

~ TOAD TRACKING 

The primary objective of toad tracking was to locate hibernation sites by 
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following marked individuals in late summer. Tests were conducted with the 

American Toad (~ americanus) in Itasca State Park in northwestern Minnesota 

and at the Cedar Creek Natural History Area near Minneapolis. 

The transmitter was built on the same basic· circuit as was used for the 

deer and duck transmitters. We also used the same receiving equipment and 

tracking technique described above. The radio and its antenna are shown in the 

upper-left in Figure 2. This transmitter and battery combination weighed 5.5 

grams and the entire package carried by the animal weighed approximately 7.0 

grams. This w~ight was not excessive for large toads which weighed 45 grams or 

more. However, the weight did appear to interfere with the movements of smaller 

toads. 

One of the most difficult aspects of this study was to attach the trans

mitter to the animal. The basic part of the attachment harness was the Y-shaped 

piece of cloth shown on the right in Figure 2. The first step was to attach 

loops of plastic-covered wire around the neck of the animal and behind the front 

legs. These were held in place by twisting the ends together and then fusing 

the plastic coating with heat from a match. The two loops were then tied 

together with thread on the ventral side. Next. the transmitter was stitched on 

to the cloth "Y" with the antenna in a horizontal position around the trans

mitter package. The front end of the harness was stitched to the two wire loops 

on the dorsal side and one leg was placed through each of the holes in the har

ness. The arms of the "Y" were then looped around the two wire loops on the 

ventral side and stitched in place. Figure 3 shows the radio transmitter on a 

large toad prior to release. 

Six toads were instrumented at the University of Minnesota Biology Session 

at Itasca State Park during July. 1963 in a study designed to test the feasibil~. 

ity of this technique for following movements in a forest habitat. Several of 
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these individuals were tracked for 15 days and others for shorter periods of 

time. Positions of the individual toads were determined three to four times 

each 24 hours. The ,longest observed movement between checks was 120 feet. 

In September 1 1963 at approximately the time that the toads would begin 

hibernating, we equipped six individuals with transmitters at the Cedar Creek 

Natural History Area. These toads were followed for periods of time ranging 

from two to nine days. Positions were determined four times daily and the 

maximum movement between checks was 95 feet. None of the marked animals began 

hibernating during this period and we suspected that the transmitters might 

have been so heavy that they were disturbing the normal behavior. For this 

' reason the experiment was terminated. Efforts are now being made to design 

lighter transmitters for use next year. 

Life expectancy of this transmitter varied from 10 to 30 days depending 

upon the signal output. Battery replacement was simple but was not required· 

during these tests. The operating range was approximately 250 feet with the 

D-11 Receiver. These characteristics appear to be adequate for the biological 

objectives of this project. 

CONCLUSION 

These investigations have shown that it is possible to use the basic radio 

tracking system developed at the Minnesota Museum of Natural History for many 

different species of animals by modifying the packaging of the transmitter and 

methods of attachment. The findings reported here emphasize that this technique 

of locating animals and determining animal movements can be used to provide data 

for a wide variety of biological problems. The investigator must, at this stage 

of the development of the art of radio tracking, be very specific in stating his 

biological objectives and then must be ready to take advantage of this new 

------ -----
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technology wherever it is applicable, 

The mechanics and gadgetry of bio-telemetry are no longer unique to field 

biology. The present challenge is to use this technique to answer biological 

questions. 
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Figure 1. Radio transmitter collar on a tranquilized doe White-tailed 
Deer prior to release. Flourescent paint color marks on shoulders 
and flanks appear as dark areas in the photo. 

Figure 2. Radio transmitter and components of attachment harness for 
toads. See text for explanation. 
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Figure 3. Radio transmitter on a toad prior to release. 




