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SUMMARY

The general objectives of the work done under NASA Research
Grant. NGR 27-002-006 were to improve existing ground radiolocation
equipment for use in conjuction with satellite animal tracking exper-
ments, and to investigate various approaches to sensing and tele-
metering physiological data from instrumented animals, The goal of
this work is to develop a strong technology and experience base for
future NASA experiments involving the use of satelilites in wildlife
research programs,

Considerable progress has been made towsrd these objectives
during the contract pericd. The radiolocation system developed by
the investigators for use on elk and grizzly bear was used in the IRIS
elk tracking experiment conducted during the spring and sumer of 1970,
and valuwable experience was gained in inteprating this equipment with
the IRLS collar and in usang at to locate the elk both on the ground
and from the air to check satellite location data. Techniques were
tested for interrogating the IRLS collsr from an arrcraft which may
prove useful in fubture programs as a supplement to satellite interrog-
ations or in helping to locate an animel with a malfunctioning collar,
An improved directional antenna and location technique were developed
which faeilitate location of instrumented animals by aireraft.

Physiological instrumentation work was darected toward exper-
iments with black bears in their winter dens., This approach allows

ocur efforts to be concentrated on equipment and instrumentation



techniques without requiring the expenditure of & large mumber of
man-hours locating and following instrumented animals. At the same
tame it is providing useful information on a little-studied aspect
of the life history of wild bears.

Details of various aspects of the work completed during the

contract period are discussed in the following sections.

INTEGRATION OF GROUND TRACKING TRANSMITTER WITH IRLS ELK COLIAR

A ground tracking transmtber was used with the IRLS elk
collar to permit precise location of the amimml by observers when
desired. Information on movements was obtained in this way for
comparison with satellite location data. It also served as a backup
method of locating the animal to recover the satellite instrument
package in case of an equipment fellure. A brief descraption of
the ground tracking system 1s given in Appendix A, and a summary of
the IRLS elk tracking experiment in appendix B.

Ground tracking systems will be desirable supplements to
satellite location equipment for the immediate future 2f animal
position errors on the order of a mile or less are necessary or if
viswal observations of the animal are desired, and will be useful
in the field phases of future satellite equipment development programs.
Accordingly, the methods used to integrate the ground tracking trans-

mtter with the IRLS elk collar should be of interest.



Collar for 1970 IRLS Elk Tracking Experiment

In the first tracking experiment the IRLS collar, fabri-
cated by Radiation, Inc., was made of fiberglass. The ground
tracking transmitter loop antenns wes wrapped around the outside
of the collar near the front edge. This technique provided satis-
factory radietion,,although cables for the 400 MHz antenna and
light sensors running perallel to the 32 MHz antenna caused Sone
losses because of induced currents. Considerable improvement an
radiated signal strength from the anitial configuration was observed

when a grounding strap was connected from the 400 MHz antenns -
support structure to the frame of one solar cell panel. The
position of the strap for maximum radiation was experimentally
determined and it was permonently attached to the collar before

placement on the elk.

Mockup Collars for 1971 IRIS Elk Tracking Experiment

Two mock-up fiberglamss collars were constructed in March,
1971, in preparation for the planned second elk~tracking experiment.
These collars were fitbted with growmd-bracking transmtters to permit
easy location and recapture of the animals to be fitted with the
redesigned IRLS collar. FPhotographs of the collar are shown in
figure 1, The location and attachment of the transmitter and

antenns are similar to that used in the Radiation collar, An



Figure 1:

Mock=-up elk collar before
final fiberglass coating
was applied, showing place-
ment of ground tracking
transmitter and antenna.

The collars were weighted
to match the GSFC redesigned
collar.




amproved method of installing the collar was devadsed; this con-
sisted of fabricating it in two halves comnected with hinges
secured by cotter pins. Removal of four pins allowed the collar
halves to be separated and placed on the amamal, after which the
ping vere reinserted, The electrical connections of the tumed
loop antenne were part of this arrangement, eliminating the need
for separate screvw connections as 1n the Radiation collar and

reducang the anstallation time required.

Collar for 1971 IRLS Elk Tracking Experiment

The reduced-weight IRLIS collar designed at GSFC for the-
sepond elk-tracking experiment was constructed of metal rather
than fiberglass, so it was necessary to devise & different antenna
arrangement than wes used in the earlier collars.

A daagram of the GSFC collar design is shown in figure 2.
It consists of & sealed aluminum box containing batteries and
electronics, attached to the elk's neck by an inverted U-shaped
aluminum tube framework. The tube framework i1s insulated from the
electronics box by bakelite spacers to prevent the collar assembly
Trom acting like a shorted-turn loop and reducing radiation from
the ground tracking locp antenna. The ground tracking equapment
was to be installed in the collar at the University of Montans
Jjust prior to placing the instrument package on the elk.

The method developed for installing the ground tracking



transmitter on the red#¢signed collsr 1s shown in faigure 3. Rather
than placing a separate lcop around the periphery of the collar,
1t was decided to use the collar structure i1tself as the antenna.
One of the bakelite insulating blocks 1s replaced with a metal
block, and loading capacity is added across +the other insuwlating
block to rescnate the structure at 32 Mz, The transmtber is
mounted on one side of the electronics package as shown in the
diagram and the comnection between the transmitber output and the
collar structure 1s made through & 6-inch coaxial cable spaced
about 1 inch from the frame with & bakelite standoff. This con-
nection serves ag an inductive tap or gamms mateh, and its length
18 adjusted to provide the correct i1mpedance matching between the
transmitter and the antenna formed by the collar. This technique
has been used in the ground tracking transmiters used on bear
and elk wrth good results.

Breadhoard tests of thas approach showed that the inductance
of the collar strucbure 1s a function of both surface ares and
diameter, so that the smount of loading eapacity necessary to
resconate the structure 18 best defermined experimentally on the
final collsr. Since the second experiment scheduled for April
1971 was cancelled before the collar was shapped to the University
of Montana, there has not been an opporbtunity to make the trans-
mtter installation and measure the radiation properties of thuis
antenna, This could be done in the "future if it appears that the
instrument package will be used for any kind of animel tracking
experiments.



ALUMINUM TUBE FRAME

BARKELTITE
INSULATING
BLOCKS

ELECTRONICS
PACKAGE

Figure 2: Construction of GSFC elk collar

RF CONNECTION
TO FRAME
i (GAMMA MATCH)

BAKELITE
STANDQFF-. TUNING CAPACITOR
ASSEMBLY
32MHz 7
TRANSMITTER

Figure 3: Attachment of ground tracking transmitter
to collar



LOCATION OF IRILS-INSTRUMENTED ELK FROM AIRCRAFT

As part of the support activitlies for the first TRLIS
elk=tracking experiment, procedures were worked out for interro=-
gating the collar from an aircraft after satellite contect had
been lost. Although no responses were received from the collar
duraing flights in Auvgust and September, 1970, because 1t was
incperative (later examination of the recovered collar showed
that one tamer had stopped), the equipment and procedures used
are described below since they could be used in fubure experiments
a8 an alternative means of locating instrumented animels or instru-
ment packages. With appropriaste modaifications in the receiving
equapment, range and telemetry data could also be collected and

stored by arrcraft as well as by the satellate,

Equipment
A block diagram and photograph of the equipment used in

the aircraft are shown in figures 4 and 5. The 466 MHz FM trans-
mtter, diplexer, and L40l,5 Miz receiver are NASA engineering models
of the equipment abcard the Nimbus satellites, A BIP test set
provides transmitter modulatzion and digaitael processing of the
receiver outputs It generates the desired address code for plat-
form interrogation, recognizes a platform response, and dispilsys

a panel light when & platform response 18 recerved. An interface

control box provided power connections, on/off control of the
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transmitter, and & video data draving carcwat for the transmitter.

Power for the BIP test set was furnashed by a Heabthkit
MP-10 DC/AC inverter which was powered by a Sonotone BB-429/U
6 volt nickel-cadmium battery. A separate battery was used to
prevent possible converter interference with transmiiter or
recelver operation. Power for the transmitter and receiver was
provided by four 6 volt BB-429/U batteries connected in series.

A power control box contained meters for battery voltage and current
along with an on/off switch.

Provision was made for operation with either of two
antennas. A guarter wave whip antenns with a helf wave dismeter
ground plane was used for ommidirectional coverage. A log=periodic
backward wave antenna (Prodelin 46-570) was used for directaon
finding. This antenna gives a 60° by 106° pattern with 6 dB gain,
and input VSWR below 1.5 over the frequency range between 400 and
470 MHz., The antennas were connected to the transmtter diplexer
by 12 foot RG=58 cables with approxamately 1 dB transmission loss.

The receiver video waveform was monitored with a Tekbtronix
321A portable oscilloscope. Thas permitbed detection of signals

below the BIP test set phase lock threshold.

Range Tests
To test the range and operation of the equupment, 1t was

taken by sutomobile to the Blue Mowmtain lookoub near Missoula

and used t0 interrogate an IRLS platform on the roof of the Health
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Seience bullding on the University campus (shown in figure 6).
Tests were made at varlious ranges enroute,

A circularly-polarized £in antenna developed by GSFC for
possible use on the elk collar was used on the rooftop station,
The direction of arrival of the signal from the portable equipment
was nearly 90° from the antenns north-soubh axis and at elevation
angles between 0° and 5°% The fin antenna gain is relatively low
in this direction and should be simlar to that of the elk collar
antenna in the inverted position (as was the case with the collar
vwhen Monigue was last seen).

A GO indrcation (BIP test set phase lock) was obtained
with both the whip and backward wave antennas at ranges of 2.5
and 5.5 miles. At 10 miles the signal was too weak to give a GO
light on the test set but was clearly visible on the receiver
video outpubt. The rooftop platform was turned on by the rnterrog~
ation signal and the received video signal from the plstform could
be seen for about 1 second after turnoff of the portahle transmitter,
The usable range of the system was accordingly judged to be at
least 10 miles.

The direction of arrival of the platform response could be
determined by turning the log-periocdic antenna while observing the
video waveform on the oscilloscope; signal noise increased as the

antenna was moved away from the direction of the platform.
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IRLS platform used for range
tests, The fin antenna is
mounted on a tripod, with
batteries and platform elec-
tronics in styrofoam boxes.
Interrogations were made
from Blue Mountain in the

background.

Figure T:

Log periodic antenna (left) and omnidirectional
antenna (right) attached to aircraft wing
strut for search flights
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Flight Search Methods

For the search flights made in the vicinaty of the mtional
El1k Refuge, both the whip and directionnl backward wave antenna
were attached to the right-hand wang strut of a Cessna 206, with
the directional antenne pointed about 30° below horizontal and 30°
to the right of the line of flight. The vhap antenna was vertical.
The directional antenna was used for nearly all interrogations
because of ite reascnably broad pettern and hagher gean. The
antenna arrangement i1s shown in figure 7.

Congaderable ground ares could be searched in a short
time with this technique. Using conservative system range
estamates of 5 miles for a GO indication on the BIP test set and
10 miles for & scope indication, the area shown in figure 8 was
covered during & 40 minute flight at an altatude of 5000 feet above
ground level., BHad the collar been operating, a response would
have been received 1f the animal was wirthin the cross-hatched
area (about 650 square mles).

Aireraft flights would be & valuable supplement to satell-
1te interrogations if at were desirable to cbtein locations or dats
in the period between satellite overpasses, In &ddition, a damaged
but still operative collar could be located in this wey; the RF
path loss between the Nimbus satellite and the earth's surface 1s
about 144 dB, while 1t 1s only 87 dB from an sircraft at an altitude

of 5000 ft, The 57 dB increase in link mergin with the sireraft
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would permlt location of & collar with a badly damaged antenna

or transmitter that could no longer be reached by the satellite,
DIRECTIONAL ANTENNA FOR ANIMAL LOCATION FROM AIRCRAFT

One of the proposed research cbjectives was to investigate
improved directional antennss for use on small sircraft to locate
instrumented aninmrls. A homing~type santenna was developed and
tested with excellent results: it 1s expected to be very useful
in locating animale ecarrying radio collars.

In the IRLS elk tracking experiment, an aircraft was used
to locate the animal when she had moved a long distance from the
last observed position. The signal from the 32 MHz ground tracking
transmitter was picked up wath an 11" diameter tuned loop antenna
attached to the wing strut of the plane (uswally a Cessna 150).
Although saignals could be received from the collar under favorable
conditions at ranges up to 20 miles at altitudes between 1000 and
3000 feet above ground level, the relatively low gain of the antenns
15 a disadvantage at times. A second disadvantage 25 the necessity
of turning the aircraft in order to use the loop nulls and maxima
to determine the directional of signal,

As the second satellite elk tracking experament planned
for the summer of 1971 was cancelled, we decided to test an im-
proved antenna concept by designing a system for operation at 150

MHz rather 32 MHz. This allowed us to take advantage of a study
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elready in progress at the University of Montana in which seven
elk have been instrumented with radio collars. In this way, the
performence of the antenna could be tested by acturl field use
and its effectiveness in locating animmsls under various conditions

and in different types of terrain could be evaluated.

Antenpa Description and Construction

The antenna system developed is similar to one that has
been used for aireraft homing applications in the past, simplified
and adapted for use with pulsed signris. It is a two-element
driven array consisting of two l/h-wavelength grounded whip antennas
spaced 1/b wavelength apart attached to the underside of the air=-
eraft fuselage. A 1/ wavelength delay line in series with one of
the antennas causes a 900 phase 8hift in one signal before it 1s
combined with the signal from the other antenna. The result is
a cardiord-shaped pattern with a null on one side and a maximam on
the other. A diagram of the pattern is shown in figure G, A
switch is erranged so that the delay line can be connected to
one antenna or the other, which reverses the direction of maximm
sensltivity, With the antennas mounted side by side on the air-
craft, the patterns shown in figure 10 are obtained.

The anbtenna mounting and switch connections are shown in
fagure 11. The antenna length and spacang for the 150 MHz operating

frequency is 50 cm {19.5 inches)., It can be adapted for use at
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other frequencies by appropriate scaling of the antenna dimensions
and spacing. Mounting the antennas under the belly of the air-
craft, as shown in figure 12, would be suitable for frequencies
around 100 MHz or higher. For lower freguency systems such as
the 32 MHz system used in the IRLS elk tracking experament, induc-
tively-loaded whips mounted on the wing struts would probably be
the best configuration,

The antennas can be mounted on brackets for temporary
attachment to various aircraft, as shown in figure 13, This is
preferable to permanent mounting i1f rented aireraft are being used,
or 1f tracking operations are conducted from different aireraft
from time to time,

Photographs of the switch box are shown in figures 1L and
15. A nminiature DPFDT toggle switch 15 wired as a reversing switch
to connect the delay lane in either the raght or left antenna path.
The delay line consists of 36 em (1% in) of RG=-17h/U miniature 50
ohm coaxial cable coiled inside the box., As an the case of the
antennas, the delay line length would be changed if a different
operating frequency was desired or 1f a cable with a different

velocity factor were used,

Performance tests

Performance measurements on the aircraft under actual

operating conditions were not feasible, but patiterns measured with
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NOT REPRODUCIBLE

Figure 12: Antenna system installed in the landing
gear access holes of a Cessna 185

20

Figure 13:

Antennas mounted on brackets
to permit external attachment
to the landing gear of a
Cessna 182, The antennas
mey be bent slightly as

shown to provide sufficient
ground clearance when mount=-
ed without major effect on
the antenna pattern.
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the observer when tracking an animal,
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1/% wavelength delay line and coaxial cable connections
between BNC receptacles and switch.
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the antennas mounted on a 3 x 5 foot ground plane to simuilate

the aircraft skin are shown in figure 16. Reasonably good symmetry
was obtained, with equal signal crossover points between right and
left patterns occurring within a few degrees of the 0° and 180°

axes. The patbern null in each case was 12 dB below the meximum,

The slight rotation of the pattern maximums and nulls from the 0°,

and 900, 180°, and 270° axes was probably caused by signal reflections
from a nearby fence during the test and not present when the antennas

‘wre mounted on the aircraft.

Use and Results

In use, the antenna switch is moved from one positien
to the other and the receaved signal strength in each position is
noted, exther by volume or by use of the receiver signal strength
meter, In this way it can be guickly determoned aif the animal as
to the right or the left of the aireraft line of flight. The
aircraft can then be turned in the indlcated direction until the
signal levels are equal in both switch positions, indicating that
the instrumented animal i1s on the line of flight, and flown directly
to the animal's location. A pattern null exists directly underneath
the antenna whach causes a momentary reduction in signal level when
the aircraft passes over the amimal, After this oceours, the air-
craft can then circle, with the antenne pettern being switched from
side to side as necessery, while a visual search is made for the

animl,

22
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The antenns system has been in use for two months and has
proved to be very satisfactory for locating instrumented elk in all
kinds of terrain. It 15 particularly effective an rough or moune-
tainous country where multipath and shielding effects cause large-
variations in signel strength. With the fixed loop or yagi antennas
used previously, changes in sigpal level from the directional
antenma as the aircraft was turned were obscured by multipath
varisntions as the aircraft flew by the animal, making accurate
locatlon very difficuli. With the electrically switched pattern,
the direction of maximum sensitivaty can be shifted instantaneously,
eliminating this problem. It is uswlly possible to locate all
seven instrumented elk, which are scattered over an area of about
140 square miles, to within 1/4 mile of their actual positzon in
a one Po two hour flight, Usually several animels are sighted
visuelly, with as many as 6 of the 7 having been seen during a
flight,

BIACK BEAR HIBERRATION STUDIES

Tenative plans have been made to do further studies of
Plack bear haibernation mechsanisms and behavior during the winters
of 1971~T72 and 1972-73, using either the Nimbus I IRLS or ERTS-S
Data Collection Systems. The genersl procedure wall be samilar to
that used an the first experiment (described in appendix C), but

mmproved and edditional sensors and techniques wall be used to obtain
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more sophisticated informetion about the bear's condition and
behavior than previously. FPreparatory work that has been completed
for these experiments is described below, and includes preparations
for experimental surgical implants on a captive hibernating bear,

& survey of implantable physiological transmitters, preliminary
work on improved envirommental sensors, investigation of seversl
den sites, and a brief survey of data storage methods.

Our initial plans were to develop prototype receiving and
conversion equapment so that termperature and heart rate data could
be obtaingd from an implant in an elk ainstrumented with the
redesigned IRLS collar. However, in view of the advasability of
extensive pre-testing of the equipment and surgical techniques,
and the cancellgtion of the satellite tracking experiment scheduled
for this spring, the effort was shifted to preparstions for obtaining
the same data from the black bear. The equapment and procedures
will be gquite similar for exther case, and can easily be adapted
to fubture experiments involving tracking and telemetering physio-
logical date from free-roaming animsls by satellite.

A field experiment will be attempted during the winter of
1971~72 of the tests on the captive bear are completed in time
and approval 1s obtained from NASA to use the IRLS system. A
proposal has been submitted to NASA (applicability of the ERTS DCP
to Wildlife Research, 27-002-007) regarding use of the ERTS Data

Collection System for an experaiment during the winter of 1972-73.
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The use of satellite equipment for these experiments is
desirable but not essential., If such experiments do not fit an
with presently evolvang NASA plans regarding the use of satellites
in animl tracking and physiology research until a later date, they
w1ll be conducted with one-site telemetry and recording equipment.
In this way, the necessary development and testing of eguipment
and techniques can proceed in an orderly fashion preparatory to

their use in connection with satellite experiments.

Preparation for Experaments with Captive Bears

Temperature measurements obtained in the previocus dene
monyitoring exXperiment were from a rectally-inserted temperature-
sensitive transmitter. This method does not requare surgery on the
amiml, but provades less accurate dats than an implant since the
transmitter 1s subject to movement or expulsion., For heart rate
measurements, a surgical implant would help o aveid the electrode
attachment and movement problems that uswally occur with an exters'
nally-attached anstrument package.

If surgical zmplant techniques are used, 1t will be advisable
to test the implant procedure before attempting field surgery under
winter conditions on a hibernmating bear. We plan, therefore, to
conduct preparatory surgical experiments and equipment tests on a
eaptive bear at the University of Montans. We are presently investi-

gating the feasnbilaty of setting up mn artafieral den for these
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experiments 1n an unused cell block in a University-owned building

at Fort Missouls.

Survey of Implantable Physiological Transmtters

A survey was mde of implantable temperature and EXG
transmitters thet have been developed by various investigators and
private companies to determine whether ome of them would be suit-
able for use in our experiments.

Termperature~sensang transmtbers are comparatively simple
to construct, so a1t x1s probable thet we will build units at the
University of Montana rather than try to obtain them elsewhere.
This wall allow some fiexibilaty in choice of modulation methods
to insure compatibility with the EKG transmtier selected. If the
Franklin Institute transmitter 15 used (see discussion below) a
separste temperature wnit will not be necessary.

A summary of the characteristics of the ER: transmitiers
that were investaigated 1s given in Table 1. These include both
comercially-aveilable umits and non-commercial transmitters that
could be used by making suriable arrangements with the investigators
who developed them., Other nonecommercial transmitter designs that
have been reported in the literature (see references) were con-
si1dered less switable for various re2sons and are not included ain
Table 1.

The unit mede by Franklin Institute appears to be the best
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TABLE 1  EKG TRANSMITTER COMPARISON

Bttery Operating Weight

Manufacturer Model Frequency Modudation ¢ Pawer Type Tife {incl. bat }
Belnar
Laboratories M5 90-95 Miz FH ksou @ LAV RM 625 23 days 5 er
E&M
Instrument Col FM-1100-EP 88-108 M 250uA @ 2 &Y nE2(2) L days Bar
EKEG
Electronics Ltd, ¥egL £8-108 M 30t @ 5.6V rM312 (L) 12 hra 32 g
Bio-Sentry ™ 2ao
Telemetry Inc Voo 1100 215-360 FM/FM 3mh @ 8.4V nE12(6) 12 hrs 3 g

AMP 2100
American
Electronzes 3100T 88..108 M/ oA @ 1.3V RMA25 T days 20 g
Laboratories
Franqslin o8
Institute - ~108 PFM 1.5 yxs [
(Gooaran) (1} =
University 6 mos 7 &
of Iowa - 200-500KHz ™
(Folx) 2 yre Lo g
MSA, Ames 0.8m @2k v@® b5 trs®)
Hesearch Cember - 831081z FH/TH (3) RM312 (3) 2g
(Fryer) fous @ 1 WV 3 48 qays 3

Notes

(1) transmits both temperature and EXG dats

(2) continuous mode

{3) pulsed mode - reduced Fange



choice for our purposes at present. Tt transmits both EKF and
temperature information, is quite smell, and has long battery life.
The pulse frequency modulation technigue used 1s compatible with
low power receiving and recording equipment that would be neeessary

for long perlods of unattended operation at the den.

Improved Fovironmental Sensors

Improved instrumentation is being developed for the den to
ensble us to learn more about the mechanisms of hibernation and heat
conservation. In addition to the light and temperature measurements
made in the first experiment, sensors are being investigated that
would allow measwrement of relatave humdiby, thermml radiation,
thermal flux, and movements., Sensors for the humidity and thermal
parameters have been developed and are commercially available,
Development of interface carcuitry for these sensors is in progress.

Several possible methods of debtermining: the bear's movements
in or arowumd the den are being investigated. One will be seleched
for the experiment this winter after further study and, if necessary,
breadboard tests. The approsches under consideration include (1)
recording the strength of the signal recerved from the 1mplanted
tempereture or EKF transmitters, (2) a grid of temperature sensors
on the flcor of the den, (3) a sensitive seismic vibration detector
similar to those used by the mlitary as intrusion alarms, (4) a
wire loop placed on the den floor and excited with & 20 KHz signal

which shifts frequency slightly as movements of the bear's body
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cause inductive changes, or (5} a magnetic field sensing arrangement
which would respond to changes in position of a smell magnet attached
to the bear.

Den Loeation

Several reported black bear den locations near Libby and
Perme, Montana, were sxamined during January &nd February. The
location and conditzon of the dens were noted, Whlle the probable
method of selecting the den for an experiment this fall will be
to anstrument one or two bears with radio collars and follow them
until they hibernate, a1t will be useful to have several alternative
den sites in case any dafficuliies are encountered in locating the
anstrumented bears or in the event that they hibernate in very

1naccessible areas,

Data Storage Methods

To be of maximum use, physiological data should be collected
from instrumented aniwals at fairly short aintervals (ranging from
several times a minute to once an hour), If such date 15 to be
collected by satellite, either a synchronous orbat must be used to
permit real-time readout, or, in the case of polar orbit satellates
such as Nimbus or ERTS, some methods of date storage must be provaded
for the interval between interrogations.

A brief survey was conducted of various methods of data
storage that might be satisfactory for this application. These

included magnetic tape recording, core memories, and various
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semiconductor memories including bapolar transistor, MOS, comple-
mentary MOS, and Ovonie types.

At present 1t appears that CMOS semiconductor memories
would best meet our requirements, which include high-speed read-
out capeblliby, low power consumption, low to medium cost, and
moderate data capacity.

The logic degign of a data stormnge system will depend on the
satellite system with which it is intended to be used. Since
present plans inmvolving use of satellites in our experinments are
frirly tentative and in view of the large design effort that will
be required to breadboard a system, we have deferred further work
an this direction until NASA's amamal tracking program plans have
developed further, Study of CMOS memories will conbinue and
portions of & data storage system may be breadboarded to permst

evaluation of power consumption and performance characterastics,
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A TRACK:ING AND TELEMETRY SYSTEM FOR WILDLIFE RESEARCH

Joel R. Varney
Montana Cooperative Wildlife Research Unit

University of Montana
Missoula, Montana 59801

LOCATION SYSTEM

The following requirements were established for
the location system:

ABSTRACT

This paper describes radiolocation and telemetry
equipment developed for use in studies of elk

and grizzly bear during the past nine years. It
is representative of equipment presently being
used by many engaged in wildlife research. Most
of it is relatively simple and straightforward in
terms of the present state of the art in aero-
space telemetry, but illustrates some of the
special requirements and approaches used for
equipment of this type. Areas in which more
sophisticated techniques might prove useful are
pointed out, and the probable direction of future
development is discussed.

INTRODUCTION

The radiolocation system was initially developed
for use in a study of grizzly bear ecology in
Yellowstone National Park conducted by Dr. F.C.
Craighead Jr. and Dr. J.J.Craighead. It was
necessary to have some means of finding partic-
ular animals at will, day or night, whether the
bear was in the open or hidden in timber, so
that observations of behavior and movements
could be made. Attaching a small beacon trans-
mitter to the bear proved to be a practical
method of doing this. Once the basic location
system had been designed and was in field oper-
ation, it became apparent that it could easily
be upgraded to permit telemetry of environmental
and physiological information from the animal.
The equipment has also been used in studies of
other animals, including black bear and elk.

Range: 2 miles minimum

: 20 miles desirable
2 months minimum
1 year desirable
Transmitter weight: under 5 1bs

Trahsmitter life:

The system had to be simple to operate since it

would be used by field personnel without previous

experience in electronics, and mechanically
rugged.

A system using a low power CW transmitter and a
narrowband phase lock receiver was considered and
rejected on the basis of equipment complexity.
After some field experimentation with various
types of transmitters and receivers, the approach
shown in figure 1 was selected. It consists of

a 32 MHz transmitter emitting short 100 mW pulses
attached to the animal with a resonant loop
antenna collar, and tracked by an AM receiver
connected to one of a variety of directional
antennas.
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Figure 1: Radiolocation system
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In order to maximize transmitter range and life
while keeping battery weight to a minimum, a
pulsed signal was used. Battery drain was mini-
mized by using a low duty cycle and turning the
transmitter off between pulses. The peak power
of the pulse was adjusted to give the desired
range.

The operating frequency of the system was chosen
on the basis of ground propagation character-
istics, antenna size constraints, and available
frequency allocations. A low frequency was
desirable to reduce shielding effects in the
mountainous terrain in which the system would

be used, while a high frequency would result in
smaller and more manageable directional receiving
antennas. The 20 to 50 MHz region was chosen as
a good compromise, and permission was obtained

from the Department of the Interior to use 32 MHz.

Transmitter Design

A circuit diagram of the basic beacon transmitter
is shown in figure 2. The oscillator stage Q3 is
turned on for 50 ms at 1 second intervals by the
astable multivibrator formed by Q1 and Q2. The
power amplifier Q4 is a class C stage and draws
no current when the oscillator is off, so power
consumption is very low between pulses. The
transmitter duty cycle is 5%, resulting in an
increase of near'y 20 compared to CW operation.

The transmitter will operate for 3 months with a
0.9 1b mercury battery pack. In situations .
where a longer life is desirable, an additional
multivibrator circuit is used to apply DC power
to Q1 and Q2 for 10 seconds at 30 second inter-
vals. The result is a series of 10 pulses 1
second apart each 30 seconds, and extends the
transmitter life to 9 months.

The construction of the transmitter is shown in
figure 3. A cordwood approach with urethane =
foam encapsulation was used. The multivibrator
was fabricated separately to simplify testing

and permit installation of a keyer with a desired
pulse rate in each transmitter, since the pulse
rate is used to identify individual animals.

The transmitter collar assembly is shown in fig-
ure 4. The transmitter circuitry is sealed in a
1 x 1 x 2 inch metal can and attached to a brass
strap which acts both as a collar and a loop
antenna. The loop is resonated at the operating
frequency by a tuning capacitor diametrically
opposite the transmitter. Impedance matching
between transmitter and antenna is provided by
an inductive tap 3 inches away from the trans-
mitter case.
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Figure 4: Transmitter collar assembly

The loop antenna was chosen because it is much
less dependent on ground proximity and conductiv-
ity than a whip type and more efficient than
various small ferrite-loaded loops tested. Some
efficiency is lost when it is on an animal be-
cause of induced eddy currents in the neck.
However, the deep nulls characteristic of small
loops are no longer present when the collar is in
place. It is also mechanically superior to a
whip and not subject to snagging or breaking.

A waterproofed battery pack is attached to the
collar adjacent to the transmitter case and the
entire assembly is covered with a fiberglass-
epoxy coat This makes the collar rigid and
prevents flexing and bending which would cause
eventual breakage or antenna detuning. Padding
is placed on the inside of the collar for size
adjustment for various animals, and wrapped with
colored plastic tape for better visibility at a
distance. A completed collar on a bear is shown
in figure 5.

A summary of the transmitter characteristics is
given in table 1.

Figure 5: Immobilized grizzly fitted with
transmitter collar. A field strength
meter used to tune the antenna is
next to the collar.

NOT REPRODUCIBLE

Table 1: Transmitter Characteristics

Antenna type

Frequency 32 MHz
Qutput power
Pulse width 50 ms

100 mW pulse

1 per second (nominal)
resonant loop
11 inch diameter

Pulse repetition rate

Antenna impedance 50 ohms

280 mW peak
18 mW average

mercury, low temperature
9.3 volts, 4.5 Ah

DC input power

Battery type

Weight
electronics 0.1 1b
battery 0.9 1b
complete collar 2.0 lbs

3 months standard
9 months with
additional timer

Operating lifetime

';% Figure 6: Portable
receiver with loop
antenna

Vghad e

Receivers and Receiving Antennas

The receivers used for location are conventional
battery-operated AM dual-conversion super-
heterodyne types. A BFO was incorporated to
permit reception of the unmodulated CW pulse from
the transmitters. This approach gave maximum
system range since it takes advantage of the
ability of the human ear to detect the presence
of received signals at signal-to-noise ratios
considerably below unity.

The receivers were used with a variety of antenna
types, depending on the tracking range and degree
of mobility desired. Figure 6 shows a receiver
equipped with a loop antenna which was used for
tracking on foot at distances up to 2 or 3 miles.
A sense antenna suppressed one lobe of the loop
pattern to allow the direction of arrival of the
signal to be determined.
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If more range was desired when tracking on foot,
the receiver was connected to a quad antenna

(a two element array using one-wavelength wire
loops rather than dipoles? which could be dis-
mantled for backpacking. Ranges between 10 and
15 miles could be obtained with this antenna.

In many cases the instrumented animals could be
located from roads by the use of 3-element yagi
antennas mounted on vehicles, or from a base
station at Canyon Village using a 5-element yagi
on a 30 foot tower. Reasonably good bearings
were obtained with these antennas in spite of

their broad beamwidth by rotating the antenna and
bisecting the angle between loss of signal points.

Maximum ranges were between 10 and 15 miles.

Animals could be located from the air when they
were in inaccessible country or had moved a con-

siderable distance from their last known location.

An 11 inch diameter loop antenna like the one

shown in figure 6 attached to a strut on a fixed-

wing aircraft gave ranges up to 20 miles.
Greater range would be obtained with a more
efficient antenna.

Experiments were also conducted with an un-
attended repeater station which could be set up
in remote locations. The receiver portion of
the repeater, connected to an omnidirectional
antenna, was adjustable in sensitivity so that
signals exceeding a predetermined level would
trigger a transmitter on the same channel after
a short time delay. The transmitter was con-
nected to a directional antenna oriented toward
the base station. Animals coming within the
preset coverage radius of the station would
trigger the repeater and cause the signal to be
relayed to the base station.

TELEMETRY SYSTEMS

Slight modification of the location system
described above made it possible to telemeter
data about the animal's environment, condition,
and behavior. Amplitude modulation was selected
for compatibility with the receivers used for
location. Pulse frequency or pulse duration
modulation was used in most cases to minimize
transmitter power requirements so that battery
life would be as long as possible.
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Activity

A simple activity monitoring scheme is Shown in
figure 7. With the animal at rest, the trans-
mitter is keyed on by an astable multivibrator
at a low rate (about 45 pulses per minute). When
the animal moves, the motion transducer triggers
a monostable multivibrator, which causes addi-
tional pulses to be transmitted. The total
number of pulses received in a given time is an
index of how much the animal is moving about.

The motion transducer consisted of a piezo-
electric crystal which was struck by two ball
bearings when moved or shaken (1). More
quantitative information could be obtained if
this simple transducer were replaced with an
accelerometer,

In some cases sounds or calls made by animals
or birds were of interest. A small AM trans-
mitter was designed which broadcast sounds
picked up by a built-in microphone. The power
requirements were higher for the resulting
continuous signal than for a pulsed signal, so
a small solar panel was used to provide the
power for the transmitter.

Heart Rate

A prototype system for monitoring the animal's

heartbeat rate is shown in figure 8. The trans-
mitter is keyed on by an astable multivibrator

whose frequency is controlled by the amplified

EKG voltage. The EKG waveform is sensed by two
electrodes attached to the animal.

The astable multivibrator operates at 200 pulses
per second so that frequency components up to at
least 50 Hz in the EKG waveform will be trans-
mitted with good fidelity.

The received PFM signal is demodulated by integ-
rating the output of a monostable multivibrator
triggered by the 200 pps subcarrier. The
resulting EKG waveform is displayed on a portable
oscilloscope or chart recorder.
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Figure B: EKG telemetry system



Figure 9: Two-channel body temperature
telemetry system

Figure 10: Preparing to place temperature
transmitter on an immobilized elk

Body Temperature

A body temperature measurement system is shown in
figure 9. Temperature is sensed by a thermistor
probe which is placed under the skin of the
animal in the neck or shoulder region. As in the
other systems, the transmitter is keyed on by an
astable multivibrator. In this case, the pulse
width is controlled by the resistance of the
thermistor used as the temperature sensing ele-
ment. A 15 second timing circuit alternately
switches between each of two thermistors so that
temperature at two different depths beneath the
skin can be measured.

Figures 10, 11, and 12 show the system being
tested on an elk in Yellowstone Park.
Another body temperature measurement system that i - i
has been used on a hibernating black bear is Figure 11: Attaching temperature probe
shown in figure 13. A small temperature-
sensitive transmitter is surgically implanted or
rectally inserted in the bear. The signal from
the transmitter is picked up by a loop antenna
placed on the floor of the den and recorded by
equipment a short distance outside.

This approach eliminates troublesome wires and
external attachments to the animal but is limited
to very short ranges. Future experiments will use
an implanted transmitter with an external re-
peater collar to obtain longer range.

Satellite Monitoring

In the future, satellites will probably play an
important role in data collection for ecological
and wildlife research programs. Two feasibility
experiments recently carried out using the IRLS
system were the first steps in this direction.
The first, tracking of a migrating elk, is
discussed in later papers in this session. In
the second experiment, environmental data were

telemetered f the d f
bzaﬁm?zﬁfe bl T i K Figure 12: Recording body temperature data
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Figure 14 is a diagram of the den monitoring
equipment. Temperature sensors were placed in-
side and outside the den to measure the influence
of outside ambient temperature changes and of the
bear's body heat on the temperature inside the
den. Light sensors helped determine local
weather conditions and whether the den entrance
was covered With snow.

Collection of data by satellite is ideally
suited for experiments conducted in inaccessible
locations. In this case it considerably simpli-
fied our field problems in comparison with work
in previous years at other dens with on-site
monitoring and recording equipment. Further,
when the bear left the den we were able to
determine this from the daté and visit the area
within a day to make observations.

CONCLUSION

The tracking equipment described above has been
used for several years in studies of both bear
and elk. It has proved to be extremely useful
to the field biologists, enabling them to make
observations and gather data on animal movements
and behavior that would be difficult or impos-
sible to obtain using older methods. Other
investigators are using systems of the same
general type and complexity in studies of a
wide variety of animals.

Many of the telemetry techniques that have been
developed and are in use in aerospace and other
fields have not yet been applied to wildlife
research. For example, time-delay ranging using
a transponder attached to the animal would have
advantages over the triangulation methods gen-
erally used. There is room for much improvement
and innovation in the antennas for animal-carried
transmitters. Recently introduced low cost
linear integrated circuits make narrow-band
phase lock receivers for tracking appear much
more practical than before. Large scale integ-
ration of semiconductor memories and logic is
greatly reducing the cost and complexity of data
sampling and storage devices that would be use-
ful in many field projects. These and other new
techniques and equipment could greatly expand
the capabilities and applications of wildlife
telemetry in the next decade.
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Satellite Tracking of Elk

For the first time en animsal has been tracked

on the earth from a satellite
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In a feagibility study to test the practicebility of using the
interrogation Recording Location System (IRLS) (Cressey and Hogan, 1965;
Cote, 1969, 1970) for tracking free-rosming snimels, a female elk was
fitted with a collar containing both an IRLS transponder and & Craighead=-
Varney ground-tracking transmitter (Craighead and Craighead, 1963, 1965a).
The elk was tracked by the satellite and data were recerved during the
entire month of April 1970, This was the fivst time an animal on the
surface of the earth had been tracked by satellite. The feasibility of
modifyang IRLS equipment for this purpose was demonstrated. It is cone
cluded that satellite dabte collectbion systems can have important

applications for tracking animals in remote areas.

IRLS System

IRLS is an experimentsl system zboard the Nimbus 3 and 4 meteorologe
ical sabellates to test the feasibility of locating and collecting deta
from remobte instrumented pleatforms deployed on the surface of the earth.
The IRLS system consasts of the satellite, instrument platforms, and =
central ground acquisation and copmend stetion (located in Fairbanks,
Alaska), Each platform 15 equipped with a transmitter, receiver, end
data encoder which sre activated upon receiving s discrete 16-bit address
code from the satellite, In operation the addresses of electronic plat-
forms and anticipated times of platform overpess are programmed into the
satellite on an orbiteby=orbat basis from the commend station, As {time
elapses into the orbat, interrogations of platforms are executed at the
preprogrammed tTimes. During each anterrogation the short-renge distance

from the satellate to the platform is measured by the satellite;
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simultaneously, the platform trensmits encoded sensor data to the
satellite., The range information, time of ranging, and sensor dats are
gstored in the satellite for readout at the end of the orbit (107 minutes
later). A minimum of two interrogations is required per platform to
determine 1ts position. Through compuber modeling, the locus of each
range measuyement forms & circular sphere in space with the satellite
situated at its center. BFach ranging sphere in turn intersects the
surface of the eexth (e third sphere) to project interseéctipng circles
(Fig. 1). The platform must necessarily be located at one of the two
Intersections; the swbiguity is resolved through prior knowledge of the
platformts position. The accuracy of locabions incresses wath ancreas=
ing dastance between the satellite's orbitel plane (ground track) and
the platform. Data from passes nearly overhead translated into large
errors an locetion in the geometracal calculations for position. The
Numbus III satellite was launchedinto a polar sun-synchronous orbit with

equator crossings &t local high noon and madnight, around the globe,

Instrument Collax

In cross=sectional view (Fig. 2) the IRLS collar is triangular in
shape for conformance to the animel's neck. The inberior sides were
lined waith foam rubber for protection against sbrasions,

The prime power source for the instrument was provided by nickel-
cadmum batteraes contained in the left compartment of the collar. To
ansure & manamum lafetame of 6 months operation, en electromechanical
timer was utilized to eliminate battery standby power during the l2-<hour

antervals hetween orbrbtal overpssses. Solar cells were mounbed o the
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sides of the coller to provide continuous cherging during dsylight hours.
The IRLS electronic equipment utilized for this spplicetion was initially
designed for opersbion on high altitude balloons; and only through the
coordinated efforts of engineers and biologists in government, private
anstitutions, and industry was the successful completion of the design
possible, The detarled performance snd physicel specificabions of the
collaxr are listed in Teble 1,

The Craighead-Varney ground-tracking transmaitter (32 MHz) was
installed in the lower compertment of the collar. A separate set of
batteries and the entenna for this system were located at the top of
the collar. Instellation of the collar on the elk wes accomplished by
separating the instrument into two parts. It took 10 minutes to make
the electronic connections and fasten the two paris of the collar on the

animal,

Sensors

The design specifications of the IRIS system permit multiple sensory
functions to be momitored by the pletform (collar) for transmission and
storage aboard the setellate In normal operation, data are available
to experimenters or users withain 1 o 2 hours of the overpess. Data
formats of wvarious lengths are availeble to meet specific regulrements,
The standard format consists of 22 data words encoded to +1% sccuracy
(7 bits). Up to 30 such fremes may be collected with each interrogation.
The elk experiment required 10 channels to provade internal telemetry

for the instrument and monitoring of externsl sensors. The deta Fformat
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selected for the experiment 18 shown in Figure 4, One such frame of
dats was collected during each interrogation of the instrument collar,
Interrogations were programmed on each overpass for up to five samples
for each sensor at intervals of 1.5 minutes, Temperasbure readings were
obtained through thermistors mounted in the appropriete locations. The
laght=-intensaity sensor consisted of & standsrd photodiode mounted at the
base of the antenna, A pressure transducer consisting of a bellows,
acting on a potentiometer, and & vacuum reference was instalied to
measure altitude., The transducer bellows mechanism failed, end wes
inoperative Throughout the experament. Readings of external skin
temperature wvere cbtained by a thermstor mounted on a tension arm
atbached on the inside surface of the collar, The tension was celi-
brated to ensble skin contact under normal asctivaity conditions, Babtery
voltages were monitored darectly, and the received signal strength was
obtained at the output of the first intermediste-frequency stage. The
electromechanicel timer sebtings were translated into a linesxr voltage
scale 10 enable orbit-by~orbit monitoring of the instrument's "on"
window. Overlspping scales on two thermistors (=40 to +lO°C, 0 %o +50°C),
located at the bottom of the collar to prevent solar hearing and to pre=
clude thermal conductance from the babtery powver source, provided a

range in embient bemperature from =45 to +50°C,

Timer Conbrol

A unique feature of the elk collar which provided a 6-month battery

lafetume, despite the high power requirement of the IRLS equipment (150
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milliwatis continuous standby) » was the low=power electromechanical
timer-control unit. The timer served to eliminate standby power by
completely unlosding the battery during the l2-hour intervals between
orbytel overpasses, During each overpass a 10-minubte "power-on" period
was initaiated precisely ss the satellite came into radio view, Orbitel
overpasses vary in absolute time from day to day, and the tamer provaded
perfect synchronization with each orbat. Conceptually, the timer repre-
sented an electromechanical model of the physical conditions of the
Nambus orbit., In operation, two separate timers were used: a 2lh<hour
earth rotation clock and a 10T7.4l7-minute orbitel period clock. Contach
points on the respective timers were engaged at 12-hour intervaels coin-
cident with each satellite overpass. Oince the best low-power timers
available could not maintain needed accuracy for 6 months, & periodic
adjustment was required to mamantain synchronization. This was
accomplished by using the intexrrogation link to transmit a special coded
sequence of binary baits whenever adjustment was required. The timer

setiing was monitored at each interrogation.

Pretesting

A mockup fiberglass collar (11.3 kg) to accommodate the IRLS
electronic equipment was developed during the summer and fall of 1969.
The model was tested for 90 days on a semiteme female elk in a large
corral at the National Bison Range, Moiese, Montana. The elk experienced
no apparent discomfoxrt, nor did the collar anterfere with her deily

activities. When lowerang and raising the head during feeding the
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collar slid slowly back and forbth on the elk's neck. No skin abrasions
or excessive removael of hair resulted from the rubbing.

Meanwhile, the IRLS transponder end Craighesd-Varney transmitber
were packeged into & metal collar (11.3 kg) of the same configuration,
Following the favoreble results with the mockup collar, the IRLS instru-
ment collar was pleced on the same elk on 20 January 1970. Ten minutes
after the elk recovered from the immobilizing drug (M9 w- etorphine)
the instrument packege was successiully interrogeted by the Naimbus IIT
satellite., Over the next 12 days interrogastions were obtained on 16
orbits.

Having tested the system on sn elk under controlled conditions,
preparations were made for testing it on a free-roaming elk at the
National Elk Refuge, Jackson, Wyoming. On 5 Februsry two wild femeale
elk were immobilized end fitted with mockup collars to condation them
to accept the electronic collar, They were members of a herd of aboutb

10,000 elk that are fed on the Refuge during the wanter,

Experiment I

An elk wearaing a mockup collar was to be captured and the electronic
collar substaituted for the dummy collear, Prior to the attempt on 19
February, personnel of the Refuge made = routine census. Thas disturbed
the elk, and close approach to the selected snimals was not feasible, A
distant shot wath a projectile syringe missed the collared elk and
struck another animal, whach became irmobilized within 5 manutes wath a

dosage of T mg of etoxrphine. The instrument coller was fitted to this
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elk, which appesred to be an good condation., She was immobile for 30
minutes, recovering within 3 minutes after an injection of 14 mg of M=
285 (diprenorphine), an etorphine antegonist. She rose without diffaw
culty, and ran to rejoin the herd,

At noon on 20 February Wimbus ITI should have yirelded data from
anterrogation, but failed to do so. Subsequent passes were likewise
mnsuccessful, It was later determined that installetzon of the instru-
ment package had occurred durang the hourly 6~minute speed-up cycle,
dasrupting the orbital period setting of the tamer. Specral commands
from the satellrte detected a I to 5 minute delay in the timer setting,
which was then corrected by commands from the satellite., At noon on 22
February daba were received from the anamel. Simultaneocusly, field
observations indicated that the animal's behavior wes sbnormal, An
abttempt to immobilze her and remove the collar failed. The elk died on
the morning of £3 February, and en autopsy indicated a type of pneumonia
not uncommon in the herd. This animal probably had an incipient stage
of pneumonia, and the stress of being capbured could have aggraveted the

infection.

Experament IIX

On the morming of 1 Apral 1970 one of the two females wearing mockup
collars was instrumented with the IRLS collar (Fig. 3). A veterinerien
was on hend to ascertain the health of this elk, Her body temperasbure
was normal. (38.50()) , and she appeared to be in good condation. The drug
was again adminaistered by a projectile syringe fired from a gun. During

the 27 manutes the elk remarned immobile, engineers connected the
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electronic components of the two-pilece collar. Immediately thereafter
the elk received 12 mg of the antegonist, Within 3 minutes she arose,
looked around briefly at the observers, and then lowered her head to
nibble hay, efter which she slowly ran off to join the herd about 200 m
away, OShe lmmediately encountered snother female, Both stood on their
hind legs and struck wath their forelegs, a behavior pattern which seems
to establish dominance-subdominance relationshaps between individusls
warthan the herd, The anamal's behavior aindicabted a return o normal
almost immedrately after recoveraing from the drug.

On 8 April Numbus TV was launched in an orbit slightly lower than
Nambus IIX and for 5 days the two satellites were orbiting together, one
below the other, Under these condations the window of the IRLS collar
on the elk opened when Niwbus IV was overhead, and thas instrument was
the first to be anterrogated by the new satellite, Good interrogations
were obtained on three orbits prior to returning to Nambus III for
Turther monitorang of the anstrumented elk.

Accuracy of Locabions

Durang the perrod of operation 20 locabtions were obtained by
gatellite, On 5 orbits only one frame of data was received, precluding
a location computabion.

Ground sightangs of the elk and redio fixes by field observers
wathin the Refuge were used to determine the aceuracy of the satellite
locaticns., Since oObservations were made during daytime only, the

resolution of naighttime interrogations could not be ascertained, Also,
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daytime observations could not coincide exactly in time with satellite
overpasses, which imperts some degree of uncertainty to the references.
Through interpolation of observed positions end radio fixes & set of
reference points wes derived,

The distance and darection of the setellate position with respect
to the corresponding veference position (shown as origin) are plotted in
Figure 5. The points on the plot indicabted by x's denote locations
obtazned on near overhead passes where large errors were expected; three
additional points cobtained under these conditions yielded errors beyond
the scale of the plot., Bxcluding the latter three points, the mean
errors were: latitude 4.8 km; longatude 6.2 km., The location distribu-
tions shown in the figure fall iInto the following categories: £ 5 km,

5 points; 5 to 9 km, 7 points; »9 km, 5 points; and 3 points off scale.
The accuracy cf locations can be improved by using low profile,
omnrdarectional, circularly polerized antennas. The particular antenne
utilized for the elk experiment afforded coverage above 1+5° with respect
to the horizontal, The wmost accurste locations are made when the satel-
lxte 15 between 10° and 50° above horizontal., This fact was evident in

the large east-west errors (longitude), which are typically less than
the north-south errors (latitude). The regquirement for small=-sperture
antennas havang moderaste gain, circular polerization and light~weight
characteristics present many problems to sntenne designers. Progress as

beang made, and wall continue as animel tracking grows in amportance,
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Anglysis of Sensory Data

Five internal and five external sensory points were to be monitored
with each interrogetion, the format of each freme being orgamized as in
Figure 4. From 1 to 29 April 86 measurements were cobtained from each
sensor, except the altimeter, The day and night distribution was 33 and
53, respectively. Clearly, the night passes yielded more data, which
was gttributed to improved antenna orientation and stabality while the
animal was &t rest.

Trends observed in verlous sensors during April are plotied in
Figures 6 and 7. The velues plotted were selected from one representative
date frame from each seguence of interrogations,

The steady ancrease in vcliage levels during the first 3 days of the
experiment showed that the solar pemnels functloned well in charging the
batteries., Had charging not occurred, sufficient battery capacity
exarsted to enable the instrument to operate for 6 months Charge levels
remained well above nominal throughout the peraod, and showed no signs of
degradation, Varisbions in day end night readings were caused by changes
in battery leakage rates, which were a direct function of temperature.
Trends in voltege and Temperature were almost identical. The highest
voltages were obfained on Dls and Dy where temperaturs readings were
hagh (+lloc and +12°C, respectively). The battery bemperature remained
above ambient temperature during interrogations (as 2 result of heabing
effects of the battery under load and heat from the animalt!s body), but
the trends bebween battery and ambient temperatures were identical

(Figs. 6, 7). Previous studres in wanter hsve shown considerable
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increase in batbery temperature due to the warming effect of bhe animal's
body (Craighead and Craighead, 1965b).

The accuracy of measuring skin temperature with a thermistor at the
poxnt of contact between the collar and the animal’s skin reguires
further testing to determine the changes in ansulating effect from slid-
ing of the collar during feeding actavity. Individual skin readings
teaken at 1,5-minute intervals during interrogation seguences suggest
thaet the mnimel was &t rest when the readings were constant and active
when the readings were varaable., Appurently movement of the collar
altered its insulating effect, producing more regular tempersture read-
angs when the elk was at rest. The excepbionally hagh skin temperature
(37.5°C), which was near body temperature, on 10 April could have
resulted from continued pressure of the thermastor against the elk's
neck as the animal lay wath ats neck resting on the collar. Similarly,
& skin temperature of 35.9°C was recorded from an awskened and alert
black bear in its winter den as a1t lay on a thermistor located bebtween
the animel's body and the insulating materisl of ats bed (Craighead and
Creaghead, 1966). An inverse relstionship between skin and ambient
‘temperatures, shown an about half the recordings (Fig. T), could reflect
alterations in ainsulation of the integument due to compaction Of hair
under the collar or thermoregnlatory adjustments in the integument at
embrent temperstures near 0°C. Although the dabta are inconclusive, they
show the potentizlities for studying thermoregulation by monitoring
surface and subeubaneous skin tempersture, as well as desp body

temperature, using the IRLS system.
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The light intensity readings showed perfect correlstion with day
and night conditions throughout the experaiment, The nighttime readings
remained identicel in value, while the daytame readangs fluctuated with
light intensity. The values veried from braght sun to shaded sun, with
the majoraity in the braghter area. No readings were obtained under
forest canopy, but results andicate the feasibilaity of determining

vhether an animel is in open or timbered situations.

Movements of the Elk

Except for the longer movements, the locabtions obtained with the
IRLS system were too inaccursie for determining the local minimum
movements of the elk withan the Refuge. For long-range migrataions
satellite locetions of the elk's posaition could have yielded useful new
1nformaticn,

Contact between the elk and the satellate was lost on 1 Mey when
the collar inverted, Communicationr was Impossible wath the antenna
pointing groundwerd, Until 10 June the elk was located by the ground-
tracking system. When the elk moved fer or rapidly it was relocabed by
axr, using a Cessne 150 with a small loop antenna sttached to the wing
strut,. Under favorable condibions the signal was received in the air-
plane from & dustance of up to 40 km at altabudes above ground level of
300 to 1,000 m, the strength of the signsls improving with altatude, Cn
15 May when the elk had moved to the northern porbron of the Refuge she
was approached, using the directionsl receiver, and was observed to feed

and run well with a band of 15 elk, The instrumented elk appeared in
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better physical condition then most of the other elk. Two days later
she left the Refuge, moved north along the east side of Blacktail Butte,
end arrived the following day in the area of Signel Mountain, 28 airline
km from her last positaon on the Refuge, After remeining here and in
the area of Uhl Hill and lower Spread Creek for 5 days the elk began
moving up Spread Creek on 25 May, traveling southward ainto the Gros
ventre drainage to Slate Creek. There she joined a group of about 300
elk thet annually calve an the area. When observed closely on 8 June
she appeared to be in good physical condition, Most of the winter coat
remeined, and no asbrasions or sores that might have been caused by the
collar were observed, The elk was last located by ground-tracking radio
on 10 june. The next contact was on 28 July an Cobtonwood Creek about
20 km east of Slate Creek, On 1k November the anstrumented elk was
anadvertently shot 8 km from Cottonwood Creek by & hunter when the elk's
head and shoulders were hadden an trees. Thas was ammediately prior to
her expected safe return Lo the National Elk Refuge, An autopsy of the
anamal showed thet she was in good physical condition and pregnant; her
krdney feb index was 175 (Rainey 1955) and the femur marrow was white and
drd not compress (Greer 1968); the left ovary contained & corpus luteum
13 mma d:.ame“i;er; the embryo was in the bhread stage with membrenes
approxamately 18 inches long.

The circuitous route taken by the elk to reach its suumer range,
coverang sbout 65 km, rather than traveling directly up the Gros Ventre
River valley for a distance of about 20 km, was unantieipated. The
route taken elso anvolved crossing a high divide that was still snow=

bound. These observations indicsbe that the detaaled movements involved
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1n an elk mgration can be studied with a combainataion of ground end
satellate tracking equipment., Such information xs valuable an the

management of elk populataions,

Sumary

Free-living znamals can be tracked and monitored by sabtellate an
naturel envaromments, as indicated by the present feasibility study with
the IRLS system, Satellite inbterrogetions of an instrument collar on an
elk at the National Elk Refuge were made over a peraod of 30 days, with
a mean error of 4.8 lm for latitude and 6,2 km for longitude. Improve=
ment of the resolution of locations to within 1 km requaires the develop-
ment of low profile, omnidirectaronal, carcularly polarized antennas.

Sensory data from the instrument showed the solar cells functioning
so effectavely thet the nuber of batteries could have been reduced
substantially to conserve weight. The data on skin temperature require
verification by fubure experiments. They do, however, demonstrate the
pobential for moniboring physiological and envirommentsl parsmeters with
the 28 channels of the IRLS system.

The probobype instrument collaxr has weight limitations., Infoxmation
deraved from the experiment provided a basis for calculebing a potential
reduction i1n weight by at least 50%. A 5 kg instrument collar will make
the IRLS system available for a wider variety of animals. Mierominisa-
turization could reduce the weight of the IRLS package still further.
However, IRLS 1s & highly regimented two-way system, and weight reduc-

tion has a lumit., Weight limitations iie between 5 to 10% of the
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anamal.'s body weight., There 1s, therefore, a need to develop satellite
systems with instrument packages useful for birds and other small
animals., The doppler-shift system has been proposed (Balmino, et al.,
1968; Buechner and Mexwell, 1968) to bring the weight of the instrument
on the animal to 50 g or less,

Sgtellate tracking and dats=collection sysitems provide powerful
new tools for studying biological phenomena, such as animal maigration,
and for obtaining informztion useful in the management of ecosysbems
and wildlife and fisheraes resources, Addational cooperative research
projects among biologists and engineers could advance this new teche

nology to a widely applicable and economical system over the next decade,
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Table 1  Specafications of elk collar

Transmitter {FM}

Power 15 watts
Frequency 466 0 MHAz
Band Width 100 KHz

Receiver (FM)

Sensitivity -114  DBM
Frequency 401 5 MH=z
Band Width 100 KH=
Antenna Crossed Dipole, 2 DB gainm, right caircular
Sensors 10 (17 accuracy)
Batteries Nickel Cadmium (20)
Solar Panels Cadmium Sulfide (710 cmz)

Weight (kg)

Antenna 477
Antenna cover 350
Electronics 1 058
Electronics housing + solar 1 149

cell cover
Batteries 2 097
Battery housing + solar 1 149

cell cover

Transmitter/Receaver 1 149
RF housing 549
Collar materials 1571
Ground trackang transmitter 717
Cable + connectors 908

Total 11 274
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Short-renge distances (R) from the satellite to the platform
generate spheres in space with the satellite at the center.
Where two such spheres intersect the earth, intersecting
circles are formed on the earth's surfece, The animsl 18
located at one of the two points of intersection of the circles,
the ambiguity being resolved by prior informetion of the
animal's last position,
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Figure 2: C(ross-sectional view of IRLS collar
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Figure Ub:

NOT REPRODUCIBLE

Figure 3: Elk with IRLS collar
DATE OF RUN MO. DAY YR.
4 22 70
ORBIT NUMBER 5082
PLATFORM ID 105452 ELK
COMMAND TIME HH MM SSS
07 54 10.6
FRAME 1
DATA RECEIVED
2 UNUSED 1 UNUSED
4 ALTIMETER 3 UNUSED
6 +12 VOLT BATTERY 5 RECEIVER SIGNAL
8 BATTERY TEMPERATURE 7 SKIN TEMPERATURE
10 -40 TO +10°C AMBIENT 9 0 TO +50°C AMBIENT
12 TIMER 11 +4.8 VOLT BATTERY
1
: }UNUSED 1'3 LIGHT INTENSITY
28 !
It UNUSED
27

COMPUTED PLATFORM LOCATION

TIME
LAT LONG DAY HH MM SSS
43 492N 110.721W 118 07 54 110

Format for computer printout of a frame of data
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Figure 5: Resolutlon of positions debermined by satellite., Numbers
indicate day of month; subscripts indicate daytime (D) and
nightime (W). Origin represents zero error in distance;
compass directions indicate direction of error from position
observed on the ground,
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Figure 6 Battery voltages and temperature monitored by setellite.
Letters indicete daytame (D) and nighttime (N); subscripts
indiecate day in April, Dotted line shows 5-day interruption
at launching of Nimbus IV,
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Satellite Monitoring of Black Bear

Envaironmental data related to the wainter activities of &
black bear an "habernation” were collected by satellite

interrogations.
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The application of modern electronics to wildlife research problems,
using a variety of equapment and systems, has ensbled researchers to obtaan
data on home ranges, movements, behavior, social interactions, and physiology
of free-roamng animals; this information would be difficult or impossible to
obtain uvsing older methods.

Now the use of earth-orbiting satellites provides a new technique to
locate and collect data from anstrumented animals. It has wmigque advantages,
including coverage of remote locations, such as the oceans and the polar
reglons, or surveying extremely large areas in & short period of time. An
experiment, recently completed, used the Interrogation, Recording and Loca-
tron System (IRLS) on the Nimbus 3 satellite to track and telemeter data

from a mgrating elk, Cervus canadensis (Craighead, et al. in press).

A feasibilaty experiment was recently performed to test the use of the
Nimbus 3 IRLS System {Anonymous, 1966, Cote, 1969, 1970; Cressy and Hogan,
1965) for telemetering envirommental and physiological date from the winbter

den of a "mibermating” black bear, Ursus ameracanus., The experament was

conducted with an IRLS unmanned data stataion (platform) oraiginally developed
for periodic global monitoring of geophysical, oceanographic, and meteoro-
logical data. The data gathering system, consisting of the platform, satel-
lite, and a ground acquisition and command station was mde available by the
Mational Aeronsubics and Space Admnistration.

A wild free-roaming black bear was fitted with a Craighead-Varney ground-
tracking transmitter (Craighead and Craighead, 1963, 1965) and tracked to its
wainter den. During Februery and March of 1970, IRLS sensory equipment was
placed in the bear's den, and data were transmitted to and stored a.'boa.rql. the

sateliite, The instrumentation procedure and our evaluzations of egquipment

performance and of the sensory data obtained are discussed in detairl.
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Instrumentation Procedure

On October 16, 1969, a black bear was instrumented with a ground-tracking
transmtber collar and then tracked with a portable directional receirver for
27 days while he selected and prepared a8 den for winter sleep.

The bear was lethargic when the den was checked on January 18, 1970.

He had removed the radio collar and this was retrieved without disturbing
the animal.

On Febrwary 14 the IRLS equipment was backpacked and pulled on sleds 5 km
to the den. A hypodermc syringe mounted orn the end of a 1.5 m gab stick was
used to ingect the bear with an rwmmobilizaing drug, phencyclidine hydrochloride
(Sernylan). Immedrately following injection, the bear came out of the den and
ran about 20 m down the hill before stopping, he was then overcome by the drug.
The immobilized bear was wrapped in a tarp, roped back up the hill and placed
in front of the den. The sensors for IRLS satellite monitoring equipment
were positioned both inside and outsade of the den. At the same time, a loop
antenna was placed around the bear's bed so that body temperature covld be
monitored by on~site temperature recording equipment. Ryan temperature
recorders (a small clockwork-driven chart recorder) were placed where they
would record both den and ambient air temperatures and were used to obtain a
continuous temperature record to check on the temperature sensor data trans-
mtted to the satellrte.

A body temperature transmitter (Mackay, 1970) was rectally inserted in
the bear and insulated with a sofi{ paper anal plug. The bear was then moved
back into the den, and the entrance was covered with snow.

The body temperature recording eguipment was placed in an insulated box
15 m from the den. The IRLS equipment, connected to the sensors by a 100 m
cable, was located about 90 m uphill where the antenna bhad a relatively

unobstructed coverage of the sky.
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Data were received from the den by satellite for 17 days until the IRIS
equapment bhatieries were nearly exhsusted and communication with the satel-
lite became intermittent. Body temperature was recorded on-site for U4 days
followaing ammobilization until the transmtbter either farled or was expelled.

The den was visited on Mirch 7 to recharge the batieries. Normelly this
15 accomplished by solar panels on IRLS platforms, but they were not used
hecause of possible dufficulties with heavy snowfalls. The equapment was
placed in operation agein on March 8.

Ancother trip to ‘the den was made on March 12 to replace the body temper-
ature transmtter and to modirfy the instrumentation set-up to allow connection
of the on-saite body temperature recording system 4o the IRLS equipment.

The bear was again injected with an immobilizing drug, and as before, he
left the den and moved a short distance throvgh deep snow before the drug
took effect. He was hauled back up the hill, and a new rectael temperature
transmitter was inserteds. The first transmiter was not found during a quick
check of the den floor and litter. New charts were placed in the Ryan temper-
ature recorders inside and oubside the den. A radio collar for tracking and
location from the ground was also placed around the bear's neck to follow his
movenents when he left the den in the spring. After the IRLS sensors were
repositioned, the bear was returned to his den, and the entrance was resealed
with snow. FEquipment changes and connections were made to permt monaitoring
of the body temperature readings by satellite &s well as the temperature and
light readings already being telemetered.

On March 13 satellate telemetry data indicated the bear was in has den.
On March 14, however, temperatures within the den dropped to near ambient
levels, and the light sensor inside the den indicated that the entrance was

opeits. A ”?rlp to the den on the evening of March 14 showed that the bear had
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left. Signals from the radio collar on the animal showed that he had moved
about 2 km to the north.

Data from the sensors continued to be collected by the IRLS equipment
unb1l the batteries were exhausted on March 23. The eguipment was removed
from the den on April 4. Bearings taken from the radio collar on the bear
at that time showed that he had remained in the new location. The bear was

captured and the radio collar was removed in May of 1970.

IRLS S}:stem

A sketch of the basic components of the IRLS monitoring system 1s shown
in figure 1. Loght and temperature sensors were placed at varrous points of
interest. The satellite commumacations equapment was connected toa l.2 m
diameter anbtenne mounted on a tripod. Power for the equipment was provided
by two lead-zacid automobile batteries enclosed in a styrofcam box and buried
in the snow to help prevent freezing. .

A simplified block dragram of the den monitoring equipment is shown an
figure 2, It consists of the sensors, excatation and control circuatry for
the sensors, and the IRLS eguipment.

The light and temperature parameters are measured by variable resistance
transducers and converted to DC voltages by the sensor excitation and control
circmitry. The oubput of each sensor channel 1s a precision voltage that is
proportional to the parameter being measured and of the proper magnitude and
polaraity for input to the IRLS system. To reduce the battery drain of the
system the sensor control cirewts apply excitabtion voliages to the sensors
only during the time that sateliarte interrogation is in progress.

The oubput voltages of the sensor channels are sampled by the IRLS
electronies and are converted to digrtal form suitable for transmission to

the satellite.
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The satellite interrogation sequence consists of several steps. Before
the orbat on which the interrogation is to occur, a ground station (Fairbanks,
Alaska) transmits a series of commands to the Ninmbus 3 satellite that deter-
mine which platforms, located world-wide, are to be interrogated and the
times at which the interrogations should be made. At the programmed time,
the satellite comes within radio view of the IRLS platform to be interrogeted
and begins to transmt a coded address signal, When the IRLS equipment on the
ground receives the address signal, 1t replies to the satellirte by transmit-
ting a response s:gnal. The response signal prepares the satellite to store
data, and the satellite then transmits an interrogation signal to the IRLS
platform. The platform samples each of the sensor channels, encodes the
data, and transmits 1t to the satellite where 1t 1s stored for later readout.
The entaire sequence tekes only a few seconds.

During the interrogation sequence, the satellite also determmnes the
distance to the platform by measuring the time between the sending of the
interrogation signal and the response from the platform. This distance
information 1s stored with the rest of the date and allows the locabion of the
platform to be calculated. Since the exact location of the satellite at any
time 1s known from its orbit parameters, each range measurement allows an
1maginary circle to be drawn on the earth's surface; the platform must be
located on this circle. A second interrogation sequence provides data from
which another carcle can be drawn which intersects the first at two points,
on cne of which the platform 1s located. The two points are sufficrently
dostant from one another to allow the station to be located without ambiguaity
by using previously known locations and deductl?n.

As the satellite continues on 1ts orbat, 1t interrogates other IRLS

statons and stores data. When 1t completes the orbit and passes over the
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Faarbanks tracking station again, all data are transmitited from the satellite
to the ground station and a new set of commnds 1s loaded into the satellite
for the coming orbit.

The Ninbus 3 satellite 15 in & polar sun=synchronous circular orbit,
with a period of 107 minutes and an altitude of 1100 km. It passes within
commmications range of 'trl}e same point on the earth's surface about every T
orbats, or every 12 hours. Data can thus be obtained from an IRLS platform
at & fixed location at 12 hour intervaels. Interrogations for the bear den
occurred near ncon and midnight each day.

After the platform data has been collected from the satellite by the
Fgarbanks tracking station, 1t 1s sent by telephone line and microwave link
to the Nimbus data processing center at NASA's Goddard Space Flight Center
near Washington, D. C. After processing, the data 1s printed out by computer
and miled to the experimenter.

For & more detailed discussion of the IRLS system see Anonymous, 1966;

Cote, 1969, 1970, Cressy and Hogan, 1965.

Sensor Placement

The liaght and temperature sensors were placed in the den as showm in
figure 3. One temperatiure sensor (T2) was located directly under the bed
meterial and the others (T1, T3, T4, T6) were arranged to measure tempera-
tures at various spots in the rear and near the entrance to the den. A light
sensor (L1) 1nsade the c|1en was pointed at the entrance to monitor the amount
of light entering and to record af the snow seal was broken, an indication
that the bear might have moved out of the den. A Ryan temperature recorder
was placed near T3 to provide a conmbinuous record of the den temperatures.

A 7 con spike attached to each sensor secured them to the den floor or wall.
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Temerature sensors T5, T7, and T8 were secured to a pole outsade the
den entrance at different heights above the ground. Sensor T8 was buried
beneath the snow, T7 was 0.6 m above the surface, and T5 1.2 m. Addrtronal
snowfall later buried T7.

Iaght sensors I2 and I3 were also placed on the pole outside the den.

L2 was pointed at open sky and L3 at the snow surface below the den entrance.

Evidently temperature sensor Th was dislodged from its original location
durang the second instrumentaing on March 12. Because the identify of the
sensor was uncertain at the time, 1t was replaced in the center of the bed
wath T2 (see figure 3). Iater checking of field notes permitted the identi~

ficatrion of the sensor.

Body Tempersture Recording System

A block diagram of the body temperature recording system i1s showm in
fagure 4. The systemw consists of a tempersture-sensitive transmtter im-
planted or inserted ain the bear, a wire loop anbtenna located near the animel,
and receivaing equipment consisting of a broadcast band receiver, pulse rate
converter, and chart recorder.

The body temperature of the bear 1s sensed by the transmititer and causes
changes in the rate of a series of short pulses broadcast by the wit, These
signals are picked up by a loop antenna placed under the animal as shown in
figure 4 and detected by a receiver set up outside the den. The demodulated
pulses from the receiver are counted and converted to a DC voltage by the
pulse rate converter for input to the chart recorder. A continuous record of
body temperature resulis.

Data were initially recorded by an on-site chart recorder. Additional
equapment changes and connections were mde during the March 12 vasit to

permt monitoring of the bear's body temperature by satellite.
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Analysis of Sensory Data

Ryan Temperature Recorder Deta

Contanuous den and ouibside anbient temperature records for the period
of the experiment are shown in figure 5. 'The recorder inside the den was
placed 60 em off the floor and approximately 80 em from the bear's bed as
shown in figure 3. The outside recorder was suspended from a tree in a
shaded location near the den entrance.

Den temperature rememined fairly constant, with a maximum change of L°C
and lattle eyclic day-night variation, during the first 4 weeks (Feb. 14 ~
Mar., 12) while the bear was in the den. Outside temperatures during this
period ranged from a low of -18°C %o a high of 3°C, a variation of 21°%, The
den temperature was near freezing or slightly below. The average den and
outside temperatures were -l.3°C and ~5. 300, respectively, a difference of
4, 0°, Cyelic day-night outside temperature variations are apperent for most
days.

The small varistions in den temperatures tend to follow the long-term
trend of the ocutside air temperature. The minimum den temperature of -1°¢
on February 19 coincides with a low of -1500 outside, and the gradual increase
in the den temperature from ~4°¢ on February 19 to --lOC on March 2 follows a
warmng trend outside. A slight dip in den femperature on ¥March 6 follows
two low outsade readings. However, two days of -18% lows outside on March
10 and 11 had no effect on den temperature. The probable explanation for this
is the insulating effect from & snowfall prior to March 10 which covered the
den entrance more deeply than before.

The second recording period began on March 12, The den temperature
remined near -1°C for the first few days. The bear probably left the den

before noon on March 1. With the bear no longer present the den temperature
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deciined graduvally, following declining outside temperatures, and resched
—600 on March 19, whaich coincides with an outside low of —15°C. Untal the
sensors were removed on April 4 the den temperature continued to follow the
outsirde temperature to a greater extent than when the bear was present, the
maximum veriation of den temperature was 6°, vhile the outside temperature
showed & maximm fluctustion of 18°.  The average temperature inside the
den was -3.6°C and -5,4°C outside, a difference of 1, g°. Cyeclic day-night
variations in den temperatures are noticeable, especially between March 28

and April 3, these variations did not appear when the bear was in the den.

IRIS Temperature Data

Temperature readings obtained from the den sensors by the IRLS system
have been converted from telemetry voltages to degrees Centigrade and are
shown in figures 6 through 9. Datas were not received on some days because
the satellate did not pass within communication range of the station, and the
equipment was not operabing between March 3 and March G because of low
batteries,

Sensors Tl, T3, and T6 measured air tempersture 1n the den at different
distances from the emntrance, waith Tl in the extreme rear, T3 mdway to the
entrance, and T6 near the entrance (see Tigure 3), Tl remesaned at a nearily
constant temperature of ~-2°C as long as the bear was in the den. The low
outside temperatures on February 18-21 caused only a -0.5O depression at Tl.
Sensors T3 and T6 were influenced more by outside temperature and showed

changes of 59 during the same period (Fig. 6).
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The second immobilization of the bear on March 12 is marked by a vertical
dotted line on the temperature curves. All three sensors showet'f‘gn;all’. ‘temper~
ature rises on Merch 13 and 1% $hich were probably due to the bear's move-
ments inside the den. When the bear left the den on March 14, temperatures
dropped, they then began to follow the outside temperature changes to a
greater extent than before. Also the differences hetween the three sensors
were less when the bear was no longer an the den.

Data from sensors T2 under the bed and T4 on the floor of the den near
the bed are plotted in figure 7. After initial placement, the temperature
of 12 climbed from O. SOC to a high of 29°C in a 10~day period becsuse of the
warming effect of the bear's body heat. Average Ltemperatures were near 21°¢
for a large portion of the time from Februvary 20 to March 3. The readings of
T4, which measured the temperature of the den floor, remsined low, they were
near -1°C during the same period.

When the station batteries were recharged on March 9, the date showed
that the bear had changed his position in the den, T2 temperabure dropped to
-1°C, while T, now influenced by the animal's body heat, rose.

After the second immobilization, Th was moved to a location an the bed
near T2. On March 13, both T2 and T4 showed temperature rises from body heat.
On March 14, however, their temperstures dropped and remained low thereafter,
indicating that the bear was no longer in the den., From Maxrch 14 to 23,
temperatures from T2 and Th were simlar to those of the other sensors an the
den.

Data from sensors outside the den are plotted in faigures 8 and 9.

Sensor T7 (fagure 8) was imitially above the surface of the snow and

followed air temperature variations closely. From about March 2 on, however,



de Jd. Craighead 12

it shows less change with air temperature and wes probably covered by new
enowfell at this time. Fyamination duwring the visit to the den on March 12
confirmed that the sensor wes covered.

Sensor T8 (Figure 8) was buried an the snow and remained at a relatively
constent temperature, which only varied about 52 around an average temperature
of =5°C.

Sensor T5 (figure 9) recorded air temperature for the entire time since
it was initaally placed 1.2 m above the snow surface and remained uncovered.
Readings from this sensor correspond closely with the sir temperatures measured
by the Ryan recorder (figure 5).

Sensor T9 measured alr temperature at the location of the sensor excitation
and IRLS platform electronics, which were located on the hillside about 30 vertica
m above the den entrance, The readings correspond with those of T5 and the
Ryan recorder.

Data from sensors Tl, T2, T3, Th, and T5 are plotted samultaneously an
figure 10 for comparison, The temperature points for each sensor are comnected
by lines for easier visrbality and do not represent temperatures between data
points, The influence of ocutside temperature on T3 and 1ts lack of effect
on Tl are apparent. The moderating effect of body heat from the bear on den
temperatures i1s also evadent in the way that temperatures from all inside sensors
followed outside temperatures safter the bear left the den.

Average temperatures inside the den with the bear present ranged from
18.100 in the bed to -3.0°C near the entrance, while outside alr temperature
was -6.7°C. After the bear left the den, insiade temperature at the rear of

the den dropped to about 20 above the average outside temperature (Table 1).

Inght Sensor Data

Telemebry data from the three light sensors are tabulated in figure 1l.



Average Temperatures in Den

Table 1

Sensor location

AvVerage Temperacure

Bear an den
(2-15 to 3-13)

Bear abszent
(3~14 to 3-23)

Rear of den (T1)
Bed (T2, Th)
Top front of den (T3)

Outsade ambient {T5)

-1.7°%C
18.1
-3.0
=67

-3.0°%C
2.9
-4, 3
=5.0
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L2 was located outside the den snd pointed at open sky at an angle of hSO
from horizontal. The voltage readings from the sensor showed day-nlght

variations very well; 1t showed zero readings at night and readings in the 5

volt region during the day, The variation between day readings, however, 1s
not enongh to determine details of weather conditions such as the amount of
cloud cover., TFurther experimentation with sensor scsle factors may provide
better resolution for future experiments,

Light sensor L3 %as also located outside and was pointed down at the snow.
An unexplained 2,35 voli offset i1s evident in the readings between February 15
and March 12, After the equipment modificetions for hody temperature monitor-
ing were made on Mareh 12, however, the problem disappeared and normel readings
were obtained,

Sensor L1 was inside the den pointing at the entrance. Zero readings
between Februery 15 and March 13 show that the entrance was covered with snow
end thet the bear did not venture out. The day reading on March 1L showed
that the den entrance was open for the first tame, Thas together with low
bed tempersture readings led to the suspicaon {later verwfied) that the beer
had left the den. Readings on subsequent days showed that the entrance

remained open.

Body Temperature Date

On Pebruery 1k, temperasture data from the rectal transmitter was not
received for the first 6 houre after the beesr was placed in the den to recover
from the effects of the immobilizing drug. This was probably because the bear
did not immediately move all the way back into the den and lie over the loop
antenna encarcling his bed.

The system began to record data around midnight and continued for the
next k-1/2 days until 1800 on Februery 19, Data taken from the recording at

1 hour intervals is plotted in Figure 12,
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The body temperature of the besr reached an equilibrium velue of
approximately 35.300 by the moming of Februery 15 and remsined there for
the next two days. This corresponds closely to a temperature of 35.6°¢C
taken previously with a rectal thermometer from another bleck bear immediately
following immobilization; it also corresponds closely to telemetered temperaw
ture readings obtained from a thermistor probve inserted 4 cm into the neck
muscle of & black bear in his winter den (Craighead and Craighead, 1965).
Figure 12 shows thet the nighttime body temperature was slightly lower then
the daytime temperature (about 0.5 varietion); however, the amount of dste
is not sufficient to allow any conclusions to be drawn gbout nychthemeral
body tempereture fluctuations,

The telemetered temperature dropped to 33.8°C at 1500 on Februsry 17,
and remained in thet vicinaty through Februery 18, On February 19, it made
several large excursions before data stopped at 1600 hours, The resson for
the lerge apparent changes 1s not clear, and two causes are possible. The
transmtter could have been expelled by the bear with consequent temperature
changes during the process. The transmitter was not tested below 2000, but
it is probsble that it would stop operating at freezing temperetures after
‘nei.ngi expelled, The other possibility is that the waterproofing of the trans-
mitter wes not adequate and fluids in the colon caused 1t to fail; the apparent
tempersture changes could have been caused by erratic operation.

After e new trensmitter waes inserted in the bear on March 12, data were
received for two short periods, The data sre shown in figure 12, The indi=-
cated temperature during the first of these peraods varied between 35.6 and
36.'T°C. Temperature during the second period increased from 34,8 to 35.500.
The gaps in the data are due to the bear moving eround in the den end out of

range of the loop antenna. Disturbing the bear 2 second time probably reduced
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his lethargy, which might account for the higher body temperature readings.

He left the den on the morning of March 14, end no further data were obtained.
Neither of the body temperature transmitters were recovered for recali-

bration after the experiment, so the data should be accepted with reservations.
Setellaite interrogations did not occur during the pericds when body

temperature data were being recorded (see FPigure 12), so no hody tempera=

ture deta were telemetered by the IRLS system. This can be accomplished in

future experiments, Ttmmey also be possible in future experiments to implant

the trensmibtter in the bear's sbdominal cavity; This will result in greeter

accurscy if the problems attendent wath surgery under ragorous field condie

tions and the additionel stress on the besr can be overcome.,

Location Data

The den locations computed from satellite data are shown in figure 13.

A locetion was obtained on each orbit in which two or more frames of data
were received by the satellite, A totsl of 29 locations, approximetely one
per day during bthe time that the eguipment was operating, were computed during
the experiment,

Three location points were obviously erronecus (more then 15 km from the
known location), and are not shown in the figure. For the remeining 26 points,
the mverage location error was 3.7T km and the root-mesn-sguare error vas k.31
km. All location points lie within a circle of 7.25 km radius.

Since the den location was known in this experament, the location cepsa-
bility of the IRLS system was not reguared., The data sre of interest, how-
ever, since they give an indication of the accuracy that could be obtained
with the equapment under different circumstances where location is desired

but is unknown,
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Discussion and Summery

Physiological data from free-livaing animgls and environnmentsl date
related to their activities and behavior can be collected by satellite
interrogations. The IRLS system provades 28 chamnels of information at 12
hour intervals and has the capability for rapidly collecting and processing
a wide range of ecological data from remote unattended locations.

Sensory data collected in this feasibility experiment with a
hibernating black bear showed that the temperature in most locations in the
den remained near freezing, Average temperature recorded in the bear’s
bed was 21.8°C above ouside anmbient, Other poinis in the den were 3°
to 5°c above outside temperatures. After the bear left, average den
temperature was 2°¢ above the average outside aumbient temperature. The
body temperature of the bear reached an equilibrium value of approximately
35.3°C with about & 0.,6° day-night varistion.

Bears lose relatively little body weight during the period when they
are 1n the winter dens; the megority of weight loss occurs between the
tame they emerge from the den in the spring and the time when natural food
becomes plentaful in late June, This fact, together with the relatively
high body temperature of the bear during the winter, indicetes that the
amount of body heat lost within the den is very low.

The den arr Lemperatures measured during this experiment are lower than
mght be expected and show that little heat 1s radiated from the bear’s body.
Loss of body heat by air circulation is low in the still air of a den
sealed by snow, and heat loss by conduction i1s reduced by the insulsting
bed material vhich envelops most of the bear as 1t 1s curled in sleep,

Thus the bear is surrounded by a microclimte, This microclimate is relatively
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confined, as indicated by high temperature readings in the bed and mach
lower readings from sensors located only & short distance away.

Further experiments with more temperature sensors would allow
better definition of the extent of this microclimate and of temperature
gradients near the anmimel, Thermel flux and radiation sensors could be
placed in the bed and in the air strata above the animal to measure
net heat loss., These measurements would lead to a betier understanding
of the energy balance and heat conservation mechanisms of hibernating
bears.

The resulis also demonstrate the way in which temperature and light
sensors could be used in fubure experiments to gather additional informataion
on whether and how often & bear leaves the den in the winter and early
sprangs, movements withan the den, and other behavioral data. With
transmitter amplants, information on body tempersture and heart rate can
also be obtained by satellate ubtilizing TRLS equipment. With appropriste
sensors, obher physiological parameters can be measured and studied.

These technaiques would be of special value in studies of polar bear.
For example, environmental parameters from a number of polar bear dens
scattered throughout the Aretic could be siumidtaneously monitored. Informae
taron about the location, heart rate, and body temperature of instrumented

polar bears obtained with improved equipment and techniques would aid in
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understending the thermoreguletory processes (fritelend, 1970) end biologicel
rhythms in these large carnivores, as well ss thelr patterns of movement
(Flyger and Townsend, 1968),

The IRLS system's Plexibalaity and usefulness could be increased by data
sampling ab closer thsn 12 hour intervals. This could te accomplished by
auxiliary equipment which stores data for leter readout. Use of a timer is
desirgble to turn the system off between interrogetions to extend battery
l1fe.

On=site electronic systems, such as The body temperature system used
in thas experiment, cen be connected to the IRLS system for interrogation
by satellite. However, where on-site recording systems can be tended without
great logastic problems, they are less expensive than the satellite system
and can provide equally acceursie data from & wide range of sensors. ‘The
velue of satellite monitoring increases directly with the remoteness of the
ares where data is to be collected and with the need for near simultaneous
recording from a large number of stations,

A detailed cost comparison of satellite monitoring versus on=site re-
cording 1s Q@ifficult to meke for the den monitoring experiment described,
since the satellite system was designed and funded for mebeorologieal pur=
poses and we merely tapped some of a1ts unused potential., Bobh current and
planned satellaites (Nimbus, ERTS, and others) have dete collection systems
with a2 capgbility whaich greatly exceeds the use that has or waill be made of
them.. They could easily accommodatbte many feasaibalaty experiments like this
one with little additional cost. In the future, as greater use is made of
satellite daba collection systems, the ability of a single satellite to service
mpany hundreds or thoussnds of ground statrons will meke at the most cost-

efficient method of gatherang dates an meny situations,
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Figure 1: Bear den instrumentation with IRLS equipment. Temperature and
light data from sensors placed in the den are encoded and
relayed to the Nimbus 3 satellite.
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Figure 2: Block diagram of the IRLS portion of the den instrumentation
f equipment. The sensors are activated upon command by the
‘ satellite and the resulting output voltages are sampled and
encoded for transmission to the satellite.
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Placement of light and temperature sensors and recorders

inside and outside the den. An additional temperature sensor
and a temperature recorder were located further uphill from the
the den and are not shown.
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Figure 4: Block diagram of the body temperature recording system. Pulses
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picked up by the loop antenna and recorded by equipment placed
outside the den.
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The 1nside temperature remained nearly constant near freezing
wh1le the bear was in the den  After he left, den temperature
decreased and was influenced more hy outside temperatures
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Figure 6 Satellite telemetry data for temperatures i1nside the den
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Figure 7 Satellite telemetry data for temperatures inside the den
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Figure 8 Satellite telemetry data for outside ambient temperatures near
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Figure 10  Comparison of temperature data from several sensors The
decreasing effect of outside temperature on sensors located
further from the den entrance 15 apparent, along with the
influence of the bear's body heat on den bed and air temperature
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Satell1te telemetry data for the 1ight sensors

L1 was located

1ns1de the den pointing towards the entrance, while L2 and L3

were outside
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Average Error = 3 77 km

RMS Error = 4 31 km

Figure 13  Den locations computed from satellite data The known
den Tocation 15 the center of the circie
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Plate 1: Black Bear (Ursus Americanus)
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Fitting immobilized bear with a radio collar so
that he may be tracked to his hibernation den




Plate 3: Moving equipment to the den area by oversnow vehicle

Plate 4:

Base camp near den
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Plate 5: Black bear in hibernation den. The animal is in a
state of hypothermia with a body temperature of
35.6° C (96° F).

Plate 6: Setting up the antenna for the satellite data
collection equipment
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Plate 7: Preparing to carry bear back to den after
the immobilizing drug had taken effect
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Plate 8:

Immobilized bear in
front of den entrance




Plate 10:

On-site body température
recording equipment outside
den entrance. Data obtained
from this equipment could be

transmitted to the satellite.

Replacing immobilized bear
in den after installation
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