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Draft - February, 1972 
F. C. Crai ghead, Jr. 

SATELLITE SPIES ON SLEEPI NG BE AR 

-ti ~ 
Three Men_in a Den , 

L __ - _.) 
A lone fi gure was s i tt i n g on snowshoes. The deep 

snow unmarred excep t for a few human tracks stretched 

beyond him to a dark green barrier of scattered spruce 

and fir. The man's attention was neither directed to 

the immobilizt ng r gun beside him nor to the projectile 

syringes care fully arran ged on a knapsack. Even the 

camera luy idle. Oblivious to his winter surroundings 

he was listening intently, p icking up the sounds and 

muffled noises that seemed to emanate from the earth 

directly beneath him. The voices, though weak, were 

distinct. "Let's roll her over." "Do you think there' s 

room?" " We can try." " Good, now feel alon g the ins i de of 

her le g . Can you detect a p ulse?" " No, I can't feel 

a thin g ." "John, how's her breathin g ?" " A little rapid 

but steady. Now I f eel a. faint p ulse. Hand me the vacuum 

bottle and the needle. Shine the li ght over here: I 

think I've got a vein. There comes the blood. I didn't 

get the fe moral artery but we'll get enough." " Hold 

her head down, she's be ginning to move." "Dammit, that 

stopped the blood flow." " The vial is almost f ull. Let's 

get out of here." "If the drug effects we ar off it's goin g 

to 'be a wi ld scramble wi th all of us packed i n this den 
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with a black bear." "Boy, a m I sweating ." "Jo wonder 

she hasn't built a bough bed--the heat from this thermal 

area keeps the den warm all wi:i.ter." 

The bear growled and raised her head as the flashli ght 

disappeared. John and Maurice were wri ggling their way 

through the narrow entranceway toward the den openin g , 

and just in time. The effects of the drug were diminishin g . 

Control of her jaws was returning. Propelling my way with 

elbows and legs I followed John and caught a . limpse of 

light as he emerged into the blinding g lare of li ght reflected 

from the wintery Yellowstone landscape. As we appeared,
.J 

Charlie Ridenour commented, "I'd give a fortune to have 

had a tape recorder. You should have heard that conversation." 

We had successfully immobilized a black bear in its den 

and had obtained a blood sample, thus making our first 

intimate acquaintance with a hibernating bear.)f!irom blood 

samples of grizzly bears we were obtaining i nformation 

on blood chemistry that might help us understand why _/ 

the bears show no sign of arteriosclerosis ] A blood sample 
(/~ 

from 14 hibernating bleak bear at a time when thyroid levels 

should be low might be revealinB. Using a small centrifuge 

we would separate the blood serum from the red blood cells 

and ship in ice to Dr. Morgan Berthrong for chemical 

analysis. I 
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Bear and Man 

Our research team had briefly interrupted the six 

months' winter sleep of one of Yellowstone's black bears. 

Later, as our studies advanced, we visited other sleepin g 

bears for longer periods of time obtaining twenty-four 

hour (nychtherrnal) body temperature patterns that little 

by little helped us put together some of the information 

concerning the winter sleep of this large carnivore ... 

one that has been intimately associated with man since 

time immemorial, a relationship based on esteem and 

equality. The bear has been hunted since the Pleistocene 

era of the cave bear and our primitive ancestors. Not 

only has he been killed for food but also greatly a,dmired 

and frequently worshipped by adversaries from Ieanderthal 

man to the American Indian. Bear cults and rites, even 

in the present, sym i ze the transfer of the bear's 

strength, ferociousness and courage to his human 

contemporaries. Throughout our modern world, bears 

of different species are sought as trophies, killed 

for food, trapped or poisoned as predators and simultaneously 

admired by enthralled si ghtseers seeking a g limpse and 

photog raphs of this larr;e and fascinatin g humanoid animal. 

We have much to learn from this large mammal that in his 

own way has evolved to meet the same chan gin R environment~ l 

conditions that challenged man. However, the continued 
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close bear-man relationship is now entirely up to the 

discretion of technologically dominant man. 

While resting in deep snow during a steep climb 

to another den, I had momentarily reviewed some of our 

past research with bears and nused over the uncertain 

fate of an evolutionary partaer. 

Now it was nearly time to interrupt my reminiscenses 

and continue to the den above, the winter abode of black 

bear #6. Our expedition members had terminated a three­

mile trek on snowshoes at the base of a steep slope that 

defied further travel except on all fours. Strugglin 

apward slightly more than we slipped back we had gained 

the halfway mark. Here we stopped to catch our breath 

and zip open our parkas. 

Checking the Sleeping Bear 

During October and November we had tracked this 

black bear for 27 days using the radiotracking 

system we had developed for studying grizzly bears. 

Jay Sumner and Jim Claar followed and observed him 

while he selected and prepared his winter den. Now 

in February I was peering through the snow-choked 

entrance to verify that our bear was still sleeping-­

not in the torpor of true hibernators but lethargic 

with a reduced heart rate and somewhat depressed 

body temperature. This black bear could quickly 

awaken from his winter sleep and if disturbed would 

even rush out of his den. If undisturbed, he would 
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doze in his den for six months without eatin g . He would 

live off the thick layers of fat accumulated durin g the 

late summer and early fall months. Efficiently adapted 

for a long winter sleep, he would neither urinate nor 

excrete. The bear seen in the dim cave li glrt was in a 

dormant condition and at my cautious peek did not move. 

We rarely looked in a bear den without having the animal 

open his eyes or growl, an indication that he detected our 

presence. Durin g winter sleep, the bear is highly vulnerable 

to his main enemy, man. Nevertheless, the ability to sleep 

through adverse winter weather when food is not available 

is an advantage in the survival of this large species.I 
\, 

It is an adaptation to adverse environmental conditions 

that mi ght, at times, well serve man. A capability of 

sleepin g lon g periods of time could be an asset on 

extended space flights. Physiologically bear and man 

have much in common. But the bear has attributes we lack 

such as the ability to handle metabolic p roducts whose 

accumulation in man would be toxic. It is not inconceivable 

that if we can learn how the bear hibernates we might, 

with modern technology, duplicate the process ourselves. 

The purpose of this initial winter excursion was to 

reconnoiter and cache gear for a feasibility experiment 

in monitoring a black bear den by satellite - part of our 

lon g range objectives of learnin g more about the bear. 
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Surveying Den Site for Satellite Monitoring 

On leavin g the den site John and I looked for a 

rocky outcrop where we might position an antenna th a t 

would transmit to and receive signals from the orbiting 

Nimbus satellite. On up the hill was a site with a 

relatively unobstnncted view o f the sky. Wi th the aid 

of ropes Harry hauled up the cable spool, Joel and I 

each backpacked a battery, John and Derek the antenna 

tripod and transmitting equipment. By the time we 

assembled the gear it was noon and the satellite was 

passing by unseen hi gh above us. It would pass again at 

rnidhight. On some orbits it would be nearly overhead, 

on others close to the horizon. When low and tb the west 

the hill might interfere with data transfer. Our plans to 

monitor the bear and his den by satellite were progressin g . 

On our next trip we would haul in a loop antenna for the 

den on-site recording equipment, more batteries, temperature 

and light probes, cameras, campin g gear, and equipment for 

instrumentine and immobilizing the bear. We were embarkin g 

on a rather fantastic p roject -- the culmination to munerous 

winters of studying sleeping bears usin g bio-telemetry 

methods. In collaborat i on with NAS A en gineers, we were 

committed to a project to test the feasibility of satellite 

monitoring of temperatures and li ght conditions in the den 

of a hibernatin g black bear. At the same time we planned 

to obtain twenty-four hour or nychthermal body temperature 
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JI patterns from the sleeping annmal, ·in an effort to learn 

more about his thermoregulatory processes. It was both a 

project of great interest and a challenge. 

Former Research Prepares Way for Satellite Monitoring 

Our former research had paved the way for the work 

ahead. We and our colleagues had developed a 32 megacycle 

radio tracking system and employed it to track 48 

instrumented grizzlies--twelve of them to active dens. 

We further exp1lnded the capability of this data gathering, 

electronic system when we inserted temperature probes 

under the skin and in the muscle tissue of free-roaming 

elk and monitored their body temperature fluctultions.in 

summer and during the winter months. Rapid rises or 

drops in temperature were correlated with changes in 

behavior. The same technique was employed with black 

bears. In a cliff den above the Gibbon River we 

located a "hibernating" black bear and immobilized him 

with a drug-filled syringe at the end of a long jab stick. 

This was our first attempt to employ our wildlife-telemetry 

system for gathering physiological information on sleeping 

bears and winter conditions of their dens. 

After this Gibbo~ River bear was injected with 125 

milligrams of sernylan \we flashed a light into the interior 

of the den to observe his reaction to the drug . Our 

activities caused him to back into the iar recesses of 

https://fluctultions.in
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the cave where he moved restlessly about before suddenly 

making a break for the entrance. We attempted to block the 

den openin g with anowshoes but he moved too quickly. 

Suddenly he had joined us on the narrow snowy ledge above 

the river. The warning "watchout" that John had shouted 

ran g in our ears, but what to do? Our situation was 

precarious. Freedom of movement was drastically limited by 

deep snow, and a strong aversion to jumping off 

Within the instant our crew individually but in unison 

moved in one direction - the bear fortunately and perhaps 

deliberatl.ly in the other. He turned and be gan climbing 

a nearby perpendicular snow wall pawing his way through 
✓ 

snow 5 to 6 feet in de p th. Carefully and with difficulty 

we followed him on snowshoes. When we finally overtook 

him he was lyin g ~mrnobilized in the snow. Pulling him 

like a toboggan, we dragged him back to the den entrance 

where we brushed off the snow and proceeded to instrument 

him with a collar-transmitter. While he was anesthetized 

we slipped the radio over his head, shaved a small area on 

the back of the neck, made an incision and inserted a 

thermistor probe between the muscles to a depth of about 

four centimeters. The small incision was then treated with 

an antiseptic and sutured. With this completed I crawled 

into the den pulling the bear headfirst after me while 

outside John and Hank pushed a gainst his fat-layered 

buttocks. The result of our combined exertions replaced 
7) 

--the bear in his Ll:_n sulated cup-shape ? bed but there was 

https://deliberatl.ly
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i7;~ first out the narrow den openin e . With the black bear 
/)J r / ,,,;__ ,,f;Jrr a gain reposin g in his pin)1it~ bed, we descended 

the steep hillside to our tarp rent alon g the river. From 

this vantage point with its fire for warmth and comfort 

we monitored, by radio, the gradual rise in the bear's 

body temperature as well as the temperature of the den and 

the outside air. This was accomp lished b9 countin g 

at definite intervals the pulses or "beeps" per minute 

from our radio receiver. A stopwatch was used and the 
✓ 

greater the number of p ulses the hi gher the tempera.ture. 

These totals were immediately converted to degrees Fi by 

means of a previously prepared pulse rate vs. temperature 

chart. A gradual drop in the bear~s body temperature 

indicated that he was reverting to his p revious lethargic 

condition of winter sleep. 

THE NEED FOR AUTO MATIC . RECORDI NG 

After the bear had returned to a normal condition of 

winter sleep we obtained a 24-hour body temperature pattern. 

Over this 24-hour period the den temperature varned from 

26 to 30 degrees F. but remained relatively constant at 

26 to 28° F. The lower ambient air temper•ture varied from 

15 to 30 degrees F. Durin g a 34-hour recordin g the bear's 

body temperature dropped at ni ght to a minimum of 93.75°F. 

and reached a high of 96.25° F. in the afternoon, suggestin g 
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a typical diurnal-nocturnal rhythm even though the cave 

was dark. While monitoring the bear we remained awake 

to periodically sount the radio pulses per minute, convert 

them to temperature and record in a notebook. By the time 

we had completed our task, broken camp and driven our snow­

mobiles to West Yellowstone we had been without sleep , 

other than an occasional nap, for 40 hours. This gruelingj 
grind was quite an incentive to develop equipment that would 

automatically record the chan ging temperatures. On the other 

hand we did not want to eliminate our contact with the elements, 

the sound of boots crunchin g in cold snow, the brush of 

snowflakes on our face, the flickerin g fire, the warmth of 
ti. >, a d 

a down sleeping bag , the friendly visit of,1--Carrade-P- jays or 

the infiltration of our camp by an audacious marten that 
back 

stealthily cut the leather straps on my~pack and stole the 

steaks we were saving for our last meal . 
...__ 

SATELLITE MO NITO RI NG FEASIBILITY STUDY 

Through NASA we obtained the loan of an IRLS 

(interrogation, recordin g and location system) platform 

used for collecting and transmitting information from 

ocean bouys and weather balloons to satellites. Platform 

is the en gineers' jargon for the remote sensin g , transmitting 

and receiving equipment. It was the electronic gear that 

could be set up and left unattended at a remote station 

such as our bear den. The basic components of the entire 

IRLS system included a plat f orm, equipment aboard the Nimbus 

space craft, and a ground acquisition and command station. 

Sensors f rom the ground plat f orm which we planned to place 
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in a bear den would gather information for transmittal to 

the overhead satellite. The Nimbus 3 satellite being in a 

polar sun-synchronous circular orbit at an altitude of 700 

miles would pass twice every 24 hours within communications 

range of the same point on the earth's surface, in this case 

an IRLS platform at a bear den. We could thus obtain data 

from the bear and den at 12 hour intervals. Our plans were 

to instrument the den with li eht and temperature sensors 

to be interrogated by the satellite and to continuously 

chart the bear\s body temperature on a nearby recorder. 

Prior to each orbit, a g round station at Fairbanks, Alaska, 

would transmit a series of commands to the ilirnbus 3 satellite 

indicating precisely when the den platform, as well as others, 

located worldwide, were to be interrogated. As the satellite 

< appeared within radio view of the IRLS equipment at the den, 

it would transmit a 16 bit coded address signal. Upon 

receiving the signal the platform would reply to the satellite 

thus preparing it to store data. The satellite next 

transmits an interrogation signal and the IRLS platform, 

with its various transducers, transmits information on 

temperature and light conditions to the satellite where it 

is stored until later readout over Fairbanks. During this 

interrogation sequence the satellite also measures the time 

required for the radio si gnal to travel to the platform 

and return information later used to determine location 

of the station on the earth's surface. After completing 

the interrogation the satellite continues on its orbit 
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interrogatin g other I RLS stations, When it completes the 

orbit by p assin g over Fairbanks trackin g station the 

accumulated data are trans mitted f rom sate llite to ground 

station and new sets of commands are radioed to the sate llite 

for the followin g orbit. The collected data is next sent by 

telephone line and micro-wave len gth to the Nimbus data 

processin g center at NAS A's Goddard Sp ace Fli ght Center near 

Washin gton, D.C. In the course o f processin g , the data 

is printed out by computer and then mailed to the experimenter. 

In our efforts to test the feasibiltty of usin g satellites 

f or wildlife research by remote recording o f data from a 

"hibernating " bear and his den we were taking a space-age 

leap from our earlier camp f ire monitorin g , 

GROUND LO GI STICS OF SATELLITE TRACKING 

If we had visions o / satelli tes removin g the back-

breakin g work o f monitorin g bear dens while we sat back a h d ~ 

complacently f or the data to pour in, we were quickly 

disillusioned, oon a f ter assemblin g our field equipment and 

electronic gear in thep.ittle ~ova o f West Yellowstone D ~ 

previous occasions ween we had moni toeed hibernatin e bears 

took off on snowmobiles pullin g sleds laden with skiis, 

snowshoes, campin g equipment, food and th electronic equipment 

needed for our scientific experiments. Five miles out of 

West Yellowstone we lFft our snowmobiles and trekked cross 

country carryin g our gear in backpacks. Harnessed like dogs, 

we pulled the heavily laden sleds, So me of our crew pushed 

while others p ulled as we threaded our way through very 
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dense •tands of youn g lodgepole pine. Vince Yanonne, with 

the bulky plate-shaped antenna strapped to his back, 

often had to step sideways in order to pass between closely 

spaced trees. Joel Varney took off his heavy parka and tied 

it on his sled. As he stepped into the harness again I 

heard him mutter, "and I thought this was goin g to be the 

easy way to monitor a bear den:. Two miles later we 

dropped some of our gear beside a huge rock where we would 

camp and then continued on until our progress was interrupted 

by the steep, snow-covered ascent. leading to the bear den. 

Again stashing the now useless snowshoes and skiis, we 

struggled and crawled up the steep slope with our heavy 

burdens. We grasped every protruding bush or tree to keep 

from slipping backwards. On the uphill side of a large 

spruce trunk I stashed my pack and then traversed across to 

the den entrance. Accumulating snows had closed it since 

our former visit antiil only a slit remained. After my eyes 

adjusted I could detect the dark form of a bear, motionless 

and curled in repose. My silent approach through powder snow 

had not awakened him. But would not the struggles and deep 

breathing of the others still brin ging gear up the steep 

slope do so? I had no doubt that the bear would soon arouse. 

When we were finally assembled we went quietly to work. 

It was a procedure we had performed at other dens and we knew 

just what steps to take and when. While John and Vince 

measured out a dose of the drug sernylan and attached a 

hypoder11ic syringe to a long jab stick, Joel and I unpacked 
~ 'Q_ ~ ) 

the electronic equipment. / \ Derek set up the movie camera at 
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a vantage point, AKaren got ready to take still pictures • 

~at moved to a tree that she could climb and Hory started 

unwindin g cable that would lead from sensors placed in the 
~,M/~

den to the tripod on the ledge above where weA~ ould eventually 

secur3 the satellite antenna. 

Out of the den and down the hill 

Though our preparations had been made as quietly as 

possible, our presence had alerted the bear. A black nose 

and one ear soon protruded from the narrow snow openin g . 

The bear raised his nose and sniffed, turned his head from 

side to side and then backed into the den. Seconds later 

he poked his head out again, nervously sniffing the still 

air 9 Derek was takin g movies, Karen was takin g stills and 

I was taking pictures of Karen takin g pictures. We were all 

concerned lest the bear should suddenly lun ge out of the den 

and run off through the depp snow before we could immobilize 

him with the drug. When he a gain retreated into the den 

. . . .~ . .
John quickly advanced, peered inside, )ll:Qa e JXt.ed the Jab stick 

-~ ! "TT and struck the bear in the shoulder with the hypodermic 
(A/A-r,,/1 ffe ~ rJ/-:~td~ ;11,t ~~~ .,b__ 

need l ~Aan,e backed off fast. Momentarily surprised, the 

bear retreated but seconds later burst out of the entrance 

and plun ged down the snowy slope, stoppin g in a patch of ,/ ~ , 

7>{i__traggly young timber We waited for the drug to take 

effect. Fifteen minutes and we cautiously closed in on the ,,~ 
,r,_ I 1- ..:1~. w,.Z 
pi 1 r ~vv•7 "t"" imrnobilized) ~ ar and the~ wrapped him in a tarp. With 

the entire crew either pulling on ropes or pushin g we hauled 

him back up to the den entrance. Here we swaddled the 

anesthetized bear in a blanket so that his body temperature, 
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affected both by the drug and the cold, would not drop 

too low. The first bear that we had immobil i zed in hi s 

den had a body temperature of 96° F. soon a f ter we 

anesthetized him. By the time we had instrumented him 

f or body temperature recordin gs and put hi m back into 

his den his temperature had dropped to 83.5° F. We 

hoped to prevent this hypothermia produced by the 

combination o f drug and cold. 

Instrumenting the Den 

While other members o f the team were inserting the 

body temperature trans mitter rectally into the bear and 

positioning the chart recording equi pment, I crawled 

headfirst into the cramped quarters o f the rocky den. 

Vince managed to s q ueeze part way in to help me place 

the l ight and temperature probes. J oel Varney h ad previously 

prepared a cable af numerous wires, each terminating in 

ei the:r a photodiode or a thermistor sensor. He fe d 

these into us through a s mall openin g in the side of the 

den. I strategically p laced the sensors throughout the 

den, fastenin g them i n p lace with s p ikes p ushed into 
~ ' h-v,..v\_ 

cracks in the rocks. Te mperature senso ~TA2 was located 
~ ~ -

under the bough bed e eri al and othelj , r l, ,.,Y.::: 3, %-4, 

and /T- 6 were distributed so as to meas 

the front, rear, and sides o f the den. f n~erneath the 

shallow saucer-like bough be d I place§} a large loop 

-------~ .~ 
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antenna which would pick up the emissions from the 

transmitter in the bear thus enabling us to continuously 

and automatically record the bear's body temperature on 

a nearby chart recorder. 

The body terrnperature system that Joel had devised 

consisted of a temperature sensitive transmitter inserted 

in the bear and a wire loop antenna located under the 

animal. The _function ~f__the antenna was to pick up the 
~~ th 

signals from theAbear and transmit the~ to a receiver 

outside the den. ?fi'he receiving equipment was a 

( b;::;-cast band radi receiver with a pulse rate converter ~ t; 
J}d chart 

t 

?' Th body temperature of the bear 

would affect the with resultin g changes in 

the rate of pulses o , The demodulated pulses 

would be counted automaticllly and converted to a DC 

rPvoltage py ~ pulse rate converter thus making it possible 

to continuously record the temperature on a chart. 

As I backed out of the den quarters I placed a li ght 

sensol/i~ on the den wall and pointed it at the entrance 

so it would monitor the amount of light entering the den. 

It could thus be used to tell us when the den entrance 

was closed by snow or opened by the bear movin g out. I 

diagrammed the position of each numbered sensor and then 

Joel and I placed similar sensors on stakes and on trees 

outside of the den - some hi gh, some l~wsnow level, some 

pointing skyward, others toward the snow cover. Because 

the satellite would baly be able o monitor the sensors 

,1A/"{ c7
twice every twenty-four hours ,il~ an re ~ rder:J small 
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clackwer,r driven chart recorders , G_ere laced bo!l:J inside 

and out s i de th e den where they would continuousljyrecord 

@_otii{ the @_enl)an] air temperatures. With the exterior and 

interior den s ensors finally i n place, the rectal trans mitter 

lodged within the anesthetized bear and a chart r e corder 

operat i n g to obtain continuous bo dy tempe rature, we p ushed 

the bear back into his den, closed the openin g with snow 

and climbed on up the slop e to secure the trans mitting antenn a 

and connect t h e cable f rom the den sensors. 

Winter Be a r Den is a 1odi f ied Environment 

For the next seventeen days our visions of workin g 

in heated rooms at other tas ks while the data poured in 

actually trans pired. We even did some downhill skiin g 

instead o f cross country tourin g and winter campin e . Our 

chart recorder powered by nickel cadmium b atteries wa s 

accumulatin g on-site body temperature information and the 

cap s ule-like Ryan temperature recorders were provi ding a 

continuous record of the den and outside temp erature s for 

comparison wi th satellite mon i torin g results. However, 

much o f the work burden had only been shifted to Chuck Cote 

and his en gineers at NASA 's Godda rd Sp act~te r near 

Baltimore, Md. Here the Nimbus satelli te data was p rocessed, 

printed out by computer and mailed to us for an a lysis amd 

interp retation. 
v ~ 

Sensor ~ 2 under the bear's bed informed us ~t 

satellite that f rom the i nitial 1£.. l a cemenfJ tempera ture _of 
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0.5° c. the be d t e . f 29° C. e 

a ten da_ t e b ea. ' s bo •y 

main t i ~ an a " r ,7. r.:; . t er e ,1.tur 

sa e t - !1 d y , e iod . 'T'he tP. ;:-> P t'?..t r e 

o f t 1c d n a , e r ed - 1 .7° C. con ~r ed 

near t h e entrance - - o. 7° C. [Lo r / V, situate~ out i de th 

den . f!!_e :~ een t ar,:h -9 t :1r! hcr:1.v ha t ries ,rn s . in r _cei , i ng 

an +- :i. s , i t t• n; e u i pr. . , w re hal le d to •1e ~t Yellowstone, 

I hour period t h e den t-~rnperature v rie fr0 - 3. ° C. to - 1. l 0 

vari e TOjl -1 . - o 

fl./.),(_ 
::r.e be,j t<:? rn er ture -as mu ch 

higher th an that .eq~ ed by satellite. !~ the Microclimate 

between a very wel l cons tructed a'1d insulated dry pine 

needle bed and the bear we rec r~ d ~ rnax mur temperature 

of 36.0° c., just slightly lower than the body temperature/ 

of the a cti ve and aroused bear. It was clearly evi dent 

from our a ccumulated bed temperatures that the black bears 

rechar e d a. d 
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in h : s 

. d t . 
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.-:z>G ·G f oll •12 · l the P<1.t te l'l o th ~ < - n we ha 

monitored from o ur I in t er ~~np. Ho~ever ove r tweat~- fo 1 r 
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were ''hibe rn a tin E" i n c a l · z d e n vi:r n ., e n t oll'l'n • croclimat 

cons i<ie r a .,_y rec: :,, hei)" prr: 8~r.c . Th 
tf'Wi. ~ . . 

1in t e e d ofl\b e ur E.__o. ] was 2 1~ • • ° C. ovP. 

t e p .• r turP.S. ' Howe v ' Y' ~ t e j r a tur e s & w -re not 

great l y .1 e "' d s gr, s t i n ~ th + l i tt e r e a t • s ::'a diat e ct from 

t he )e r ' bod and th c1 t t.1.e l:e a t l u~, t cond uct ion · s 

min i z e whe n a --,;oo i 1 ~ J ter be d ':1 s bee prep r~ d. 

Vo l ta.P-e y,e r1·. gs f OJTl the li;1:Y <>ens o s -pl cP. 1 out s ide 

~~ "1J -U-~ - ~ 
the den~ v al, .d d2y- ni . _h t vari a t i or~.:'.J, t 1 P. forme r readi n g

J# •
:>k, rr ,r · · about 5 vol t s ... t l , .t. / \. Sens o "l'." Ll:'b i ns de 

from ~'= r ..r y __ 5 t " Marrh ~ ,;,. .e . t ? entrr1ncf..~ q ;rn hloclr 
7Ie flll~vrry 

ll~;\ i. ; ." c a. tP. <. hr1t 't h entran c e 

was 

the b 2. "' d 3;,:;.J e ri~n . Our s ns p jc· ., 1,.,- ... f rt:h e r 

st r en gt h enr.'?d by a;(b ed te m e ~~.-1t1 n:12t li,ost @: e sa I!? ;i} t h a t 
:J¾~a. /~

of t he out side air terripero. t UY'8 . ll f!J!2 '1a r ch :!Jwe h ad ~ un cl it 

neces s ary ti/ rev.is i t a<ne .)e ~ c1en 4 f:~obili ze t h e bea.r F' .d 

inse :rt n ew b ody t.om ~ r atuy,e transmi tt fl'!'." e1s the f irst one 

had f a iled to opP. r ate a f ter 1:r,.nsmi t t.' nrr clat a for 4-1/2 day@' 

Thi s di sturbance h ad caused ·the bea:r to l eave hiR den and 

sllek a new location f or the remainder of his winter sleep . 

The relay of data _froT!l den to satellite to us had i mmediately 

informed us of th is move ment o f a bear iso l a t ed in a wilderness 
~ 

area o f Ye llows ·tone. It as just one e xample of how;f he I RLsj 

system [with 28 channels of informatio could provide an 
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un usurt l cnpa i 1 · t :, :3t r y:.n " ani~c l s 1md t e i :r n vi :ronrnent 

in r emot e _ a · ·:i.0ns . 

t he s_n or data was :i.n;; trans ii· te d , t ~ s atclli t L, o 

ob t a ined is -:,n i o -rma ti.on . 

me a suring t e time u~t ~ e ~An<lin r:h e ;_J t er. ogat~ on 

sign al -<-" . -."J. , th 

a t t :1e Ct:: . T. is a.n .s - . 2a ~e ,en WaS us e d t o c a lcula t e the 

position of th12 c en by proj "' c tin p: an im~ ) .1 i:lr:r c i r cl h0r, 

e arth ' s surra..,~ . t a f o.c t i 11 

oin t s . 'T'hey 

i mp r o a' e one •'.:! l 

F:r r,1 ?.G s u ch l0c :1.t j on ,~ o t ·, · ne on e ,~c <Y i t t .. 

av~?r "gr~ loc ·: :: i o ' r o r 1_; ,1, C G T O b e 2 . ".> f rnj e s • nc'l 

all ·h e po i. ts Hi ~:hi .1 ci r cle of t; . S0 miles rudi us . 

s me locations . 
nr oi. t 12 t}· - pos ·.ti 1 o f t 1e de. . l\l th o 1 h 

the location of th 

gave us an indi 'ati on o f t he accur Cj t .1 c t .nu .d hB .. p ~r.:tp,~ 

\ satellite ,::, q uipment t o t rack a wild free - :".'c:- amin g elk . It 

~ providBd clUE?s and dat a fo r in creas ·nR location accuracy . 

Body Temperature Recordings 

While d e n a.nd bed t empe ratures were bein '?; mon ito "'d 

twice eve ry twe n ty- four ho urs by N:.mb us II the bear' s 

https://a.n.s-.2a
https://o-rmati.on


.

21 

b o dy tP.mp~ r r~ ~ - con i n 01s l ·ecor ed y t ,e h a r 

re c o r er r ,=u-1 5nsulatecl box nea.P t .. r-_ rlen i t> . . ~ V E' .' 

~ 4-1/ 2 ay r~~i ~yfhe b e ....t ' ( y t .r A.t: u e l(" ell ( o f 

D " around 3 • 30 . , C :), . 1., .._~ _ p t t i'l t f th(~ Gibb fl _,_ ve r 

.]4 • ll a n d 35 . ° C. 
, ~ 

t ra1 erature1 dur. .1. n e 

, c t:1 ve Je r i summer . Thi . 

t ue " h ·_b -rna"t o ~" ; t , t- i.. 

s o l o ~t nprro - '2S 

'T' l P. h. ~r , t!1ou , n a. 

b e q uick' ..._ , J<: -H "'U t o ,. ; ti.,, . t :rt . 1 .i ) , 

a ·- ro . 

st e 

with out a re uction •. n e t a olic l evel ne e . s ea y 

smal ler an i mal s. LA.ls we have f 1md t hrou J d n tempe rat ur e 
ttlaA- - • v~ 

s/l the b e ar h ns a l w ~.e ,al C t"ln octan ce an d 

p rob ab l y can not i'.'e a ch and main t ain a body t empe rature near 

the a bi nt air tempera tu r e . 



2 

.,re t edu': hi s 

In C t ' .:.lSt C ' .e r 

lo..;, as - .12 d r in , •1iri.t . r s 1 -

The use of an e a.rth -o!'bi tin satellite to monitor 

a bear den re veRlerl the feasi ~li ty of appl, i ng this data­

gatherin ,, R :_,.,t i:::1. to s 1 , in ., animals im dtbbitr i mme di at e 

e n vi ronr1ent .:m d ..,.v ,n t e • r- nhys i olo ,o;i.c"i l f ;m ct ·.one 

si , u ltaneo 1:· l y an d • n renote n i n r1 ccessible rcas o 

,'\J.r::o , i .:, for i ti,n r:: -3.n e a lmo t s; rnult aneo usly gat hered 

ro num r ow; i n :; tru..ent e c aninals distri ute d ov _r an ext e nsi ve 
r . 

area. ·x~ noleH , f such i'\11 ,,. n licat ·.on mi h t be t:he r:lobal 

stu \I ,f Dol~r b er-lr.·, .-,tu y o · th rni .-r ...: tion o f cav,ibou or 

It he - CV J e nt -F ," f ·r j 1; ;11 ~.len ?.nts.' 

t ,t t h ~ b . 2_r den ~ a. h .nS0 7' W R R sa. le rl f iv t imes' 

at 1 . 5 mi¥1 t e inte ~--vn. l s t · •i. ·, 1~ e ver , twen t y - ur h u:rs . I n 

0many ins t ances a mp l ing rn re f requent ly than eve r y twelve 

a ux ili.a ::--y e riuipment des i ,,, e d to ryeri odica l ly -reco r rl anc 

store <ictta f or later r rans miss i on ::,_n d rea 'out. 

The use of 3atellites to r,at her a. w:.de ran e o f 

ecol o ~ical data on a l o cal, ~e gi on al or worldwirle basis, 

ei t her with a foc us on basic re ·earch or on management , 

has t remendous potenti 1. Development of SMall transmitt ~s 

s uitable f or us~ o animals and even bird~ i s underway . 

https://inte~--vn.ls
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With th e s e , St ate fish and ame e part ents could utili.e 

exa nl'=, !' F:n i).11~ el - ,-; ~J ' n t ::. .:. ,,is c ·,t.lcl t, j 1 t· di nt ly 

r 1 ... - t e 1::i.:',:-d ...d ..::-•. ) o ,,,;,~ f.-! .i. : n v - )r s~~ u 

\n e e '1 . \Ja t ., _:,_ t • on s . :: reT' c, t e '..l e t i n s o .,.. 

ive s could ~e ~onJ o 

I 

t"pes " _) r i .1: Ji t'1 )t hC> ~ )cl ,>J~ (!t°•"rS (;()!l G. b0 :nod t o ,,,..,, -'- o 

i n e ' i a te f .i. re za r . 

1,:~ fu 

d ., 0 11 

I 
( 

y .. i v2· e n , 

res e cti 

t ol . • , ·-:: , .J v:i. :'.'t ~ thP. -ro · 1 , ur ., en tly 
nd__ • v /~I-Wi ,.,.;.i ~~ 

r a.c e;r ·~ --o , ' ! :"" V j · 2 ~-d . h c. 11_ uc1li t y l :i.fe 
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