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CHAPTER VII
HIBERNATICON AND THE INNER BEAR

In January of 1963 we webbed through deep powdery smow that had sifted down
through the lodgepoles until it oovered the forest floor to a depth of 8 to 10
feet. We entered the timber where a small blaze high on a tree told us we should
start our course, following a bearing of 2b,0°. This would lead us back to the
three-forked lodgepole that towered up over the den where grizzly No. 164 was :
sleeping. We sank deep in the fluffy snow as did the mart_en whose ‘tracks occasion-~
ally orossed small openings then vanished as this arboreal predater took to the ;
trees in search of red squirrels.

The north facing entrance to the dem of the female grizzly was covered with
snow except for a tiny opeming through which some warm air escaped. It would have
gone undetected had we not known just where to look. After compacting the snow,
we removed our snowshoes and used them as shovels. Before long, a sleepy growl
that could be interpreted as a groan, followed later by another with ominous over-
tones of a warning, made us desist, think the situation over and decide to leave
No. 164 alone. We had returned with_ thé hope of determining whether she‘hﬁs.":}aa.rr 4/:/J
T4mme with her and to evaluate the situatiom for later study of the sleeping bear and
her winter den environmenf. We were not what might be called mobile should the
aroused grizzly charge out of her den; in fact, we were quite helpless. Unable to‘
Tun, our only alternative would be to shoot in self defemse. An immobilizing dart
would not take effect in time.

Not wishing to put either our own or the sow's life inv,jeopa.rdy, we relnczntly
buckled on our smowshoes, shouldered our packa and retraced our steps. Perhaps
another year, I thought, we will find a den more amensble for studying, or a bear
in a more dormant condition. We mweded a situation where we could immobilize the
grizzly at least once and instrument the den and bear for temperature recordings.
This den quite obviously would not suffice and as we threaded our way through the

trees, I was not at all sure that we would eventually find one that would meet our




requirements.

In the meantime, we could perhaps study the winter sleep or hibernation of the
black bear. This member, Ursus americanus, of the bear family was in no way ®o
aggressive as the grizzly nor was he so powerful. Above all, his instinct when
cornered was to flee rather than attack. He did not have the grizzly's trait of
complete lack of fear for that awesome species, Homo sapiens. There were mamny
things that we could learn about black bear dens that would apply to the grizsly.

Why not, we thought, start our den studies with the black bear until we could

safely work with a grizzly? Several years later whén we returned to one of Marian's ‘
snow covered dens, we were still unable to immobilize a grizzly without risking herfj
life and Marien was not an aggressive bear as grizzlies go.

The black bear has evolved curved claws that enable him to nimbly climb almost
any tree whereas the grizzly is mnot adapted for climbing. Instead, his long front
olaws are ideally su.i"ced for digging. It may be that the ability of the black
bear to climb and thus escape many dangers has made him less agressive than the
grizzly who must face a challenge or turn and runm. At' any rate, there is a tremendous
difference in the téxpoznents of the two animals and as might be expected, the |
black bear is more at home in the timber and prefers this habitat while the grizszly
is fond of and quite at home in open country---meadows, bﬁm, sagebrush habitat
and oéen expanses above timberline. Because of his fapcility at digging, the
grizzly emcavates, shapes and completely comstructs his winter dem. The black
bear nsuﬂ.ljr seeks out a natural ocave or shelter which he may modify or use as is.

The black bear has two distinctive color phases - black and cinmamom,- but the
term black applies ‘to both colors. Many black bears sport a white V-shaped collar.
Many young grizzlies also have collars but they are mot V-shaped in front amd they
tend to disappear as the bear ages. Grizzlies have a distinctive shoulder hump,
black bears do not. The grizzlies' face tends to be concave or sauncer-like while

‘the blaock bear's is the opposite, being comvex.



In general, grizzlies are much largér than blacks. The average Yellowstone
male will weigh 500-575 lbs, varying between spring and fall, the female 300-3801bs.
and a large one will go as high as 500 1lbs, a male 1000 to 1200 lbe. The largest
we weighed was 1120 1bs. The average male black bear weighs about 200 1lbs. and the
female a quarter less. A few of the largest black bears on record have weighed
over 600 1lbs. but this is exceptional. Like the grizzlies, their weight varies
from spring to fall reaching a maximum just prior to hibermation.

The two species of bears inhabited most of the Forth American continent from
the Atlantic Ocean to the Pacific from the Artic tundra to Mexico. Primitive man
worshipped the bear and so did some American Indian tribes. In some instances the
bear was hunted and killed as a token of courage and tribal status. In such en-
counters the bear frequently came off the victor. Other tribes would not kill a
bear. Much of the awe and reverence that men held for the grizzly may have been due
to the fact that the bear resembled man in many ways. Like men, the bear can rise
to a standing position and like men, they_walk on the soles of their feet. The track
left by a hind foot though large, resembles man's. A skinned bear has an exception-
ally human appearance. In physical featé, the bear could outdo his human competitors.
He could run faster, swim better, his refléxes were faster and he could travel with
uncanny silence and stealth. While man struggled to get food and keep warm during
the long severewinter, the bear slept in comfort, living off his fat which supplies
about 3500 calories par pound. The food that produced the fat was obtained by a
minter and forager even more efficient than the best of men  The bear exhibits
truly remarkable adaﬁtations to 1life in his natural enviromment, ddapboticl.—bo
Liforimhie-natural—enveonanand , adaptaticns_ far superior to many of man's.

When incofrigible grizzlies dangerous to visitors or nusiance black bears were
killed, we performed auntopsies on them; This work was done in collaboration with
a life-long friend, Dr. Morgan Berthrong. It was he who from our samples first

noticed the complete lack of arteriosclerosis in the ooronary arteries. Then through




T miocrosecopic studies he found the large, medium and small arteries to be totally

|
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free of arteriosclerosis. These findings led to blood chemistry studies to see
if we could determine why the bear, unliike man, was not afflicted with arterio-
8clerosis. Perhape it would provide us with a better understandiﬁg of this
disease in man. In vursuit of this work we routinely collected blood samples
from momt of the grizzly and black bears that we captured. We had numerous
samples taken in spring, summer and fall, but so far mone in winter from hiber-~
nating bears.

In the high Yellowstone plateau country most black bears are in winter dens
well before the grizzlﬂsretire. First one goes in and does not appear, then
another until even the tardiest sleeper is slumbering. The grizzlies tend to
enter to—embex winter dens protty much at the same time and this unanimous urge
to retire seems to be triggered at least in part by a snow storm or blizzard.
Often black bear tracks led us to their winter dens. Never did we locate a
grizzly den in this way . _ ;

Thus in the fall of 1967 with smow on the ground and Sser stesm in the air,
we followed black bear tracks to a éave opening near thermal pools in the viecinity
of 0ld Faithful. The bear glumbered while the snow depth increased, elk and buffalo
moved less freely and centered their activities around thermal areas relatively
snow-free. Whilc thesc animals west of the contlnwnta. divide congregaté‘in small
resident herds where limited winter food was available, the elk herds of Haydan
Valley migrated to the Lower T.amar Vall 2y and left the lush forage to a few sturdy
bison ready and carable of digging down through layers of snow to feed on it.

Winter had well advanced and a coldness and uniform whiteness, sometimes in
deadly calm, at other times swent by chilling horizontal winds, characterized the
enfironmalt. Solitude was both at hand and afar. Over this frozen whiteness, a
raven flapped undiaturbed by countliess snow particles hlttlnn his eyes, or were

8y protected in flight by the nlctitating membrane? I wasn't sure. 'I only knew

that while almost all other life quietly waited out the storms the raven often revelled
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in their presence, rolling, diving, banking in the winds as though it was just
another balmy spring day. The approaching raven dipped low, apparently curious
about the single human form beneath him. Instinctively the raven knew that life one
day mizht be food for him the next. He continued on but with a piece of data stored
in his memory bank.

Beneath and behind his disappearing fomm, a2 lone figure was sitiing om snowshoes.
The deep snow, unmarred except for a few human tracks, atretched beyond him to a dark
green barrier of scattered spruce and fir. The man's attention was neither directéd
to the immobilizing gun beside him nor %o the projectile syringes carefully arranged

on a knapsack. BEven the camera lay idle. Oblivious of his winter surroundin;s he
/////"
‘ ‘ it

was listening intently, picking up the sounds and maffled 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 along the inside of her leg. Can you detect a pulse?"

"No, I can't feel a thing."

*John, how's she breathing?"

WA little rapid but steady. Now I feel a faint pulse. Hand me the vacuum
bottle and the needle. Shine the light over here: _I think I've got a vein. There
comes the blood. T didn't get the femoral artery but we'll get enough."

"The vial is almost full. Let's get out of here."”

"If the drug effects wear off, we'll have to gcramble."

Three of uS/;zzzed in this small stifline den with a large black bear and all
were profusel& sweating. |

"It's no wonder she hasn't built a bough bed", I thought. "The heat from this

thermal area keeps the den amply warm throughout the winter."
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John and Maurice were wriggling their way through the narrow entranceway toward
the den opening, and just in time. The bear growled and raised her head as the
flashlight disappeared. The effects of the drug were diminishing. Control of her
‘aws was returning. Propelling my way with elbows and knces, I followed John and
canzht a blast of light as he emerged into the blinding glare of light reflected
from the wintery Yellowstcne landscape. As we sppeared, Charlie Ridenour commented,
"I'd give a fortune to have had a tape recordsr. You should have heard that conver-
sation."

Charlie might not forget that conversation. the three of us would never forzet
the experience. . Unique or anusual experiences are a form of anrichment tha! can be
sought out and accumulated. In the course of a ‘ifetime, you can lose wealth and
possessions. Power, srestige and status may be fleeting. Almost anything one
cherishes can be lost or taken away. An experience, unusual, pleasant, thrilling,
awe-inspiring, inpr-ssionistic becomes a part of the individual. It can not be lost.
It is something he and he alone keeps and relives umto death. In seeking a good
life, greater emphasis might be placed on experience rather than material possessions.

We had successfully immobilized a black bear in its dem and had obtained a
blood sample, thﬁs making our first intimate acquaintance with a hibernating bear.

A blood sample from this hibernating black bear at a time when thyroid levels
ghould be low might be revealing. Using a ﬂﬁall centrifuge, we would soon separate
the blood serum from the red blood colls and later ship it in ice to Morgan for
chemical analysis.

An hour hefore we auccessfully obtained = blood sample from the hibernating

bear, our movements and tranping around at the den sntrance had aroused her. Her

body temperature rose a few degrees, the became active and perhaps throuzh curiosity

looked out the den opening. We hit her with a drug-filled dart. She frowled and
returned to the blackmess of her cave. A half hour later we thought the bear should

be immobilized and'helpleés. We thought she éhould be: the problem was, we didn't

now. RNevertheless, John, Maurice and T crawled into the narrow entrance and




squirmed through the dark and confining tunnel guided only by a flashlight. The
tunnel seemed to extend on and on. It turned out to be nearly fifteen feet long,
terminating in a chamber only slightly wider than the tumnel itself. While pro-
pelled slowly by my worm-like movements, T heard John say that he'd reached the
bear and she was out. Then I, too, was in the chamber--low roofed, the walls
reddish in color, the air heavy and moist from the nearby thermal spring.

The inside of that dem with the dark formless shane of the drugzged female
bear occupying most of the space is still vividly etched in my nind. Under similar
circumstances, we could never have dared to push our way into a grizzly's sleeping
chamber. We tried it with the grizzly we called Lucky, 'severa.l times with Marian,
with No. 101, and the pregnamt female, No. 187. The response was always growls and
activity .w: “hin the den, am arcused alertness. This combined with deep snow that
hampered fast movement and the aggressive nature of the grizzly, mut a damper on
our enthusiasm to immoblize amé instrumeni the den occupants. Now and ot least for
awhile, we were compromising by working with the black bears. In the meantime, we
were developing transmitters and techniques that would enablie us to implant a temp-
erature sensitive trensmitter in a srizzly captured in fall, thus eliminiating the
hazards to both bear and man of an attempted immobilization in a winter den.

With modification of the telemetry system, we were usin~ to track grizzlies,
we planned to monitor temperature conditions in the den of a hibernatine black
bear. At the same time, we proposed to obtain twenty-four_hour or aychthermal
body temperature patterms from the sleeping animal in an effort to learn more about
his temperature regulating pfocesses. Just a‘;s in mmans these 2lj-hour temperature
thythms would give us insight into the winter physiology of the bear and inform us
of the times when he was most letharzic or most active and alert. Wowld it be during
daylight hours or late at night? Most but not all Deople are day oriented but bears

unbroken
are more active at night. Would the/darlmess of the cave tend to change the bear's
pattern? How low would the bear's temperature drop from the 101° P. normal during

summer activity?




The winter work ahead was of gzreat interest to us, offered new experiences
end a challenge. Our previous research had paved the way for the work to cone.

Joel Varmey had improved our telemetry system so it had a capability of transmitting
temperature date when we inserted tiny temperature probes (:hermisﬁors) under the
skin and in the muscle tissue of free-rcaming clk. In this way wejhad monitored
their body temperature fluctuations in summer and during the winier months.

Now we were ready to employ the same technigue on a black bear that in November
we had tracked to & winter den. In January at the cliff den above the Gibbon River,
we immobilized the bear by jabbing him with a drug-filled syringe at the end of «
long stick. This was close guarter work and we were not sure how the bear would
react. Would he ignore the needle injec‘uion and reirea further back in his den
or would he charze? And how would we react if the bear rushed out of the den? The
problem was definitely on our minds but we had not determined a course of action.
Foui of us, John, nyself, Hank McCutchen and Klaus Nielsen were crowded on =2 tiny
ledge leading to the den entrance. Dach of us would have to make his own decision.

After we iniescted the bear with the drug, sernylan, thére was a rustling move-
ment, then all was quiet. Lying on my st-mach, I flashed a light into the intexrior
of the den to observe *he bear's reaction %to the drug. This first caused him to
retreat into the far recosscsz of the cave where he moved restlessly about hefore
making a.fast hreal: for the entrance. Our attempt to block the den opening with
snowshoes fai'ed Tle moved 0o quickly. ©Suddenly he had joined us on the narrow
snowy ledge above the river.

The warning, '"Wetch out!" that Joha had shouted rang in our ears, but what to
do? Our situation wes precarious. TFrezdom of movement was drastically limited
by deep snow; and a strong aversion to leaping off into space. Within
the instant our crew iﬁdividually, but in unison, moved in one direction--the
bear, fortunately, and perhaps deliberately, in the other. He turmed and began
‘climbing a neaiby perpendicular snow wall, nawing his way through snow 5 to 6 feet

in depth. Carefully, and with difficulty, we followed on snowshoes. When we




finally overtook him he was lying immobilized in the snow.

Pulling him like a toboggan, we dragrmed him back to the den entrance where
we brushed off the snow znd proceeded to instrument him with a collar-transmitter.
While he was under sedation, we slipped the radio over his head and inserted a
thermistor prove through a small incision in the skin which was then treated with
an antigseptic and sutured. With this completed, I crawled into the den pulling the
bear headfirst after me while outside John, Klaus snd Hanlt pushed againut his fat-
layered buttocks. With our combined exertions, we replaced the bear in his bed but
there was barely room for the two of us in the rocky den.

Nevertheless, I took time to look and mrvel at this bear's beautifully consfructed
bed. I also recorded a feﬁ measurements. The insulated bed was eighteen inches deep
by thirty inches in diameter, cup-like in shape with nearly perpendicular wells
against which the bear's boly fit quite snug}y. Within the confines ¢of the thick
accumal.ation of bed materiél oonéisting of a porous'mixture of dry pine needles and
finely shredded twigs, the bear had been hibernating as thouzh enveloped in a down
sleeping bag. This particular bear, I thought, must be 2 master in the art of making
beds, To exit I slid over the bear's body, carful not to disturb the bed, and
wriggled head first out tlie narrow den opening.

With the black bear again reposing in his pine scented hed. we descended the
steep hillside to our tarp tent along the river. From this vantage noint with 'a (fire
for warmth, we monitored by radic the zradual rise in the bear's body temperature as
well as the temperature of the den and the outside éir. This was accomplished by
countines at definite intervals the puls=zs or "beeps' per minute from our radic re-
ceiver. A stopwaich was uscd and the Treater.fhe ngmber of talses, the higher the

temperature. These totals were immedistel!y .converted to degrees F by means of a pre-

o

viously prepared pulse rate vas. temperature chart. A gradual drop in the bear's
body temporature indiceted that he was rvevertin +to his previous letharsic condition

of winter sleeu.
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After the bear had returned to a nornal condition of winter sleep, we obtained
:

body temperature patterns. Over one 2h-hour period, the den temperature remained
relatively constant at 26 to 280F. while outside air temperature varied from 19 to
30°F. During the same period the bear's body temperature dropped to 2 minimun ofv
9hOF. at night and reached a high of about 95°F. in the afternoon, suggesting a
typical high day-low night rhythm even though the cave was relatively dark. In
still darker dens, a diurnal rise in the bear's body temperature did not occur.
The most significant changes in body tempersture occurred in response to disturbance,
the greater the disturbance, the more the temparature chaned. When undisturbed
the bear's body temperature drops as the den temreraturé declines. During en
unusual cold spell, one bear's temmerature reached a low of 89°F. after which it rose
to over 90°F. even though the den temperature continued to drop. It appears that
89OP. is about the lower temperature limit the bear can safely tolerate after which
a spontaneous arousal takes place in response to a metabolico increase.

While monitoring the bear in the cliff den, we remained awake to periodicaily
count the radic pulses per minute, convert them to temperature and record in a
notebook. In order to obtain a 2)-hour temperature pattern, break camp and return
to West Yellowstone, we went without sleen, other than an occasional nﬁ:, for LO
hours. This grueling grind wes quite an incentive to develop equivment that wo.ld
automatically record the chanwing temperatures. On the other hand, we did not want
to eliminate our con®act with the elements, the sound of boots crunching in cold
snow, the brush of snowflaies on our face, the flickering fire, the warmth of =
down sleeping bag, the friend)~ visit of Canda Jays or the infiltration of our
camp by an audacious marten that stealthily cut the leather straps on my back pack
and stole the steaks we were 8avinz for ourllast mesal .

While we were monitorins the body temperature of the Gibbon River black bear,
Marian was giving birth to a litter of three cubs. In the fal. of 1367 we felt cer-
tain that Marian was pregnant and we loocked forwarﬁ to visitings her winter den after

parturition when hopefully we might see her tiny helnless youns. TIn late Sentember
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her radio transmitter had failed and we lost the chance “o irack her to a natal den.
Our studies of the hibermating black bears were giving us some idea of winter e n-
ditions in the grizzly dens. We 'ocnted Merian's den shelteri & the sow and her
three large cubs in the fall of 19683, but immobilizins four grizzlies simultaneously
seemed only remotely possible and we had no intention of vlacing ourselves in a
position where we might have to gun Marian down in self defense. Marian, as we
shall see, did not dig a den in 1969 nor did she hibernate in 1970 when, elactironi-
cally speaking, we took a big step forward and radio monitored a black bear and hisa
den using the ¥imbus satellite, a repidly moving man-made star in the sk,

During October and November we had tracked black bear, No. 6 for 27 days using
the radiotrackin; aystem we had developed for studying grizzly bears. Jay Sumne;
and Jim Clea:vfollowed and observed him while he selected and prevared his winter
den. FNow in February T was peering through the snow-choked entrance to verify that
our bear was still sleeping--not in the torpor of true or deep hibernmation but
lethargic with a reduced heart rate and somewhat depressed body temmp rature., The
black bear as we had learned could quickly aweken from his winter sieevp and if
disturbed would even rush out of his den. If unmolested, he would doze curled in
his den with 1itt e movement. He'd go five months Qithout drinking or eating. FHe
would live off the thick layers of fat accumulated during the late summer and early
fall months. Efficientiy adapted for a longz winter sleep, he would neither arinate
nor excrete. The bear Seen in the din caveklight was in a dormant condition and at

my cautious peek did not move. We rarely looked in a bear den wi‘thout having the

.,

1

animal open his eyes or growl, an indiéntinn that he detected our presunc-.

During the winter sleep, the bear is high?y vulnerable to his main enemy. man.
Nevertheless, the ability'to 8leen through advers: winter weather when food is not
availeble is an advantage in the survival of this large species. Man hes adapted
to changing conditions and has freed himsélf, at least tempora.r.r, from the vicis-

situde of cold, drought, food shortages, porulation pressures and a host of other

disabling forces by alterinsg his environmen‘. ™e bear, more 8o than man, has




himself adapted to changing environmental factors. He is a marvel of biological
adaptation of physiological and chemical perfection developed to cope with existing
natural environments. However, he is gradually losing out £ the rapi'! changes
man is now making in the environment and he canmot cope with man's highly developed
and sophisticated technology of killing.

Hibernation in the bear is a complex adartation to adverse environmental con-
d itions that might, a® times, well serve man. . canability of sleeping long neriods
of time could be an asset on extended space flights. Physiologically, beszr ind ;
man have much in cormon and the chemica! composition of the blond is much the sams.

L

: +he bear has attributes we lack such as the ability to handle metabolic pro-

3

ducts whose accurmilation in man would be toxic. This may be slated to the unusual

B

lobulation of the kidmeys. It is not inconceivable that if scientists can learm
how the bear hibernates, we might, with modern technologr, duplicate the process
ourselves. The purvpose of this inital winter excursion was to recomnoiter and to
cache gear for s feasibility experiment in monitorins a black bear den by satellite-
part of our long range objectives of learning more about the bear, particularly
those secluded and isolated during win.er 3leep.

3

Our expedition members terminated = three-mile *trek on snowshoes at the base
of o steep siope that defied further travel except on all fours. Struggling upward
alightly more than we slipped back, we had cained the halfway mark. Ve vere omn a level
with the bear den. Tere we stovped to catch our breath and zip open our parkas.
Before climbing higher John and I looked for & rochJ_outcrop where we might position
an antenna that would tramsii® $o and receive sismals from the orbit ng Niabus
gatellite. On up the hill was a site with relatively unobstructed visw ot &t
gky. With the aid of rones, HarTy hnn‘eé_un the cable spool, Joel and T anct
bagl-racked a battery, John and Derek the amtenne tﬁipod and transmittinz equ nment

ing by unseen

o)

By the time we assembled the gear it was noon and the satellibe was nas
high sbove us. It would comnlete another orbit of the earih about every hour and

three guarters and it would pass over us ~gsin at midnight. On some orbits it would




be overhead, on others close to the horizom. When low and to the west the hill might
interfere with data tramsfer. Our plans to monitor the btear and his den by satellite
were progressing. On our next ascent, we would haul un a loov antemma for the den,
recording equipment, more batteries, temperature and ligsh+ orobes, cameras, camping
gear, and equipment for instrumen+t ing and immobilizing the bear. We were embariing
on a rather fantastic project -- the culmination to numerosvs w nters of studying
Sleeping bears using bio-telemetry methods. ™n ool aboration wsth NASA enginears,
we were committed to a project to tesi the feasibility of satellite m onitoring of
temperatures and light conditions in the den of 2 hibernating black bear. At the
same time we vlanned to obtain body temperature nzatterns from the gsleeping animal,
Through NASA we had obtained the loan of an IRIS (interro;fation, recording and
location system) platform used for collecting and transmitting infomation from
ocean bouys and weather balloons to satellites. Piatform is the engineers' largson
for the remote sensing, transmittine and receivin: equinment. Tt was ‘he electronic
gear that we were setting up to leave unsattended a* our bear den. Sensors within
the den would zather information for transmittal to the overhead Nimbus 3 satellite
in a polar orbit 700 miles above us. Twice every 2l hours the satellite wou'd pass
by and interrogzate the instrumented hear den. Ve could thus obtain data from light
and temperature sensors at 12-hour intervals. '\n"e would also continuously chart the
bear's body temporature on a nearby rezorder. Prior to each orbit, a ground station
at Pairbanizs, Alaslia, would transmii comnends {o the satellite indiecating the nre-
cise time when the den platforn was to be interrogated. VWhen the satellite was
within radio view of the squipment at the den, there would be an exchange of signals
and the IRLS platform would transmit the sensor reewimed information on temperature
and lizht conditions to the satellite. Heve it would. be stored until later readen .t
over Fairbanks, Alaska. The satellite w uld also measure the time required for the
signal to travel to the platform and return: information la‘er used to determine
location of the station on the earth's surface. When the satellite coﬁplotes the

orbit by passing ave,“ Mairbanks tracking station, the accumilated data are transmitted

to the ground station and new sets of commands are radiopd to the satellite for the
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following orbit. The collected data ia next sent py telenhone lines and micro-wave
to the Nimbus data processing center at NASA's Coddard S»ace Flight Center near
Washington D.C. In the ¢ urse of processing, the data is arinted oul by computer
and then mailed to the experimeter. In our effarts to test the feasibility of

asin~ satellites for wildlife rezeach b remote recordinc of data from o '"hibernating”

bear and his den, we were laking 2 SDace-ag” 1ean “ron our eariier campfire monitoring.

Tf we had visions of

@

atellites removing the backbreasing work of monitoring

bear dens while we sat back and woeited complacently for the data to pour in, we - -were

quickly jigillusioned. Soon after aggembling our field equipmen: and electiroiio

vear in -he 1little town of West Yellowstone, we Honix ofl on anowvmobiles ol in nieds
& 9

e

laden w.th sizis, snewshoes, camulng equinment, food and the electronic equipment

needed for our experiments.

Pive miles out of West Yellowstone, we left our gnowmobiles and {rekiged crose
country carrying our gear in backpacks. Iarnessed like dogs, we .
laden sleds. Some of our crew pushed while others pulled as we threaded our woy
through very dense gtands of young lodgepole npine. Tinece Yanonne, with the bulgy
plate- '.":”a: antenna stranped to his bacs, often had to step sidewsy:s in order to
pass beiween closely spaced trees. Joel Varnmey took off his heavy narica and tied

it on hiz aled. As he ste in%o the harnces again I heard him mutter, '"fnd I

thought this wap goin @ %9 be <he easy way Lo monitor a bear den.’

mwo miles later we dropned soue of our pear beside a huge rock where we would
camp. We then comntinued wptil our prosress was inbe syrunted by the sieen, INOW -covered
ascent leading to the bear den.  Ajain gtashing “he now useless snowshoes and skis

we struggled and crewled ud tlie steen slone with our heavy burdens. we graspe 1 every
protruding bush or tree *;bo. een i‘ﬁ:or:w slinping backwarde. On the u phili adde ol

large gpruce trunk T dronped my nack; then traversed across o thoe den entronce.

Accumu ating snows had closed it since our former visit until on.y a sliit remeaned.
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After my eyes adjusted T could detect the dark form of a bear, motionless
and curled in repose. My silent avnroach throuch powder snow h2d not awakened him.
But would not the struggles and deep breathing of the others stil! bringing gear up
the steep siope do 80? I had no doubt that the bear would soon arouse. When we

were finall;

7 assembled we went quickly %v worik. It was a orocedure we had )frff'med
at other dens and we mew just what stews to lake 2nd when. While John and Vinee
and Jay measured out a dose of the drug sernyl.an and attached a hyvpodermic syringe
to a long jab stick, Joel anl I wmpacked the elctronic equipment. John's son, Derek,
sef up the movie camera at a vantage point, and his daughter, Karen, got ready to
take still pictures. Pat moved to & tree that she could c¢limb and Harry started
unwinding cable that would lead from senscors placed in the den to “ha ledme above,
where we had placed the satellite antenn: .

Though our preparations had been made as quietiy a8 possible, our presencs
had alerted the bear. A black nose and one ear soon protruded from the narrow snow
opening. The bear raised his nose and sniffed, turned his head from side to side
and then backed into the dem. Seconds later he poked his head out azain, nervously
- sniffing the gtill air.

Derel was taking movies, Karen was taking stills and I was fa-ing pictures of
Karen taking pichges. We were 2ll aporehensive lest the bear should suddenly
lunge out of the den before we could immobilize him, leaving us only tracks in the
deep snow. As he reireated into the den, John quickly peered inside, poised the jab
stick and struck the bear in the shoulder. With the momentum of withdrawing the syringe
he backed off fast. Momentarily surprised, the bear reireated bu: seconds later
burst out of the entrance and vlunzed down the snowy slone, stopping in a2 patch of
brush.

We waited for the drug to take effect before we cautious!y closed in on the
motionliess bear. We wrapped him in a tarp and with the entire crew either pulling
on ropes or pushing we hanled him back up to the den entrance. Uere w swaddled

the znesthetized bear in a blanket so that his body temverature, effocted both b



the drug and the cold, would not drop too low. The first bear thet we had immobilized
in his den had a body temperature of 960F. goon after we anesthetized him. 3By the
+time we had replaced him in his den, his temperature had dropped fo QB.SOF. We

hoped 4o prevent this hypothermia nroduced by the combination of drag and cold.

While other members of the team were inserting a tiny body temperature trans-
mitter rectally into the bear and positioning the chart recording eruipment, I
crawled headfirst into the cramped quarters of the rociy den. Vinecs managed %o

tiny
squeeze part way in to help me place thepAlight °nd temperature nrobea and numerous
wires each terminating in either a photndiods or o thermistor sensor. He fed these
to me through a small opening in the side of the den and 1 fastened *hem in place
with spikes pushed into cracks in the rocks. I distributed the temperature sensors
g0 as to measure temmerature at the fromt, rear and gides of the den. I nlaced
gensor Number 2 under the shellow fir-bouch hed, alonz with a large loop antenna
which would pick un the emmissions from the transmitter in the bear, thus. enabling
us to continuously and automatically record the bear's bhody temperature on a nearby
chart recorder.

The body temmerature system tha® Joel had devis=d consisted of a temperature
gensitive transmitier inserted in the bear and a wire loop antenna located under the
animal. T™is varticular transmitter was patterned after a.model deaisned by Dr.
Stuart McKay. It was supposed to be swallowed but in this case we reversed the
procedure. The function of the antenna was %0 pick up the signals from the trans-
mitter inside the bear and transmi them to receiver outside the den. The body
temperature of the beawv would affect the transnmitber with resulting chanves in the
rate of pulses broadcast. The receiving equivment was a broadcast band radic
receiver with a pulse ratef converter wiced to a chart recorder. The demodulated

pulses would be counted antomatically @nd converted to a direct current voltame by

the pulse rate converter thus making it sossible to continually record the temperatures
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on a chart.

As I backed out of the den quarterz, I placed the light sensor 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 moving out. I diagrammed the pogition of each numbered sen-
sor and then Joel and I placed similar sensors on stakes and on ‘rees outside of the
den - some high, some at snow level, some rointing skyward, others toward +the snow
cover. Because the satellite would only be able %o monitor the sensors twice every
twenty-four hours, we placed small clockvark driven chart recorders, inside and -u*-
side the den vhere they would continuoﬁsly record the air temperatures. With the
exterior and interior den sensors finally in =lace, the rectal transmiiter lodged
within the anesthetized bear and a chart recorder operating to obtain continuous
body temperature, we pushed the bear back into his den, closed the openings wi*h
snow and climbed on up the slone to secure the tramsmitting antenna and connec: the
cable from the den sensors.

For the next seventeen days our visions of working in heated rooms at other
tasks while the data poured in actually trangpired. We even did some downhill skiing
instead of cross country touring and winter camving. Our chart recorder nowered by
nickel cadmium batteries was accurmlating on-site body temverature information, and
the capsule-like Ryan temnerature recorders were providing a continuous record of
the den and éutside temperatures for comnarision with sa%ellite monitoring results.
However, much of the worl: burden had oniy been shifted to Chuclt Cote and his engineers
at NASA's Goodard Space Flich® Center noar Baltimore, Md Here Nimbus satellite data
was processed, printed out by computer and meiled 4o us for analvsis and interyretation.

Sensor No. 2 under the bear's Vved informed us via satellite that the bed temp-
erature rose from 33°F. to a high of 85°F. over a ten-day period. Warmth from the
bear's boﬁy maintained an average bed temporature of 70°F. for the same ten-da; period.

The temperature in the rear of the den averaged 29°F. compared to 26°F. near the
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entrance and 200F. outside the den. The bear was acting as a heater to modify his
winter enviromment. The wamming effect of his body on den temperature was revealed
when he later left the den. Temperatures from all inside sensors dropped to
coincide with outside air temperatures. In the earlier Gibbon River den experiment,
the bed temperature rose much higher than that recorded by satellite. In the micro-
climate between a very well constructed and insulated dry pine needle bed and the
bear, we recorded a maximum temperature of 97°F., just slightly lower than the
body temperature of the active and aroused bear. It was clearly evident from our
accumilated bed temperatures that the black bears were "hibernating" in a localized
enviromment and micro-climate considerably altered by their presence. The average
temperature in the bed of our satellite bear was 77°F. above outside air temperatures.
However, peripheral den temperatures were not greatly altered suggesting that little
heat is radiated from the bear's body and that the heat lost by conduction is min-
imized when a good insulated bed has been prepared.

Voltage readings from the light sensors placed outside the den wvaried from
about 5 volts during the day to zero at night. For about a month we obtained zero
readings from the light sensor inside the den pointed toward the entrance, an entrance
which was sealed with snow. On March 1L, the reading indicated that the entrance
was probably open. This coincided with a sharp drop in bed temperature. Ve suspected
and then verified that the bear had left the den. The relay of data from den to
satellite to us had immediately informed us of this movement of a bear isolated in
a wilderness area of Yellowstone. It was just one example of how a satellite system
could provide an unusual capability for studying animals and their environment in
remote locatioms.

While den and bed temperatures were being monitored twice every twenty-four
hours by Nimbus 3, the bear's body temperature was continously recorded by the
chart recorde® in an insulated box near the den site. The bear's bodr temverature

levelled off around 950F., comparable to that of the Gibbon River bear whose temp-

erature ranged between 9.°F. and 96°F. fhis temperature we recorded during winter




19

sleep is only feww to fiwe degrees lower than the temperature of an active bear im
summer. This was expected as the bear is not a deer "hibernator"; that is, onme

whose body temperature drops so low it approaches ambient tempera‘ures and where
respiration and metabolic functions are greatly reduced. The bear, though in a
lethargic condition, can as we repeatedly experienced, be quickly awakened to action.
A deep hibermator, such as a ground squirrel, is in a torpid condition and cannot be
quickly aroused. This is not to say that the bear is not an efficient winter sleeper.
Because of his large size, he enters his den with an immense sunply of food. This
potential energy reserve in animals is proportional to the animal's size and weight
but the metabolic rate is weight dependent. The large bear thus has a low metabolic
rate and can fast for long periods without a reduction in metabolic level necessary
in other smaller animals with a high metabolic rate. Our den temperature measurements
also verified that the bear has a low thermal conductance and camnot like smaller
hibernators reach and maintain a body temperature near the ambient air temperature.

In other experiments we found that the bear's body temperature dropped as outside

and den temperature declined. In one case it reached a low of 89°F. but after this,
even though den temperature continued to drop, body temperature did not but instead
rose abruptly to 91.L°F. It appeared as though this temperature was the lower limit
that the bear could tolerate in safety. On reaching this thermal point, a spontaneous
arousal mechanism went into operation and meteboliec nrocesses automatically increased,
thus warming fhe bear. A colleague, Dr. fBdgar Folk has found that in contrast, small
mammalian deep hibernators such as door mice or ground squirrels remain dormant with
a body temverature of about 11°F. but awaken periodically and eat, urinate and
defecate. They become active about every four days and body temperature rises. Thus
deer hibernators awaken regularly over shoré periods of time during which body temp-
atures quickly rise. The bear hibernates at a considerably higher body temnerature
and sleeps in a curled nosition with litile movement for long neriods but can be
quickly aroused. It appears as though the bear camnot reduce his body temperature

more than about lOOF. below normal but does not need to. Other investigations have
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found that the bear's summer sleeping heart rate of [j0-50 bveats pver minute drops
as low as 10 beats during winter sleev and ozygen consumption is reduced by Sb ner
cent. These are only a few of the amazing adaptations -~ ‘he bear ‘o winter sleep.
There is no doubt that he is a highly efficient hibernator.

The use of an earth-orbiting satellite to monitor a bear den provided inter-esting
data on hibernation and revelaed the feasibility of applying this data-gathering
system to studying numerous animals in their immediate environments located in
remote and inaccesible areas of the globe. Tven their physiological functions could
be simultaneously monitored. Also, it enables information to be gathered almost
simultaneously from numerous instrumented animals distributed over an extensive area.

The full application of satellite gathering systems or a combination of these
and ground monitoring techmniques implies far more cooperation and coordination of
effort by ecologists and engineers, by private and govermmental agencies, by foreign
scientists and our respective governments than has existed in the past. Had there
been eveta semblance of cooperation from Yellowstone Park officials after 1968, our
Space age grizzly, Marian, might have been the first grizzly to be tracked and
monitored by satellite. She had been groomed for a role she would never play.

The development of an ecomomical énd efficient sateliite-wildlife technology
will demand an integration of effort that could tend to uﬁite diverse cultures and
widely separated peoples, resulting in increased understanding of basic human problems
and aspirations. Such understanding is usually accompanied by tolerance, a virtue
the world urgently needs if the human race, and our partners in evolution, are to
survive with a quality life for all. It would be nice to‘see this start and spread
our from Yellowstone. It is well within the Park Service mission if not its present
competence.

Black Bear No. 6, whose den was monitored by satellite, moved out 4o a Yellow-
stone highway in spring. According to a concerned ranger, he was given an overdose

of nausea pills as an experiment. The purpose was to discourage bears from begging




food from tourists. His radio collar was removed while unconscious from the drug

and he was haunled away. This black bear that had made history vanished like so many

others in Yellowstone and was never Seen again. What happed to the Yellowstone
black bears is perhaps best summed up in a gtatement written by a ranger in the
Yellowstone Park Lake Bear Logs, July 8, 1970, after seeing a black bear -111,08-
ranger reports a real live black bear at Sand Pt." - MG. A few years prior to the
Park Service change in attitude and volicy toward black bears and independent rTe-

gsearch, it was not uncommon to see D to 50 bears in a single day.
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