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In the summer and fall of 1960 we tested a prototype radio transmitter
and experimented with attachment methods. The following year we instrumented
and tracked two grizzly bears using miniaturized Philco~developed transmitters
and portable receivers l/. By the fall of 1962 we had developed and were oper-
ating the entire tracking system E/o Improvements continued, but by 1963 we
had shifted emphasis from development and testing to concentration on opera-~
timal use and the accumulation of ecological data on the grizzly bear 2/0

The primary function of the blo=-telemetry of big game trackinglsystem
developed under N.S.F, Grant 17502 is to extend the range and scope of the
field biologist's observational powers.

This is accomplished in two ways: first, by gathering data from a dis-
tance with a minimum of time, effort and manpower; and, second, by enabling
a scientific observer to place himself in a predeterminea position where he
can observe a particular instrumented animal and can reason about and inter-
pret what he observes on the spote. This latter capability is, perhaps, the
greatest asset as far as our ecological study of the grizzly bear is concerned.

We now have the proven capability of instrumenting grizzly bears, or
other big game, and simultaneously monitoring three or four pulsed signals 2l
hours a day for a month or two, This involves plotting the movements of the
instrumented animals and deducing certain activities from a distance of ten
to twenty miles, At almost any time within this two=month period we can fix
the animal‘'s position through the intersection of two or more bearings and
can then "close in" and observe while undetected. We are recording this
data manually but can go to automation. However, already we are able to
obtain far more information than we can readily process and analyze.

Prior to the development of this research tool, the grizzly bear, roam=-

ing over 3,000 square miles of rough Yellowstone country, 85 to 90 percent
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of it wooded, had all the advantages when it came to evading man, Now the
tables have been turned and the research results are encouraging. This report
is by no means exhaustive, but will emphasize and illustrate some of the types
of ecological findings obtained by using bio-telemetry methodse

Over the last three years we have developed and gradually perfected our
tracking system. Each year engineers of Philco Corporation!s Western Devel-
opment Laboratories have redesigned the transmitters and have improved the
portable tracking units. These improvements have resulted from extensive
field testing of equipment. The tracking system is now fully transistorized
and battery operated. The receivers are interchangeable with either loop or
yagi antenna. Reception equipment consists of a Base Station, a Field Station,
several mobile tracking units, and three handheld portable tracking receivers.
These are all operated on 32,02 MC and, in addition, we have a complex of
base, mobile and walkie talkie transceivers for communication purposes. These
operate on the Citizen Band frequency of 27 MC.
INSTRUMENTING AND TRACKING

From 1961 through 1963 the tracking period, or time during which animals
were being instrumented, tracked and monitored, increased from 1 to 2% to L
months,

The actual tracking of instrumented grizzly bears (monitoring of signals
from dif ferent bears) amounted to 32, 76 and 119 tracking days in 1961, 1962,
and 1963, respectively,

The total number of animal-tracking=-days during the three-year period
was 251, almost 8% months. Animal-tracking-days embrace the period that a
signal was received from an instrumented animal but does not include monitor-
ing beyond last signal reception. The longest period that we continuously
tracked a grizzly in a single season with one transmitter and battery pack

was Ll days (Table I).
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In the course of a five=year ecclogical study of the grizzly bear, we
have individually color-marked and ear-tagged 16l different bears., Each of
these has been given a number and I will refer to these when discussing
individual animals,

In three seasons we have made 13 instrumentations involving 8 different
grizzly bears-=two in 1961, three in 1962 and eight in 1963, The ages and
sex of the eight instrumented bears ares

Two boars—-=#37 immature, #76 a young adult.
Two sows with cubse-young adults, #96 with 2 cubs; #150, 3 cubs,

Two sows with yearlings--#7 an adult, #75 a very old adult,
2 yearlings each,

Two single sows-=young adults, #96 pregnant, #40 barren,

Although only seven different grizzlies were instrumented in 1963, we
actually tracked and obtained information via radio on 17 different animals,
This was feasible because four instrumented sows represented four different
family groups whose of fspring included five cubs and four yearlings. Since
family groups are cohesive units, the ability to track and locate one member,
provided opportunity to observe all members,

Among the eight animals mentioned, #LO has been instrumented for three
consecutive years and numbers 37 and 96 for two consecutive years. Number 37

was shot outside the Park boundaries in the spring of 1963. Number 96 hiber-

nated wearing a collar and appeared the next spring with the collar as well as

with 2 cubs. One grizzly, #7, was instrumented twice in the same summer.
ECOLOGICAL RESULTS
Although we are still developing and perfecting our bio=telemetry

system and yet have much to learn about its potentialities, we have used it
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to procure some interesting ecological data. Much of this information we

had been unable to obtain using conventional study methods. We have acquired

information on grizzly bear summer ranges, on bear movements, diurnal and

nocturnal activities, activity patterns, food habits, habitat preferences,

behavior and interrelationships, bear-man relationships, man=made influences,

pre-hibernation activities and hibernation treks. rep. éibj;Mzz;hp{z?“/%
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to confirm it, has provided information not previously cbtained and has
greatly added to our understanding of some phases of grizzly bear ecology.

Summer Ranges

In 1963 five grizzly bears were monitored day and night for periods

% The grizzly is not a true hibernator but the terms hibernation and

hibernating den are in such general use that they will be employed in

this report. This terminology will be treated in detail in future re-
ports and publicaticnse.
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ranging from a month to a month and a half (Table I), Their exact or approxi=
mate locations were known at almost all times. Their ranges were delineated
from fixes, bearings and sightings while tracking. ILines connecting the
peripheral locations were used to construct the ranges on topographic maps,.
The area of these ranges was determined by planimetering. The results

appear in Table II and Figure 1,

Within these seasonal ranges the grizzlies spent much of their time in
quite localized areas of approximately a square mile, Such areas usually
comprised the sites of their daytime beds or retreats and some feraging
territory. The two grizzlies with the largest seasonal ranges also confined
their day-to~day activities to rather localized areas but these areas were

correspondingly larger, That of sow #7 and her yearlings for example meas-

ured between L and 5 square miles, but her entire summer range was 106

square milesv(Tgplg";I),

All of the grizzlies had daytime beds or retreats to which they retired
for varying periods of time, These were shallow excavations in the earth and
located in timber, usually quite dense timber containing heavy windfall,

The smallest range, that of sow #LO, was 8 square miles. A similar-
sized range had been plotted for this sow in the twe preceding seasons. As_

far as we know, she has not ventured beyond this area during the summer

months, Furthermore, she has neither been observed or tracked beyond its
confines at other seasons of the year, although she may possibly have left
it to hibernate or have moved beyond it to make short foraging trips that
were undetected. The range size has definitely been influenced by an abun-
dant food supply and by the fact that this sow, though mature, has not yet
borne offspring. The relation of range size to food supply will be treated

under a separate heading.



TABLE I

INSTRUMENTED GRIZZLIES

1961-1963 =
Grizzly Bear Tracking Period Animal Tracking
Designation (Dates) Days Remarks
#7 19633  7/26--8/12 18 Grizzly removed locse fitting collarg
recovered collar August 10,
9/2-—-9/27 26 Last signal weak and in Pelican Creek Area
Ly
#37 1961: 9/30-—9/31 1 Bear moved beyond range of receivers, re-
moved collar which had been slipped over head,
1962: 10/4--10/18 15 Transmitter functioning; bear lost journeying
16 to hibernation area. Shot by huntery, in
spring of 163,
#10 1961s 9/22-10/22 32 Transmitter still functioning; bear hiber-
nated,
1962:  9/8---9/17 10 Transmitter no longer functioning, but still
7 on bear, Removed by bear during hibernation,
1963: 8/7-—-9/4 29 Transmitter no longer functioning but still
71 on bear at time of hibernation,
#75 1963: 8/16--9/28 Uy Bear immobilized and transmitter removed;
still funetioning well,
#76 19633 8/26--9/22 28 Lost signal, bear travelling, transmitter
functioning,
#96 1962: 8/17--8/19 2 Lost signal; bear travelled to distant portion
of park, no mobile units available,
19633 7/12==7/17 6 Transmitter battery pack shorted by water.,
8
#150 1963: 10/6-—-11/3 29 Transmitter still functioning; bear
hibernated - lost,
#164 1963: 10/26-11/5 11 Transmitter still functioning; bear

hibernated - located,

Three Season Total 251
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TABLE IT

GRIZZLY BEAR SUMMER RANGES - 1963
Determined by Radiotracking

Grizzly Bear Number of Bearings used  Number of Area of Ranges
Designation in determining range¥ Plotted Fixes¥* Square Miles Activity Pattern
#76 129 21 168 Nocturnal - diurnal
Nocturnal - daytime
rester
#7 256 32 106 Nocturnal - diurnal
#75 145 21 36 Nocturnal - daytime
rester
#150 2217 35 27 Nocturnal - diurnal
#.0 140 32 8 Nocturnal - daytime
rester

#Innumerable bearing or fixes made with portable receivers while tracking on foot are not included
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Though the range of grizzly~ﬁzzggwas on}y 27 square miles, this bear was
the most active of all the animals tracked. She was also tracked and monitored
more intensively and thoroughly than any of the others. Her daily and noctur-
nal movements in airline distances were confined to only a few miles, However,
she was almost constantly rcaming day and night resting only for short inter-
vals., Her three hungry, energetic cubs greatly influenced her activities,
Continuous changes in signal strength as well as direct cbservations in the
field while tracking confirmed her comparatively greater activity. She
ranged in upper Hayden Vallsy along Alum Creek, a good foraging area for
plant foods and rodents. Here she was able to satisfy the food requirements
of herself and her growing cubs within a very limited area. Much of her
foraging activity centered within a 1 square mile area, -It was quite reveal=
ing that a grizzly bear and her three cubs could obtain most of the food they
consumed during a full month within such a limited locale, It showed the
efficiency of a grizzly bear as a forager and omniverous feeder and provided
the most tangible information yet obtained for estimating carrying capacities.

The largest summer range, that of boar #76, measured 168 square miles,

It represented his summer area of activity and travel during a one one month
period. After a month of monitoring we lost his signal when he travelled
nor thward beyond reach of our receivers. To do this he must have moved at
least 20 miles beyond the peripheries of his summer range. This extensive
movement occurred at the time of the dispersal of grizzlies from their
summer ranges. The distinctive signal of 96 pulses per second was never
again picked up, although the transmitter was still functioning well when
the signal was last received. Every reasonable effort was made to pick up
the signal with our mobile units and we made attempts from fixed wing planes,

but without success,
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The fall movement of young adult boars to distant parts of the Park and
beyond had been established by observation of ear-tagged animalse., Tracking
#76 as well as #37 by radio confirmed this type of movement and shed addi-
tional light on the speed and extent of dispersion., From previous movement
data gathered relative to #76, we believe that his home range is many times
the size of his summer range. It also appears that this young but mature
male , as well as others, have two distinctive ranges, a summer ope and an

_early spring-late fall range, often separated by considerable distances,

In the course of his travels within his summer range, #76 circled Mt. Wash-
burn, made 5 known crossings of the Yellowstone River and completed two
long treks, a circular one of 50 airline miles in 7 days_and a still longer
one that took him beyond reach of our receiving equipment.

We have reason to believe that at least some grizzlies may return to the

area of their birth to hibernate., The littermate of #76 is sow #96, another
instrumented grizzly, Soon after coming out from "hibernation,® she was
observed far up Cache Creek in the N.E. section of the Park with two small
cubs, Number 76 was headed in this direction when last detected. Radio
transmitters may, in the future, reveal whether they both hibernate in the
same general area.

The next largest range of 106 square miles was that of grizzly #7 and
her two yearlings, This particular animal travelled and was active both
during the daytime and at night, Her activity pattern was similar to that
of sow #150., She divided her time between two large open-land areas or
meadows, Sour Creek and Hayden Valley. As in the case of the other sow
grizzlies studied by radiotracking methods, she spent the majority of her

time in a rather limited area. This nucleus of her range was an area of



#17

L, to 5 square miles embracing the Wrangler Lake-=Clear Lake terrain, It pro=
vided timbered cover for daytime beds as well as excellent foraging country,.
Sow #7 was instrumented twice and tracked over a two-month period for a

total of Ll days. During this time she made six crossings of the Yellowstone
River, two in the Yellowstone Canyon just upstream from the mouth of Broad
Creek., She also climbed high (approx. 9000 ft,) on the slopes of Mt. Washburn,
By September she had weaned her yearlings and was travelling alone, During

the last week that this eanimal was tracked, she travelled southeastward to the
open-meadow country in the Pelican Creek drainage, an airline distance of

over 12 miles, She was attracted to this area by food = a high Microtus popu=
lation and an abundance of tubers, She remained here for some time but, unfor-
tunately, her signal failed a month prematurely terminating the tracking.

This movement occurred at the time of the general grizzly dispersal from
summer ranges. 1t appeared that we had tracked this animal from her summer
range to her late fall range and, perhaps, to the general area of her "hiber-
nation”" site,

Grizzly #75 and her two yearlings established a summer range that
encompassed 36 square miles., This sow was quite old and also belligerent.,
Though the range of this animal is larger than that of #150, she was actually
much less active and her movements more routine., She usually bedded down in
the daytime, whereas #150 was normally moving and foraging. Even though she
had yearlings, her daily habits were more similar to those of the spinster
sow #40. She spent most of her daylight hours in a timbered area of about
one and one<half square miles, Here she dozed and rested day after day in
the same or nearby beds., Number 75 spent one day in a large timbered island

four miles north of her regular daytime retreat. She also made one trip to
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the south up and over the crest of Elephant Back Mountain, on down to the
Lake tourist area, returmning to her haunts from the east. These excursions
extended a range that otherwise would have been eight to ten square miles or
compar able to that of grizzly #30, The ranges of #75 and #L0, as well as
their activity patterns were affected by man-made food supplies, The in=
fluence of this on the animal's behavior and movements will be treated in
a later section.
Movements

The tracking revealed several types of movement patterns. One was
typified by grizzlies #L0 and #75. These animals spent the greater part of
each day in one spot or locality. They travelled in early evening to a
definite food supply returning to their daytime beds in the early morning
hours. Evening after evening #.0 made a three mile trip to food, starting
about 6:00 P.M. and taking approximately one and a half hours, She was
usually resting in her daytime bed by 6:00 or 7:00 A,M., She followed this
routine on 16 occasions and probably at other times when she was not closely
tracke de

Another type of movement was perhaps best typified by grizzlies #150
and #7. These animals were active day and night and rested only for short
intervals. They were constantly moving, but from a given starting point
the acutal airline distance they travelled in the course of a day or a
night was not great. Over a dozen measured distances averaged 3,7 miles
ard 3.2 miles for #150 and #7 respectively., The irregular course they
roamed while foraging was, of course, much greater. The maximum airline
distance travelled in one direction by these two animals was five miles for

#1500 and six miles for #7.
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In contrast to this was the movement patterns of the males, #76 and #37.

The longest airline distance travelled in twelve hours by #76 was nine to ten

miles and this distance was recorded on at least four different occasionse

Once he travelled nine miles in the course of a single afternoon. An average

of eight daily distances measured 7.2 airline miles. In a two=day period

#37 travelled an airline distance of 19 miles. Sow #7 returned from high

on the slopes of Mt, Washburn to her Sour Creek foraging area in a single
night, an airline distance of about_5 miles. In doing this, however, she

travelled a ground distance of at least 9 to 12 miles dropping down to

cross the deep Yellowstone Canyon enroute. Both sexes readily travel con=-
siderable distances over rough country but males appear more prone to
roaming.

Although grizzlies were found to remain and forage in wery localized
areas for extended periods of time, in most cases they eventually took off
on treks of varying lengths. Other data, some gathered through tracking and
some by other methods, indicate that these sporadic trips are part of the
normal pattern of grizzly bear movements. In the fall of the year such
movements take on a pattern of grizzly dispersal from summer ranges and,
in some cases, might be considered a fall migration,

We can summarize some of the range and movement data accumulated by
stating that ranges are distinct, overlapping and, as far as we can determine,
not defended. Radiotracked grizzlies mingled and foraged with other bears
even in the most frequented parts of their ranges,

Five ranges involving twelve individual grizzly bears were plotted
(Fige 1), but many other grizzlies travelled and foraged partly or entirely

within the same area. BEach grizzly has a much frequented daytime retreat
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or range nucleus but even this is shared by other grizzlies, though, the actual
bed themselves are probably note

A timbered island retreat often frequented by #76 and occasionally #75
was located through radiotracking. On visits here we found ourselves liter-
ally surrounded by grizzlies most of which were jumped at close range.
Numerous bed excavations as well as feces revealed this to be an area where
grizzlies concentrated during daylight hours to sleep or rest., Yellowstone
grizzlies appear to be more gregarious than solitary during the summer months.

All the ranges plotted from radio fixes or bearings embrace both open
country and timber. This habitat combination appears desirable but the factor
largely influencing location is the open country habitat composed of grass,
sagebrush, and forbs, This is a sagebrush=grass subclimax types. Very little
of this Yellowstone vegetation type is uninhabited by grizzlies, but there are
large stretches of mature timber, dominated by the Lodgepole type, where
grizzlies are seldom found except for short periods or while travelling.

Plants associated with the open country provide a more continuous, more
available and more varied source of food than do those plants typical of the
timber types. The preference, perhaps need, of the grizzly for this open-land
habitat is evident from the ranges (Figo.l).

These open parke=lands have resulted from a combination of ecological
factors = fire, grazing, soil and moisture conditions. The maintenance of
these ecological types is to some extent subject to habitat management. To
manage the grizzly population in the future such habitat management may be
necessarye.

Food Habits and Habitat Preferences

In the course of tracking grizzly bears we have gathered considerable

information on their food habits and related habitat preferences. This
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information has been obtained in two ways--through direct observation of the
grizzly bear activities while tracking them and indirectly through reading the
signs they leave, During the fall of 1962 and 1963, the grizzlies exhibited
quite different habitat preferences. In the fall of the former year:s grizzly
bears were found high on the ridges responding to an abundant crop of pine

nuts (Pinus Albicaulis, Pinus flexilis), In the fall of 1963 their foraging

habitat, by preference, was the open land and particularly the grass-sedge
meadows of the stream bottoms., These areas were populated by field mice

(Microtus=spp.) and pocket gophers (Thomomys talpoides) that had attained the

highest population densities we had yet observed in the Park. The meadows
also provided an asbundant supply of plant bulbs and tubers,. Tubers of the

grass (Melica spectabilis) and yampa (Perideridia gairdneri) were heavily

utilized., Grizzlies feeding in these meadows were difficult to locate by
radio. The valleys were low in relation to surrounding country and this
tended to alternate or block the signal. This screening effect was largely
absent when the bears were feeding on the high ridges where the timber and
white bark pines growe.

Tracking the grizzlies by radio provided us with much interesting infor-
mation concerning grizzly predation on high rodent populations. We frequently
observed them digging up the runways of mice or watched them pounce on the
scurrying rodents snapping them up in their jaws. Even more often in the
course of tracking a grizzly we came across diggings that revealed the ex-
tent to which the bears were feeding on mice and pocket gopherse It was
evident that all of the grizzlies were preying heavily on the unusually
high populations of field mice and pocket gophers. The predation pressure

imposed by the population of grizzlies, combined with that of coyotes and
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numerous hawks and owls that concentrated in the same habitats, may have had
a depressing effect on an excessively high population of these rodents. The
influence of the rodents on range vegetation was quite noticeable and in some
locations devastating. In some spots it was evident the grizzlies had been
digging for tubers and, in most cases, we were able to collect samples of the
plant foods they were utilizing as well as those that were discarded. Though
this did not reveal new plant foods utilized by grizzlies, it did furnish
information on the extent of use and occasionally individual food preferences,

Behavior and Interrelationships

We have mentioned previously that in tracking individual bears informa-
tion was usually obtained on more than the instrumented animal. For example,
on October 10, while tracking #150, we observed a total of thirteen grizzlies
in a single afternoon. These included #L8 and her three cubs plus an orphan
cub she had adopted. Another family of three included at least one color-
marked yearling. On October 28, we observed a family consisting of an un-
marked sow and yearlings #132, #133 and #139. The sow was catching mice for
her of fspring. On another occasion, while tracking #150, we saw #LO and one
other unidentified grizzly. In all, we contacted and observed at least 19
different grizzlies while tracking #150. Of these, 6 and possibly 7 were
color-marked or ear-tagged animals. All to some extent shared the same range
and favorite foraging areas used by #150.

h Prior to instrumenting_ﬁlﬁg_she had adopted one of two cubs belonging to
\// \a sow that had been killed. Another of these orphan cubs had been adopted by
;sow #L8, who had to cubs of her own as well, It is very probable that with-
| out the use of the radio-tracking system, we could not have learned that one

of these orphan cubs was evidently abandoned by sow #150 after a period of
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attachment. This may have ozcurred during the time that we shot, immobilized,
/ and instrumented her. Number L8, we learned, had continued to take care of the
| other orphan cub treating it in all respects as though it were her own. This

| was particularly interesting information because #L8 in previous years had

/
/ abandoned two different litters of her own cubs,

Mention of one of many interesting incidents that occurred while track=-
ing the instrumented bears seems appropriate in this report. On three differ-
ent occasions we were forced to climb trees due to the close approach of
grizzlies. None of the animals actually attacked but they became alarmed and

| ran directly toward us. Once while tracking #150, we spotted and followed
another family for a short distance, This was a mother with three color=-
marked yearlings. Instead of continuing on her course, away from us, she

turned up a small draw and slowly approached feeding as she came. I had sep-

arated from the rest of the party and was now cornered on a hillside in open
country at least a quarter of a mile from the nearest tree. For some time I
remained motionless in the sagebrush hoping the bear would alter her course.
When she came within 100 yards, I was afraid to move for fear she would detect
the movement but be unable to recognize me as a human. In these circumstances
she might rush up to investigate. Because of their poor eyesight such behav-
ior is characteristic of the grizzly when the direction of the wind is such
that they cannot pick up scent. When the grizzly family continued to approach,
I decided I could wait no longer and so rose slowly backing up the hill. As I
moved, all four of the grizzlies stood up and in another instant would probably

have rushed toward me out of curiosity., Once committed, an investigative move

on the part of a grizzly can quickly develop into a charge, Fortunately, at

this moment, my companions on the hilltop, who had been apprehensively following
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the course of action, shouted and waved their arms. This had the
desired effect of causing the grizzlies to hesitate, then to take off at a
run away from my positione.

Although the grizzlies we tracked by radio had summer ranges of varying
sizes there was no indication that these were ever defended. Number LO did
not even attempt to defend a bison carcass located well within her small range.
An unmarked sow and three yearlings feeding on this carcass kept #L0 at a
distance even though it was evident she was quite anxious to eat. Time and
again #L0 circled timidly and slowly approached the other grizzlies only to
retreat when they exhibited slight aggressive behavior. Number li0 was not able
to feed until the other bears were satisfied., Though this was her range, she
had no monopoly on it. On another occasion this same bear was observed as
she rushed at a larger bear feeding on a different carcass. The larger grizzly
retreated but soon returned; and both bears fed together. Often numerous
animals will feed simultaneously on a carcass without fighting or dominating
the food. Though behavior varies with conditions and with individuals it
appears that a carcass, a kill, and even a foraging spot may sometimes be
defended but a range or hunting territory is not,

Grizzlies act as scavengers quilckly disposing of the carcasses of large
ungulates inhabiting Yellowstone Park. They are fond of carrion detecting it
with their keen noses at considerable distances. It took sow #150 approxi-
mately 60 hours to locate a carcass 1 3/l miles away from her bedding site.

The sow and her cubs were the first grizzlies to find this carcass and would
probably have arrived sooner had the wind direction been more favorable.
Number 1O arrived later and exhibited interesting behavior when she used her

shoulder to move the carcass so she could get to choice portions of flesh.



In tracking #L0 and #75 we learned that #40 was definitely a timid animal
as grizzlies go and #75 very aggressive. Even when we jumped #L0O at a distance
of 4O feet in dense timber, she took off at a run. Her actions with other bears
revealed a timid nature and this behavior trait may to some extent explain the
limited nature of this animal's range over a three-year period,

Bear-Man Relationships

Radiotracking has confirmed that grizzlies, in contrast to black bears,
tend to avold areas where Park visitors concentrate, It has also shown that
at times visitors approach close to grizzlies and grizzlies close to people
without the bear's presence being known. When resting in daytime beds grizzlies
appear reluctant to leave their retreats. At such times they can be approached
closely before being jumped or even by-passed by the tracker., Instrumented
grizzlies have been seen and jumped at distances ranging from LO feet in timber
to 600 feet in open country. Fifteen measured jumping distances (paced) where
the grizzlies were seen and where the grizzlies also detected the trackers,
averaged 176 feet.,

In dense lodgepole stands there have been instances where grizzlies have
circled and tracked us while we followed their movements with portable tracking
receivers. In timber and windfall, difficult for a man to traverse, grizzlies
have moved ahead of the trackers so quietiy that they could not be detected
by ear,

Wherever a grizzly has identified a tracker as a man, usually by scent,
they have taken off at a run. Grizzlies depend largely on their keen sense
of smell to locate food and detect danger. When wind direction does not favor
the grizzly, so that the human scent is not obtained, the animal may walk

directly toward a man or even appear to rush at him, as mentioned earlier,
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Exceptions occur, as for example when we were tracking sow #150 and her cubs in
the early morning, A ground fog reduced visibility and there was little or no
air movement., At a distance of about 200 feet the sow suddenly got our scent
and bolted with her cubs. She was apparently unable to determine the direction
of danger and ran directly for us. When we hastily started up trees she dis-
covered us and changed her course., At similar distances grizzlies have often
detected movement but apparently could not make an identification by sighte.
Their reaction is to investigate and this appears to be motivated by curiosity
or prospects of a meal. On such occasions we have had to hurriedly climb trees
or shout to distract or turn the animal, Thils can lead to a dangerous situa-
tion, as under such conditions, the approach may at the last moment turn into
a defensive charge. At least some cases of so-called grizzly attacks found in
the literature were probably nothing more than the rapid, yet awesome, approach
of a curious grizzly bent on investigating a situation where its sense of smell
has been inadequate. In order to smell, see and hear better the grizzly often
rises up on its hind legs and this is sufficient to "confirm® an attack,

Tracking has confirmed numerous other observations indicating that the
grizzly bears' eyesight is so poor they usually cannot identify a man at a
distance beyond two to three hundred feet., They can detect movement, however,
but if this is slight or slow it does not cause alarm, Under these same cir-
cumstances when a shift of wind brings them the man scent they invariably take
off at a run, noticeably disturbed. Alerted instrumented animals have retreated
rapidly for the first quarter mile and then normally slow down or even terminate
their flighte.

Knowledge of the conditions and situations that might lead 1o man<bear

encounters is necessary for the management of grizzly populations in National
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Parks and wilderness areas., Such information may alsc be quite important to
the preservation of the species in Continental United States. Increasing
visitor use of areas inhabited by grizzlies makes it likely that man-grizzly
encounters will increase. An attack by a grizzly can be disabling or fatal
to the people involved as is well documented in the literature, Often such
incidents have been disastrous to the grizzly population as well, for usually
more than the offending animal is eliminated in an effort to kill the culprit.
It is conceivable that a series of incidents could result in a serious reduc-
tion of grizzlies, perhaps, to a point where a population could not recovers,
Radiotracking of grizzlies is providing data that can help to prevent
or minimize encounters of Park visitors with grizzlies. It is revealing the
daytime retreats as well as areas where grizzlies are numercus. Some wooded
areas in Yellowstone, particularly, "wooded islands® have so high a daytime
concentration of grizzlies that they should be made off bounds to visitors.
Radiotracking has confirmed our observations that the best way to avoid
grizzlies is to let them know that humans are around. This can be done by
taking advantage of the wind, thus, arranging for them to get man scent,

Prehibernation Behavior and Hibernation Treks

We have discussed some representative types of ecological information
obtained through bio-telemetry methods, Much interesting detail has had to
be omitted., However, we would like to expand on one event that dramatically
reveals the possibilities and the practicality of this research tool,

One objective of our radiotracking, though not necessarily the most
important, has been to track a grizzly bear into its "hibernation® den., We
accomplished this during the fall of 1963, Up to this time and in the course

of five years of study we had failed to locate a hibernation den. .During



\D

!.Aﬂ

four seasons we had observed grizzlies up to within 12 +o 24 hours of the time
they hibernated. In every case they went into hibernation during a snow storm
leaving no sign of their travel or whereabouts when the storm had cleared,
Though we tracked some visually by following their tracks we invarlably lost
them due to falling and drifting snow. Of those observed regularly prior to
hibernation, none revealed any pre-hibernation activity that would serve as a
clue to a den site. Likewise, none were apparently in the close vicinity of
a den prior to "hibernation'" and most bears appeared to travel some distance
in a "triggering' snow storm to reach what appeared to be a pre-determined
hibernation site, In the fall of 1961 and 1962, we instrumented grizzlies
with the hope we might track them to their dens. However, during these first
two years of effort our radiotracking system was not perfected to the point
where we were able to do so,.

By late fall of 1963 it became evident that the only bear we might
successfully track inte hibernation was #150, instrumented October 6, We
monitored this sow day and night and found she had a rather limited range in
the upper end of Hayden Valley. We attempted to instrument other grizzlies
in the same area but failed dve to the scarcity of animals following the fall
dispersal. In a final effort to increase our chances for success we instrumen-
ted one other grizzly, #16L. She was trapped and released October 26 in the
0ld Faithful area 16 miles from the range of #150 in Hayden Valley. This sow
was located by radio on the 30th of October a few miles from where she had
been trapped. After this, initial monitoring attempts to pick up her pulsed
signal (62/min,) in this area were unsuccessful. In the meantime, #150 was
being closely followed, and her actions and movements interpreted relative to

possible "pre-hibernation® activity. We had entered November, snow was on the
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ground and temperatures dropping. Conditions were such that the next storm
might put the grizzlies into hibernation as had been the case in the past.

We still had not received the signal from #16L and thus did not know the bear's
whereabouts but, in the last month of tracking #15C, we had learned enough about
this animal that we could, to a certain extent, predict her moves, However, it
was #16L that we tracked ﬁb her hibernation den, not #150 and her cubs that we
had monitored so closely. We lost the signal from #150 just hours before she
and her cubs hibernated, perhaps, just as #150 entered a den., We were not
aware of this until our last day of tracking but to explain and clarify what
took place we will have to go back a few days to November 2. On this morning
the signals received at our base station and from other lpcations indicated
that the grizzly family (#150) was about 9 miles away and was slowly moving
south and into an area of upper Alum Creek where we had not previously recorded
them. In the afternoon we took off on foot and "closed in" using our portable
directional receivers to guide us. While pursuing the source of the signal, we
crossed fresh tracks in the snow made by the grizzly family. We followed their
wandering course for a short distance but when the tracks veered from the course
indicated by our directional receiver we left them. We continued to "home in"
on the signal. At 3315 P.M. we sighted the sow and her cubs about an eighth of
a mile distant and moving toward us down a game trail which wound through open
country interspersed with low trees. The wind was from the bear to us so we
scrambled up some nearby lodgepole pines. When a few hundred years away the
sow obtained our scent and took off at a run. We retraced our steps not
wishing to disturb her further. At this point she was two and one~half miles
from her usual haunts and might finally, we reasoned, have been moving toward
her den. Her position was two miles from the "hibernation" den we later found,

but this was not hers,
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From base next morning at 6:30 A.M., November 3, we obtained a good
signal (92 pulses per minute) that indicated the grizzly family was still in
the same area where we had left them the evening before, A continual monitor-
ing of the signal up until 12 P,M, showed no major movement on the part of the
grizzlies, Up to this time we were apparently monitoring #150, although, the
pulse rate was not counted and recorded after 6:30 A.M, A fix made in the
field placed the grizzly in almost the exact spct where we later located a
hibernation den., This was 12 miles southwest of our base station. At the
time we thought this animal was #150, but it was undoubtedly #16L that had
moved in from the Old Faithful area crossing the Continental Divide. At no
time did we detect two signals, therefore we assumed only-one instrumented
grizzly was in the area. Because of this erroneous assumption we failed to
recognize that we were monitoring a different animal (#164) even though the
pulse rates were quite distinctive and could readily have been detected had
we thought to double=check them., Had we realized that both bears were in the
same area, identification would have been instantaneous. Convinced otherwise,
from all previous evidence we failed to effectively use our electronic track-
ing tools.

Throughout the night of November 3 and into the early hours of November
i, we continued to monitor a signal at the base station that was coming from
this location., In the afternoon of the Lth we hiked toward the headwaters of
Trout Creek guided by our portable receivers after we were close enough to
pick up a signal (3 miles)s Two to four inches of snow covered the ground and
a light snow storm was in progress. A fix from far up this creek placed the
instrumented grizzly approximately one-quarter of a mile from where we later

located the den. Evening signals showed no change of locatiorn, From the time
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of the last recorded signal from #150 (12 P.M., Nove 3) up until the evening
of November li, we lost the signal from #150 but picked up the pulsed signal of
#16l, without realizing that a switch had occurred.

On November 5 at 1:20, L:25 and 7:00 A.M., signals received at the base
indicated that the grizzly had not changed position but was still in the upper
headwaters of Trout and Alum Creeks, about 12 airline miles from our base.

The signal seemed unusually loud and clear but, as the morning wore on, it grew
fainter as though the bear might be moving farther away or getting into shelter,
perhaps windfall or den. At 9:50 A.M. the signal became even fainter and by
10:15 A.M. it had disappeared. When this occurred we decided to take off and
track the grizzly on foot so that we would be in a position fo continue follow-
ing her if she was travelling to a distant "hibernation® site or we would be
able to locate the den prior to the bear moving in., We realized that this
might be the last day we would have to track the grizzly as weather conditions
at the 8000 to 9000 elevations were such that she might "hibernate" at almost
any time,

We left our vehicle and started hiking south toward the Alum=Trout Creek
Divide where we had first located the bear by radio fix. Throughout the rest
of the day we followed the signal bearing, hiking through lodgepole timber, and
windfall. The average snow depth was about four inches. By 2:25 P,M. the sig-
nal was coming in so loud that we had to turn down the volume on the receiver,
It was at this time, and not bhefore, that we realized the pulse rate was too
slow for grizzly #150, and that we were actually closing in on #16L., The
pulse rate of 62 per minute could only be hers, We continued to move slowly
and carefully toward the signal source expecting any moment to jump a grizzly

in the tangle of downed timber. We still had seen no grizzly tracks or other
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sign, but as we continued, the signal came in so forcibly that the volume had
to be turned completely down. We knew when this occurred that the instrumented
animal could not be more than several hundred feet away. There were still no
tracks or sign so we carefully looked under all likely windfall, At times, it
seemed as though we must be standing on logs directly above the bear. We took
fifteen minutes circling, probing and searching the last one hundred feet of
our 12 mile tracking trek. Finally, down a slope and fifty feet away, we saw
a packed area of snow discolored by traces of earth. This was the den entrance,
We circled and approached cautiously to within twenty feet for photographs. The
den opening was just large enough to accommodate the grizzly and bore back into
a steep hillside. A huge unique three-forked lodgepole pine grew directly over
the opening and would serve as a convenient landmark for a return trip. The
slope had a north aspect and would, no doubt eventually be covered with deep
snow. Signs showed that the grizzly had been resting here in front of the den
opening. Had this not been the case, we would not have received the morning
signals at base 12 miles away. The grizzly had apparently entered the den the
night before but had been moving in and out. This accounted for the appearance
;nd disappearance of the signal that we had received in the morning. This bear
had entered the den during the night when it was snowing and so had left no
tell=tale tracks leading to her winter den. Her movements since then were con-
fined to the immediate vicinity of the entrance. This collaborated our theory
gleaned from past experience that the grizzlies had moved directly to their
"hibernation" dens during snow storms.

In reconstructing the activity it appears that grizzly #16L travelled
rapidly from the Old Faithful area to the site of her den, an airline distance

of between 12 and 15 miles, perhaps double that on the grounds She was
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definitely in the den area on November 3 and remained at or near the cave
entrance during the afternoon of the Lth. She rested outside the entrance on
the night of the L*h and during most of the following day (5th)s Not until
our approach on the afternoon of the 5th did she go deep inside the den. At
no time did she obserwve us, The last signal we received from this bear was
picked up on our return trek when about one<half mile from the den., She
apparently remained deep within the cave and the shielding effect of many
feet of earth prevented continued reception of the signal at a distance. No
signal was received at Base on the 6th and increasing snow depth prevented
further reconnaissance by foot, Closing roads necessitated evacuation of the
base station.

Tracking #16L into her hibernation den ended a season of radiotracking
that, even without this achievement, would have been a highly successful year.
It also served to definitely establish the value and practicality of bio-tele=-
metry as an ecological research tool,

The location of this hibernation den opens new areas for researchee
"hibernation" phenomena, causes of infant mortality and telemetry of physio-
logical data. It appears quite likely that the type of site selected by this
bear may be typical of others and, thus, lead to discovery of additional dens
without the necessity of trackinge Two former dens that had collapsed were
found within thirty feet of this den. It appears that the grizzlies, as we
suspected, use the same dens or hibernation sites year after year,

Perhaps, even members of the same family {same mother), return to the
area of their birth to hibernate, If this 1s so, hibernation sites once
located can be visited and studied year after year., The location of this den

was in timber and at a relatively high altitude in relation to surrounding
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country. It was also far removed from roads and people. It was on a north-
facing slope where snow will lie deep. The den had definitely been excavated
by the bear. It was not a natural or even partly natural cavity. Because we
had not come across a cave of this kind in our work, we had suspected that
some Yellowstone grizzlies might well spend the winter in a windfall or in
tangled mats of timberline vegetation. The fact that in the past they had
been active until within 12 hours of going into hibernation made us suspect
that they could not do much in the way of preparation, in fact, might sleep
wherever the final big storm caught them. It appears that this possibility
can now be pretty well ruled out. On the other hand, we observed grizzlies
regularly right up until the final storm and had followed.their tracks in the
storm only to eventually lose them. This indicated that the grizzlies took
off and headed for predetermined destinations. The behavior of #16l and the
prepared den indicate that this is probably what usually happens. This par-
ticular grizzly knew where she was going to hibernate and travelled to this
area from a distance entering the cave itself during the snow storme. The
location of the den was such that, had we known it was within a square mile
area, we most likely could not have found it even if we had searched the
region with a team of men. To have located a den of this kind belonging to
a particular bear would be almost impossible using standard field observation
methods. It is probably safe to say that this achievement could not have been
accomplished without the use of radic or some similar type of tracking method.

Tracking #16l into hibernation has to some extent wverified some of our
observations over the years.

It appears that a snow storm definitely triggers hibernation though

there may be other factors involved.



Most of all of the grizzlies in a given area where weather and tempera-
ture conditions are the same go into hibernation at about the same time even
though other factors affecting them may vary. Though widely separated, it
would appear that they all sense in some way that this is the time to go into
the deep sleep of winter,

The bears go into hibernation during a snowstorm and this serves to
cover their trails. Following the "hibernation storm" there are no tracks
evident even in areas where numerous bears were present a day or so previously.

The grizzlies, at least the mature ones, travel to definite sites to
hibernate. These may be a considerable distance from their late fall foraging
areas. It may even be that very few bears remain close po their dens prior to
the final trek.

There seems to be 1little preparation of a hibernation site in the days
and weeks just preceding hibernation, It will be interesting to determine
Jjust when the dens are excavated.

There is some evidence that a family, that is, the various litters from
a single sow tend to return to the area of their birth to hibernate. If so,
we may find that there are areas where grizzlies concentrate to hibernate.

It appears that some grizzlies hibernate at least two or more winfers
in the same den or in a new den in the same area (we have definite evidence of
this from tagged black bears). If a typical hibernation site can be determined
by isolating criteria it should be possible to predict suitable locations and
then locate dens with search parties,

IMPROVED TECHNICS AND EQUIPMENT ADVANCES
In 1963 Philco engineers stepped up the transmitter output to 200

milliwatts and switched over to a welded module construction technique. The
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entire module was then potted in polyeurethane foam for mechanical support and
to provide waterproofing, This construction replaced a pointeto=point wiring
of components on an Leshaped aluminum chassis. One temperature sensitive trans-
mitter was produced and testeds A 1 megohm thermistor was used to obtain a
temperature dependent pulse frequency. This transmitter can be used to tele-
meter temperature conditions in the neck region of the instrumented animal
and is being developed for eventual transmission of physiological data.
Various receiver modifications were made as a result of our 1962 track-
ing experience. All portable receivers were modified by the addition of a
BFO and a directional loop antenna and sense antenna. The loop was attached
to the receiver with a UHF type connector so that it could be readily detached
and the receiver coupled to the more sensitive Yagi type antennas used at our
Base Station, Field Station and on our Mobile Units, This made our tracking
system fully transistorized, battery operated and eliminated the general
coverage receivers that required critical tuning. The transmitter portions of
the modified transceivers were also tuned to the tracking frequency, 32,005 mc
to permit voice communication between tracking units. Citizen Band +trans-
ceivers had previously been used for this purpose. With the loop antennas
alone it was often difficult to determine signal source as the equally sensi-
tive lobes result in a 180 degree ambiguity. To overcome this difficulty a
whip sense antenna was added to suppress one lobe of the loop antenna pattern.
When the sense antenna is activated by a push button, it provides 13db sup-
pression of the reverse lobe and 3db enhancement of the forward lobe, giving
a 16db front-to-back ratio. In practice this proved very effective in locating

instrumented grizzlies.
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It had become evident that, under certain conditions, the ability to
locate and track from the air would be a tremendous advantage. We experimented
using a loop antenna attached to the wing strut of a plane and connected to the
receiver by cable. Earphones were plugged into the receiver to cut out plane
noise. A signal from a test transmitter of the type used on the grizzlies was
picked up a distance of five miles from a fixed-wing plane, The signal from
grizzly #150 was picked up several miles away by plane, the sow and her cubs
located and then actually spotted from the air. The positions of grizzlies
#7, #75 and #76 were all pinpointed from a helicopter. An outside loop was
not used and signal reception faded out at distances greater than 1 to 1% miles.
Al]l grizzlies were located very close to fixes obtained on the ground. Number
LO was located by helicopter in the morning and later her position checked by
hiking in with portable receivers and Jumping her at a distance of 300 feet
in the exact area pinpointed from the helicopter., Late in the fall attempts
were made to locate #7 and #76 from the air using a fixed=wing plane. This
was unsuccessful but by this time the signal from one animal was quite weak
and the signal from the other either weak or dead.

We have built and experimented with sensing devices or transducers for
pulsing transmitters that will telemeter various types of environmental data.
We have successfully gathered informaticn on temperature and light intensity,
and have reached a point where this method of data gathering is being incorpor-
ated into our ecological study. In addition we have experimented with audio-
amplifiers attached to our tracking transmitters and this looks promising for
work on behavioral phases of the study.

Work was continued toward improving instrumentation methods, waterproof-
ing and preparation and replacement of battery packs. Considerable progress
was made but this is still an area of endeavor where additional work is needed

to obtain optimum results, better performance and greater efficiency.



A cow elk was instrumented in the Lamar Valley of Yellowstone National
Park and tracked on its winter range for 5L days with mobile and portable
equipment. Temperature was frequently below O°F,

COOPERATION AND COLLABORATION

Cooperating and supporting agencies include the National Geographic
Society, National Science Foundation (G=17502), Philco Corporation, National
Park Service, U.S, Fish and Wildlife Service, Boone and Crockett Club, New
York Zoological Society, Wildlife Management Institute, Environmental Research
Institute and the Yellowstone Park Company.

The project has been administered jointly by Frank C. Craighead, Jr., and
John J. Craighead of the Environmental Research Institute-and the Montana Coop=-
erative Wildlife Research Unit respectively. Builldings and utilities in Yellow-
stone National Park have been furnished by the Yellowstone Park Company.

Research team collaborators include Frank C, Craighead, Jr., John J.
Craighead, Joel Varney, Philco Corporation, Maurice Hornocker, Montana Coopera-
tive Wildlife Research Unit and Hoke Franciscus, (W3 ELV) Carlisle, Pa.

The tracking equipment has been designed and provided by Philco Corpora-
tion under the direction of Dick Davies, Joel Varney has been in charge of
design and construction. Hoke Franciscus has given advice and has constructed
transmitters for telemetering environmental data, audio amplifiers and other
equipment. Maurice Hornocker has participated as field biologiste
CONCLUSIONS AND FUTURE WORK

The radiotracking system has proven itself to be a practical and valuable
research tool for gathering ecological data., We have obtained information con-
cerning the grizzly bear that we had been unable to get in the past using con-

ventional methods. We have now reached a stage where it is possible to determine



what specific information is needed even relative to a certain bear or
family, and then instrument animals so as to obtain the desired information.

Future radiotracking work with the grizzly will be directed foward
seeking information relative to certain key animals. For example, the domi-
nant bear in the grizzly heirachy will be instrumented., We will slowly phase
into the telemetering of physiological data from free roaming animals, We
will start conservatively and work with temperature transmission and EKG's.
Emphasis will be placed on external attachmernt of both sensors and trans-
mitters. A review of the literature indicates that this has not been done
with free roaming animals at a distance and under wild conditions,

There are many areas in ecological research where the application of
bio-telemetry can provide unusual results., We plan to gradually apply our
system to other types of studies and to the solution of problems that lend
themselves to this technique. One endeavor will be to gather needed informa-
tion on the migration pattern and summer distribution of the northern Yellow-
stone elk herd. Such data is basic to a full understanding of elk ecology and

greatly needed for management purposes,
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RADIOTRACKING OF GRIZIALY BEARS
Progress Report 1962 Sesscn

Suring the 21l of 1961 twe grizzly besrs (#37 and #40)
were instrumented with sasll transistorized transmltters devele-
oped by Philco's Western Development Laboratories, Number 40
wea tracked for cne menth Just prior to geing inte hibernation
in Yellowstone Hational Perk. 7This snimal was tracked with
portable directional recelvers whose maximum effective plekup
distance wes 4 mile., The results of this first yeer of tracking
were presented at & telemetry conference held at the American
¥useum of Natursl History, New York. ’

Throughout the winter of 1961-62 we ordered and assembled
equipment needed for the base and moblile receiving stetions thet
were a planned pert of the complete wildlife trscking system,
Phileo engineers redesigned the trensmitter (enclosure) end ime-
proved the portable receivers. On June 18, 1962, field work on
the radiotracking of griszlies was rosumed., ’‘mphasis wes first
rleced on setting up end testing the bese, fixed fleld, end
moblle receiving stations--all cperating om 110 velt current and
utilizing directional yegl antennsa. This combinetion of tracke
ing stations w:a not fully functional until September 2 when the
mobile unit wra completed snd put into operstion. “ven after
this period there were technical problems and difficulties that
had to be ircned out in the course of loesting snd tracking ine-

strumented grizzlies. When these were {inelly worked out st the

"4
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close of the sesson, the trecking system's performance and poten-

tizl were net only satisfectory but excesded cur expectations,

WILDLIVE TRACKING SYSTEM AND GIERERAL FURFOENARCE
A detailed description of the wildlife tracking system is
treated leter, Brlefly it consisted of e base ststion located
at our lsborstory at Cenyon snd a fixed field station situsted
on top of a commanding hill eight miles (airline) from the base
station #»nd in the heart of the grizzly bear summer habltet,
These provided locstion through trisngulastion or, where only
one station was funetionsl, the determination of & besring. In
the latler case the moblle unit wes driven to & suitable position
and the instrumented grizzly located through the intersection of
\%ﬁg or more bearings. When the grizzlies traveled bayond the
renge of both fixed stations, the mebile unit wss used to lo-

cate the besr, determine his ;osition, end then track him from

a distence. The portable trecking units performed the ssme

functions 28 the other stetions, thelir unique contribution and
and grestest asset being thet they enabled us to wmove in on the
grizzlies and to observe and follow them at cleose renge.

It wes revesled through tests and ectual trscking of grize
zlies that the redesigned trensmitters mmd t he improved combina-
ticn of receivers had the following cherescteristics and general
performances

l. HRsnge -=- Bese and field statlion (fixed) en operationsal

reception of 0«10 miles snd up to 20* miles under fave

orable eonéiticnﬂ;Vhortsbld units an operetional renge

W!A/( aLVh.(,TcZn /’,@%tw//l/ /L /A é'—(FMLé s # L
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of 3-5 miles end &+ miles under favorable conditions,

2. Transmitter Life -« Prom 2-35 months with 6 or wore
poasible; batterles replacesable,

3. 31ze and welight -- Transuitier-collar antenna assembly
251%;{ with mercury battery pack; transmitter weignt
1.8 s2,3 size 1" x 1" x 2"; waterprsof and shockproof;
portable recelvers apnroximately L lbs,

Le Signal pulsed at different rates with the pulse astable
enough to readily ildentify individual transamitters
(animals),

A coaparison of this performance with the original track-
ing system requirements az sostulated reveal that the system,
as perfected to date, eilther fulfills or in n08t cases excesds
the reguirements, The transmitter assexnbly exceeds the welght
originally thougnt desirsble, However, welght is largely a
function of renge, life, and ruggedness and could be reduced
at the expense ol the other factors, The present welght is

readily tolerated by the griz=zlies,

TRANSHITTERS

Phlleco's Western Develosment Laboratories provided us with
8ix transmitters, newly designed by tnelr electroule enginesr,
Joel R, Vamey, The transaitter schematliec, description and
temperature and voltage tests are oresented in the enclosed re-
port, The power output of these tranasitters varled from 90 aw
to 170 mw, and each was pulsed differently from a low of 62

pulses per minute to a high »f 109 per minute, If nulsed much
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below 62, dlfficulty may be experienced 1in plcking up the signal
on the general coverage recelivers, With thelr criticsl tuning
it 1s »on2ibla to pass the sipgnal during & lull, All six transe
mitters were fleld tesated for signal range, but only three werse
used to instrument grizzlles, They opersted on a frequency of
32,0036 Me, ™eld tests and tracking results indicated that

the nirher powered transultters were more sultsble or tracking
grizzlies in the rough and timbered Yellowstone country than

were the lower powered cnes,

Transsitter rowe
ar Pulses per lim, output Jew Used

1 90 To test recelvers

2 107 G0 drizzly #96

3 62 G0 Piberglassed-testa

i 82 140 Gelzsly #37

5 109 %0 Tests-returned to Phileo
6 73 170 Grizzly 440

REFINZMEHTS IR COLLAR PREPARATION

With minopr changes, the first trensmitter-collar asseubly
(#2) was fiberglassed, and the bear instrusmented as in the proe
vious season, For fitting to the neck the collar waa broken
and joined at the antenna tuning ecapacitor, As a result, this
could not be flberglassed though 1t was strengthened with
acrylic, wrapred with tape, and encased in ;" polyethlyne bralde
ed rope, Nevertheleas, this appeared to be & vulnerable apot,
the weakest link In the collar,

The next two transmitter assemblies to be used (#6 % #4)
wers prepared in a d4ifferent fashion, The metal strep antenna

was cut in half betweon the transmltter and the tunlng capacitor,
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Holes were bored on elther slde of the cut to permit size adjuste
ment snd bolting togsther, The transmitter antenna assenbly
tneluding the tuning capacitor was then strengthened witn fibere
glass ¢loth and epoxy resin, A small hole was made through
which to tune the capaciter, Only the adjustable bolted portion
was left bare, When instprumenting, the antennsa was bolted toe
gether at the desired [itting, UNext, the collsr was wrapped
with 3" polyethylene rope, and the final wrapoing over the bolte
ed connection belng completed after the collar had been sut on

a griz:ly. The rope onds were heat sealed and wrapped with |
tape, This provided a muech strongsr oollar with less liioll-
hood of its belng torn off or danaged, Instrumentation eould,
be comrleted in & half nouriieas. In a&ditioﬁ to this change
the battery pack wsas altered, 3even mercury batteries counscted
in serlea were wrapped with tape and then ilnaerted into & fibere
glass tube the samne dlameter aund length ss the pack, This was
fastened to the antenns with tape and and then firmly secured
with fiberglass wrapping and spoxy reain, An advantage was

that the batteries could be removed from the preformed tube

and replaced by new onaes with & minimus of eutting, Irregulare
1tles Int he fiberglass canse, or holsa where water might enter,
wore smoothed or realed with acrylie, Transmitter asseubly #3
was prepared like 6 and L, but lnstead of belng wrapped with
rope, it was encased in a section of light rubber hose, There
were apparent advantages to this encasing, but 1t was not used

on a bear,
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The completed celler # wes wrepped with & bright coleor
plastice tape when put on grizzly #37. This enebled the ccller
to be seen more readily, 8 distinet sdvantege in diagnosing
trouble should ths besr be seon but the signal not hesrd,

Some helr on the neck wes also c¢lipped. Unless this is
done, the long fell pelage covers the celler, hiding it from

view even ot close renge.

G R HAL T ACKIRG PROCIDURE

The combination of treucking recelivers wes not completed
until the sceason wes well sdvaenced snd optisum perforusnce of the
entire system was obtsined only &t the close of the sesson. The
firet grizely (F96) was instrusented August 17, the seoond (#40)
on September 3, and the thivd (#37) on Octover L. The mouile
unit waa completed end put into service Septeaber 2 but was not
availeble when the first grizsly wes Instrumented. The theorete
tcel 1ife of the battery peck opersting the trenssmitter on #96
was 3% months, and the last check for signals from instrumented
beers wos made on Cotober 30, The sctual trecking period was
2% months.

After instrumenting and upon release the grizzlies were
tracked with the porteble units, In subsequent days the bears
were located by checking for the signal with base, fleld, md
moblle stations, The procedure wes much the same for gll bat
the pertable units., After th; receliver had warmed up, 8 teat
transsitter on the same frequeney wes turned on and the recelver

tuned %o pick up the signel. When the slgnsl wes pesked, the



transaitter was turned off, and the operator listened for a
signal frow one of the Inatrumented grizzlies, W¥While listening,
the antenna was rotated through 360 degresa or until & signal
wag neard, If no signal was recelved, the recelver was retuned
with the test transamitter and the process rapsated, If stlll no
signal was received, the tuning waa altered to either side of
peak and the antenna again rotated, When & sipgnal wes plcked up,
the recelver was tuned to get maximum slgnal strenpgth, snd then
the antenna rotated to again determine the maximusm algnal
strength and thus the dirsction of the signal source, Ulrection
from the fleld station was read of the direction indlsator

dilal on the antenna control box, Vith tn& other units coupass
sightings were used to obtain directinn., The pulse rate was
counted to identify the aslgnal, 7The signal was then monltored
continuously or interaittently depending on circumstances and
the inforaation recquired, If posaible, a fix was obtalned by
getting two or more bearings with the comblanatlon of receivers,
Theae weore plotted on contour maps, ¥hen 1t seemed desirable,
the trackers témn moved in on the grizzly with the portable
direction finders, This final operatlion was the payoff as this
permitted close gpproach and sctual cbservation, Dus to tech-
nical diffieulties, the portable receivers wers not initially

as ef'fective as they might have been, but final results more

than excesded exsectations,

INSTRUMENTING AND TRACKIEG

Two of the major ailms of the radistracking work have been
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to develop and perfect a radlotracking system and to utilize
thls system in obtaining information about the grizzly, Develop=-
ing the system has had to precede data gathering, and for this
roason we have attempted to lnstrument bears aboul whom we ale
ready hed consideravle Information regarding activities, habltas,
and movements,

The first bear to be instrumented withia redioc in 1562,
#96, waas a relatively unknown, 3he wes the littermsate of §76
(Peg Leg), & griszly we were well acqualnted with, 3he was a
Iy or 5 year cld female welshing 335 pounds when capturad, 3he
was shot at night with a COp gun and after belag struck with
the dart disappoared in the darkness, When finally located, she
was recovering {romx the effects of the 1waobii1ziug drug and had
to be roped, pulled to & culvert trap, and pushed inslde, The
next day she wes egaln drugged and immobllized for instruménting,
she had previocusly bsen trapped on July 27, 1961, snd st that
time welghed 270 lbs, This animel had a polnted rather than &
broad wedge-shaped hend, The eircumference of her hesd and neck
wars the ssmee=20", ‘This wmorphologleal characteristic was not
ideal for a collar, Nevertheless, she was instrusented int he
afternoon of August 17 with a transmitter asssembly having a life
of aporoximately 105 days., We followed the techtnigue used the
year before, Tho next day we pleked up her signal from our
billtop fleld atation at G:45 a,m, and monitored her until
12230 p,m, Yer direction was due esst, ¥We tried to move 1n on

her using a portable finder whilo keeping touch with the field
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station by welkie talkle, We were unable to plok up her signal
on the portable receiver though we covered an airline distance
of I} miles, The effsctive range of thls recelver st tnls time
was only | mile, While trying to spprosch the bear, we recelved
her signal loud and clear at the (leld atatlon, Her location
reneined due 2ast and at least i} miles away, We checked for
the signal again from 6:30 to 5:30 p.m, but were unable to
plek 1t up, Ue never agaln received thils algnal though we chpcke
ed from August 18 to September 0 using the base and fleld sta-
tions and the moblle unit when 1t became avallable, VYe monitore
ed for the signal from the top of Ht, Washburn on August 30
and subsequently at high spots throughout the Park--Lake, Weat
Thumb, end Old Paithful, On September 8 #40 was instrumented
and fprom then on all monitoring for this animal waa a check for
the signal from 796 as well,

The next two griz:slies Iinstrumented (#40 end #37) had
both been instrumented the year belore, Tho same bLears were se=
lected in order to provide continuity of information, umber
40 was & mature female that hed besn tracked intersaittently
for a month in 1861, Vhen trapped in July, 1960, she weighed
175 lbs,; by October of the same year she welighed 230 lbsg
approximately a year later when instrumented she welghed 300
lba,; and on October , 1962, when captured and again instrue
mented, she had inecreased to 30 lbs, 3he, like /96, was ashot
after derk with an lamobilizing drug, When located, she was
able to 21t up and aso was roped, dragged to a culvert trap,

and pushed inside, 5he had sufficlent use of her jJaws and
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paws that had we not particularly wanted her we would have
refrained from handling her,

Number 37, a three-year-old welghing 440 lbs,, was trapped
near Cld Falthful, He previously had worn a dummy transmitter
collar for over a year and was then Ilnstrusented in 1961, Ve
had been gradually accumulating an interesting history of this
an imal and were relatively well informed on hls movements and
activities,

Numbers 40 and 37 were instrumented wi th previously men-
tioned changes in collar preparation, The most powerful trans-
mitter (170 mw) was placed on #40 and the next most powerful
(140 mw) on #37. The calculated useful life of the battery
packs powering these two transmitters was 60 days, The signal
from #40 was monitored for a week and then lost, but checking
and listening continued for over three weeks until we deter-
mined that the transmitter was no longer functioning, On
September 29 and subsequently the animal was observed wilth the
collar intact but with no signal being emitted, We suspect a
transistor burned out, Several unsuccessful attempts were made
to retrieve the collar, During the period that this trans-
mitter functioned, we obtained information useful in perfect-
ing the system, Throughout the season Philco engineers sent
us portable receivers of varying design., With the portable
unit we had at the time we were able to plck up the signal
from #40 at a distance of 24 miles and then move to within a
few hundred yards of the bear in dense timber, The best range

we had previously obtained with this same receiver with a 9O0mw
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transmitter was about § mile, On two occasions this animal

was tracked contlnuously for four bours uslug & portable ro-
ceiver, At closs range woe experlenced diffleulty osbtalning

a null or chenge in signal strength and thus could not deoters
mine signal sosurce, In donase tilmber thls was hasardous &9 we
ran the risk of suddenly jumping the grizzly, The tracking of
this animal with the varirus recelvers and the subssguent two
woeks Intensive seaprch for her orovided information on the cane
abilities of the asystem and revealed some of the problems we had
yot to overcome, A systematic sesrch for the signal was nade
over an extensive ares of Yellowstone with the mobile unit,

The tracking results werc nogative as we were listening for a
signal that apparently no longer existed, However, froam this
monitoring accompanied by testing we learned that from a rels-
tively elevated spot we could cover a lot of country 27 line

of aleght (10 to 20 miles) and do gulte woll behind hills and in
timber, providing there was not too much shielding effect, It
appeared that we could pretty well count on pleking up instrue
mented anlmals within within L6 miles of supr amoblle unit,
Poorest recention occurred when the signal source was at the
same elevation ag the tracking unit with ralsed topography and
timber Iintervening,

Humber 37 was successafully tracked for s poriod of two
woaks from October § through Cetober 18, After this date the
signal was never agaln heard though an intensive snd extensive
search was made over large expanses of Yellowstone In an attempt

to relocate this animal, Following release, #37 was tracked



with the hilltop fleld station and the movile unit and was
also located and tracked with the jortable units, He moved
an airline dlstance of 18 miles from Trout Creesk to the Old
Faithful area, and hie movesents were tracked and course
plotted during this journey, From the fleld statlion, we detere
mined that he was moving toward 0ld Paltuful, and t-e next
evening he was located with the moblle unit, We picked up
this animal »u all unita with the exception of the base station
and determined his position through trisngulation with the
combination of field stetlion and moblle unit and by means of
the mobile unfll/alone from two or more points, He was continue-
ously tracked for & perlod of 30 hours, He was also lured
into balt, tracked while coning in to 1t and observed all one
night and parts a: others while feeding and azsocleting with
eompenion besrs, Observations were made on the condition of
the collar and the bear's reacilon to it at close range,
Prom the security of a trapblind, flazbn photographs were o0be
tained of #37 wearing his redio collar, Although he was
located and bLrlefly trecked with the portables, he was not as
clesely followed and obaserved as planned, The portables were
stlll not performing as expected, and thelr rangs with this
transaitter was too limited,

Typloal of such attompts was the following as recorded
in fleld notes: ™After locatling with the [lzld atatlon sn
attoupt was mede to close in on grizzly #37 with the porte
ablea, Two and a aalf hours were aspent Iin thls endesavor but

no signal wes pleked up 1n the rough timbered country
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sncountered, We were unable to get close enough te nlm, and
from the leld station we lesrned that he wasz on the move and
traveling at right angles to the enurse we had atarted off on,"
The signal from #37 was last heard the evenling of October
18 and the bear was also sesn with the collar atill intact,
An Increasingly intensive seapeh was mede for this aniunel from
the 19th through the 30th, starting In the area where the aige
nal was lest heard and spreading to all parts of the Park
accessible by rond, Typleal of thia search was the followlng:
On Cetober 2!, the wmobile unit was eamployed in the southwestern
parts of the rark, If we use I miles as & conservative or
average distance thet the aignel could be pilcked up, we covered
616 square miles that day In an attempt to lodate the griz:ly,
Toward the laszt of the month, Philleo englineer Joel Varney
deterulned that our portable recelvers were off {requency,.
Afteor correcting this, we cbtalned an elfective range of six
miles, HEmploying thls portable from a moving vehlele, we drove
over most of the maln Park roads on Uctober 28 and 79, Flgure
ing en aversge or operational renge of 4 miles, we wonlitored
784 and 736 square miles, respectively, or over 1500 square
miles in two days., This is en arem equal to approximately
nalf the entlire area of Yellowstone National Park., There
were, of course, distant parts of the Park that could not be
reached, and rough terrsin and other conditions made it posaible
for the instrumented bear Lo bave been within recelver range
and at!1ll not detected, We susoect he had traveled beyond

reach of our detecting equipment, However, the fligures do glve
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soms idea of the potential of such a system for loc ting and
tracking anlmals over vast areas, The close of the season
found us with an electronic research tool that could meet the

demands set up by our ecological objectives,
4

PERFORMANCE OF COMMUEICATION SY37TEM

In 1962 we added a mobile transcelver and two portable
unitas operating on the Citiszens Band ZTmec channels, In addie
tion an efflclent base station antenna improved transmission
and recoption over the howmsmade antenna used in 1961,

The communication system was invaluable 1o tracking and
in tegting, It has proved adequate for our needs, The effooe
tive range of ocur combinatlon of base and mobile units 1s ,
betwann 8 and 15 wiles, end 1 to 3 mlles employing walkie
talkies and mobile unita, 7The Increased dlstance obtained with
the portable treacking units (6 miles) will aake 1t deatrabf-,
if not necessary, to go to one wktt walkle talliss with thelr
greater range, In testing a Li0uw trensmitter with the moblle
roceliver we were able to recelve the signel at distances where
the CE reception bad faded out, Continued refinenent of the

volce communicetion system should inersase range and perforsance,

PROBLEMS ENCOUNTERED

The sroblems encountered can be classified under two
hesdings, ecologleal and electronle, The former proved more
difficult to remedy than the latter,

Trapping of vears and the capturing of partioular grize



«i5e

zlies proesented more of & problem than had been antleipated,
In previous years the trapring success percentages were 795,
72, and 60 as compared with 32 in 1962, Decreased trapoing
success wes due to svae animals becoming trap-shy and to a
greatly increased food supoly, & wet apring and suumerp
encouraged a lush growth of vegetation, This along with a
good Earry crop and an unusually good slne nut erop provided
anple food, aad thus decreased the inceutlve for bears to
enter baited traps,

The ma jor effort at lustrusenting and tracking was
planned for late susmer snd fall when the equipment would be
ready, In paat yesrs tue zrizzllies hed not dispersed [rom
thelr summer concentration uantil mlde3eptember, In 19462
they started dilaspersing lo mide-iduguast and scattered widely,
many beyond the PFark borders, This early dilspersion was probabe
ly alao influenced by food supnly. It tended to lncrease
the difficulty of trepolag and ecanturing grizzlies, and it ine
cresased the problem of tracking them at a tinme when the tracke
ing system was loncouplate or not funetioning osptimally,

Throughout most of the suwamer, a reconditioned 3X-T1
Hallierafters was used as the base set, This general cove
arage recelver waa not & senaltive as desired on the 32me
frequency, the tuning was too eritical, and 1t tended to
drift, This reduced the range and uzefulness of the base set,
By the end of the zeason the Hallleraftera was raplaced by a
BC109 with improved performance,

Until the end of the sesason the portable direction finders
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did not perform up to expectations, These were crystal cone
trolled, and the crystals were found to be slightly off free
guency with the transaslitting eryatals, though specifications
for both were the same, With & matehing »f erystals, reange
inereased from § mlle to over & mlles,

A test transmitter was used to tune the general coverage
receivers to the osroper frequency before checking for the sige
nal from the instrumented grieszlles, When all trananitiing
erystals are ground to the same speciflications, tuning is
greatly sluplified and signel plekup, particularly at a dis-
tance, enhanced, Transmitter #7, which was put on grizzly
#96, may have been slightly off frecuency, and this may have
accounted for our Inability to plek up a signal after the
first day, It took time for all personnel iluvolved to become
familiar with the receivers and efficlent at tuning, It is
guite rossible that iniltially some siznals were missed due to

our ilnexpasrience,

EVALUATION AND TRACKING A83ULT3
By the end of the 1962 sesson we had & wildlife radloe

tracking system capable of locating and tracking instrumented
grizzlies et a distance and in rough and heavily wooded terrain,
Individual grizzlies could be recognized from the pulse rate

of the transaitter, Portable directional recelvers made 1t
possible to move In close on the grizzlies and follow thelr
movements and observe thelr asctivitiea, The system met our

original requirements and can s till be improved,
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Zeologleal and natural history date had boen gathered using
the tracking aystem, but eompletion and perfection of the systeam
bas had to recelve emphasis and priopity, We have not yet done
sufficlent tracking with & fully functioaning system to analyse
results,

Wo learned that following druzeing, lnstrusmentation and
release bears ususlly remained in tiamber cloase to the release
spot for about a Zie-hour period, They apparently slept off
the continulng effects of the drugs befopre moving about,

Animals released In the sres of capture tended to remaln
there and had a limited ranze for periods of & wesk or more,

Onee an animal decided to move, he covered ground rapldly
and appeared to have an objective in aind,

The bears were active day and nigzht but most active at
night, Considerable daylight tlme was apent in a timbered
retreat, Night feading at balts terminated befeore daylignt,
and bears moved off to daylight retreats,

In a number of cases grizslies started moving in ¢o balts
or known food supplles before dark,

Froa the tracking we learned which bears the instrumented
one assoclated with and wore able to observe thelr reactlon to
the eollar, Kelther the instrumented asnimal nor companion
bears appeared to notlce or worry the collar, They seomed to
conpletely ignore 1t, though they may have made attempts at
renoval within a day or two after instrumenting,

In dense timbered stands typleal of Yellowstone, it was

possible to approach within & hundred yards or so of a grizzsly
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without alther secing or hearing him, even though his approxiuate
poaition was known via pradio,
Jome data on feeding habits was obtained and activity

patterns ars either taking shape or heing conflirmed,

COLLABORATION AND COGPERATION

¥pr, Joel Varney, “hileco snginesr working under direction
of Dick Davies, visited us August O=l0 to ses irst nend the
probless we were eanccuntering 2nd test equipment ne nad Jdesligned,
He pave us invaluable assistance and obtalned information helpe
ful in {mproving future transmitters and recelvers, He made
anothar short viasit Uctober 25«29 and egain made numerocus
contributions and helpful sugpestions, Tt wasz at tuls time
that heo ran down the trouble with the portavle recelvers and
remedied the 4iffieulty,

Mpr, Hoke Franciscus, amateur radio operator (W3ELV),
visited us from August lZ-l8, helped us lmprove receptlion on our
base and fleld statlionas, and contributed to numerous aspects
of the project, During the nset winter he had advised on radlo
equipment and helped with the bullding of telemetering devices
planned feor future data gathering,

Without the conaldereble contributions of Phileco englneers
and the help of Hoke Franciscus we would have been unsble to
achleve the gratifying progress made over the last year,

The same organizations that cooperated in our 96l erfort

suprorted and helped us in 1962,
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CORCLUBIONS AND FUTURZE WORK

We finished the senson with a tracking aystem that wuore
than met our original spscifications snd objectivesa, and we
obtalined infrrmation and discussed plans for further perlecte
ing 1t, The system in its present state of develosuent has a
potential not only for tracking and following the movements of
grizzliea, but of securing a wide range of hitherto unavallable
information on these anlwmals, The application of the aysten in
the study of other &1@?§;§aiaa should pose less problems then
with the grizzliea and will prove to be & valuable tosl in
both ressarch and management, From now on the penduluas should
swing from developuent to data gathering, The major problems
and hurdles have been overcome, what might be terwed scologleal
problens, some arizing from conditions beyond our control, will
always exlist, but many of t ese can Le antleipsted and through
various measures reduced to a minlaum,

Puture work will be directed toward Instrusenting grize-
slies sarly in the season (soon after coming out of hibernation)
and following and observing thes untll winter arrives, If
possible, grizzlies #37 and #L0 will be instrumented, and
atteoupts will be made to put a transaitter on the doalnaat bLoapr
in the grizzly Lear hlerarchy. It soswms guite llkely that all
thres instrusented bLears will be recaptéired in 1963, This will
enable us to carefully exanine the t ransmuitters and to perhaps
deternine why or bow we lost track of these animals,

We will seek to securs & closed venicle suitable for use

a3 a moblle tracker and laboratory, This will improve the
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efficliency of ovperations and provide us with & veizlcle that

can be used excluaslvely for tracking. The moblle unit slckup
truck 1s also noeded for haullng traps, welghing bears, &nd
general duty, We plan to equip a vehlcle with an antenna mast
that can be readily cranked up and down and with a semi-collapse-
ible yagl antenna, <Thls will make 1t possible to drive in
neavy traffic or over back rosds overhung with trees, HRotating
loop antennas will also be sscured to the roof of our other
vohicles and wired so they can be plugged into portable units,
The nortable units can thus substlitute as moblile units, Direc-
tlonal Indicators will be installed, and onecofl the wmoblle CB
communication units,

Philco engineers plan to rebulld the three portable direc-
tional receivers incorporating the last design changea that
enabled us to obtain 6 mile reception, These will alsc be
further altered and lamproved In line with Joel Varney's recom=
mendatlions based on fleld use, An attempt will be made to
eombine a directional recelver and volce comuunication transe
ceiver into one imstrument, Transuitters number 1 and 5 will
be stepped up to 1l70mw sad all new ones will have this power
output, The time interval of each pulse may te reduced in
some transaltters to provide increased life with the same power
supply. It may also be foa%!ble to use lighter battery packs
with comparable power for ao%o tracking objectivea, we may
experiment with a 35 He trﬂ&smitter and compare performance
with 32¥e, “or some typea of tracking the lower frequency

may have advantapgss, Phil@a engzinesrs plan to minlaturize
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the transducers we bullt for telemetaring environuental snd
physiocloglical Information, The prototypes were tested last Py
winter and additional testing 1s continulng, It 1s hgﬁcé éhﬁt
they will be ready for field application in 1963,

Zlectronic timekeepers, instruments capable of turning
transulitters off and on, are under development by & nusber of
companisas, Tt way be possible to acquire a few of these and
atart oxperiments with a command system, The posalbllities
will be explored,

Tracking and locating from a nlane hes aome sdvantageas
over terrestrisl tracking and can be & quite useful suppleusnt
in aigration atudles or with wide rangling animals, The posasi-
bility of running some tests wilth prassent equipment from a
nelicopter and the feasibllity of using a hot alr balloon for
an alevated fleld station will be investigeted,



DETAILS OF RADIOTRACKING - 1962

TRACKING SY3TEM STATIONS AND UNITS

Bage 3tation Hallicrafters Sx-7l-replaced by National

(Canyon) NC109 Dow-Key pre amp 110 volt AC, 5 ele-
ment Mosley antenna (YB-30-5) incorporating
# gamua matching system, Forward gain of
9 D B over a half wave dipole, Pattern pro=-
vides wide angle coverage while maintaining
a front-to-back ratlo in excess of 20 D,B,
The input lmpedance is 50 ohms, Antenna
height 25 feet and just slightly above roof
ridge, Mounted 1n horizontal position, hand

rotated, Approx, 50' of RG 58 U coax,

Fleld Statlon Spsaker and headphones National NC188 with
(Trout Dow~Key in-line coaxial pre-amplifier (booster)
Creek)

1,5 through 30 Me, 3 element Hy-Gain wmodel
113=-B Citizens Band beam cut to 32,02 Me,
Forward galn of aporoximately & D B over a
half wave dipole, Hrected on a 30' tele=-
scoping mast secured with rope guylines,
Hast hinged at bottom to facilitate raising
and lowering, Location a nigh hill,

A trice-rotator and control box with five=-
wire cable used to control antenna rotation,

Direction indicator on control box,



HMoblle Unit

(Plekup
Truck)

Portable Unilts
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Antenna coax (RG 58 U) and control cable

ust, >?ower supply portable gasoline genera-
tor, 110 veolts, 1700 watts, |

Tried FL-0 audlo filters connected to output
of recelver via the headphone jack to Increase
gelectivity but found unnecessary,

CB portable or moblle uanit for communicatlion,
National Ne 188 with in-line coaxial pre-anp,
Receiver enclosed in plywood box and cushloned
with rubber mat, Used Iinterchangeabvly for
field statlon and moblile unit,

3 element Hy-Galn 28 Me antenna (model 1033)
reduced to 32,02 Me., Gamme matech, forward
gain of approximately 8 D B, 30" of RG 58 U
cable, Hinged base fastened to bed of truck
permlts railsing and lowering of antenna,
Antenna rotated by hand, Antenna and mast
quickly removable, Antenna height above
ground approx, ~l', above truck bed 13°',

Power supply ATR Universal inverter for opere
ating 110 volt 40 eyele AC equipment, Input
12 volts DC, output 110 volta 150 watts,
continuous operation, R&F interference suppres-
sion, Headphomes, Compass for direction.

CB mobile unit for communication,

Three portable dliresctlional tracking units:
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PROGRESS IN BIO-TELEMETRY STUDIES

CF GRIZZLY BEARS
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Frank C, Craighead, Jr., National Geographic Society
and Montana State University
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Since reporting on the progress of our radiotracking work in 1961

at the bio=-telemetry meeting in New York (1) we have made eleven instru-
mentations of grizzly bears (Ursus arctos horribilis). Iwo animals were
instrumented in 1961, three in 1962 and six so far during this summer of
1963. Some of these bears have been under radio surveillance for a month

or longer and others = due to loss of collar, or mechanical failure = have
been tracked for shorter periods of time. Before the present season is over
we expect to track some of the instrumented grizzlies for two or more months

and follow one to its "hibernation" den. Recently, we have been simultaneous- 7%' 17L
ly monitoring four instrumented grizzlies from our Yellowstone bio-electronic iy
laboratory. We can pick up the distinctive signal from any one of these |
bears, twenty-four hours a day at distances of 10 to 12 miles. Each animal
is wearing an 1.8 oz. "Philco" transmitter pulsed at a different rate. In
the case of these four animals the rates are 50, 62, 7h and 92 pulses per
minute. The power output of the different transmitters varies from 90 to 200
mw, All four pulse rates can be separately distinguished and bearings obtained,
although at times some difficulty in making fixes is encountered if all L bears
are in the same general direction or if one or more of the signals are weak
due to distance or shielding effect,

An instrumented bear is located by obtaining compass bearings from the
base, field, and mobile stations., We then move in toward the point of inter-
section with por table direction finders designed and built by Philco Corporation.
Our present tracking system has the demonstrated capability of locating instru-
mented animals at distances of 15 to 20 miles as well as a "closing-in" ability

that on occasion has enabled us to approach to within LO feet of a bear before

being detectede.



In the course of studying the grizzly bear, we have captured and ear-
tagged 16l different animals. Each of these marked grizzlies is given a
number, and I will refer to these numbers in naming or identifying instru-
mented individuals. Bear No. LO, which we have been tracking and monitoring
for a month this season, has been instrumented and tracked for three con-
secutive years, Bear No, 7 has been instrumented twice in the same year while
two other animals, No. 37 and No. 96, have been instrumented and tracked for
two consecutive years., The career of No, 37 as a "radio bear" terminated when
he was shot by a hunter just outside the south boundary of Yellowstone Park,
Grizzly No. 96 wore a transmitter collar for almost a year's time. She hiber-
nated with the collar on and then came out of hibernation still wearing it.

She made her debut with two cubs as well. Soon after leaving her den, she
travelled from the northeast portion of Yellowstore Park to Hayden Valley where
we made a recapture by shooting her with a propulsive syringe dart containing

an immobilizing drug. While she was anesthetized, we removed the transmitter.
Although the batteries in the transmitter-collar were dead, the transmitter was
still in working condition. We placed another radio collar on the bear but
unfor tunately, the battery pack in the new collar became shorted after a week

of operation. The bear immersed in water, apparently soaking in one of the many
thermal pools common in the area. This transmitter was in turn removed by re-
capturing the grizzly sometime later,

Although we are still developing the tracking system and yet have much to
learn about its potentialities, we now have had three years of tracking exper-

ience from which to evaluate possible applications and future use,



The tracking system we have developed, tested, and put into operation
has not only fulfilled our original requirements but has exceeded our ex-
pectations in many respects and we have not yet taxed its capabilities.

Some idea of the potential of the system is revealed by the figures
computed in searching for instrumented grizzlies at the close of the season
in 1962. In two days we monitored approximately 1500 square miles of Yellow-
stone country using a mobile tracking unit. A four-mile signal range was
used as a basis for computing the area covered. From the top of Mt. Washburn
approximately 1200 square miles were theoretically covered at a single monitor-
ing with the possibility of good signal reception from many localities within
this coverage.

Our present tracking system consists of the following:

Base Station consisting of a general coverage receiver

(NC 188) or a modified crystal-controlled transistorized
Citizens Band transceiver coupled to a five=element antenna
on a forty=foot tower. Control accessories include rotator,
control box and direction indicator. Under most operational
conditions the range or reception is 10-12 miles and up to 20
miles under favorable conditions,.

Field Station located eight miles from the Base Station in

the heart of the grizzly bear summer range, consisting of a
general coverage receiver or a modified transistorized crystal-
controlled citizens band unit, A three-element yagl antenna
cut to 32 mc reception is mounted on a 30! telescoping mast.

A rotator and control box as well as the general coverage



receiver are powered by a portable gasoline generator. The opera=-
tional range is approximately 8-10 miles and up to 15 miles under
favorable conditions.

Mobile Units = trucks, pickups, or panel wagons with seatings

for accommodating a telescoping mast and a three-element antenna.
Antenna coax cable connects with a general coverage receiver or

with the crystal=-controlled transistorized C.B. units modified by
Philco. General coverage receivers were used in 1962 but better
results are now being obtained with the modified CB walkie=talkies.
The range of the Mobile Units is similar to that of the Field Station.

Portable Direction Finders or Portable Directional Receivers complete

the receiving equipment, These are the same modified CB transceivers
already mentioned. Readily removable loop antennas are attached to
the top of these receivers and a whip-type sense antenna enables the
operator to determine the direction of the signal source. Antennas
from all other tracking stations (Base, Field and Mobile) can be con-
nected to the portable receiving units. Various modifications and
improved models have been field tested over the past three years.
Present models weigh 3 lbs., are ruggedly constructed and have an op=-
erational range of 2=l miles when battery powered as portable units.

The transmitters are crystal controlled, transistorized, are 1" x 1" x 2"

in size, weigh 1.8 02z., vary in output from 90 to 200 mw pulses and
have undergone several changes in design. The antenna is a resonant
metal loop that when reinforced and padded serves as a collar for at-
tachment. The transmitter frequency is 32,02 mc. Seven Mallory mer-

cury cells, type 1450, power the transmitter from 60 to 100 days.



A citizens band, voice communication system is employed with the

tracking system. It consists of a base, three mobiley and five

portable units -~ all stock items.

At the present time we cannot submit detailed ecological results from our

radiotracking as the field work is still in progress and the data have not yet

been fully analyzed. I would like, however, to mention briefly a few interest-

ing things we are learning about grizzly bears.

1.

20

We have found that grizzly No. LO, one that has been instrumented
3 times in three years, has spent most if not all of these years
within a very limited area. Roughly this area or home range is
about 5 miles long by 3 miles wide. Within this range sow No. LO
has for weeks at a time confined her activities to an even more
restricted area of a few square miles. She has spent most of the
daylight hours resting and sleeping, and these daytime retreats
have been in the same location for three years. Daytime beds of
this as well as other bears tracked, consist of shallow excava-
tions. They are scooped from the earth usually in heavy timber or
dense windfall,

In a ten-day period grizzly No. 7 travelled over a range about 1l
miles by L and this range increased considerably in size as the
season progressed. In the first ten days she crossed the Yellow=-
stone River three times and climbed high on the slopes of Mt.
Washburn. She travelled and foraged during daylight hours as well
as at night. At times she approached close to concentrations of
Park visitors but was seen by neither visitors, rangers nor ourselves

on these occasions. The radiotracking has shown that grizzlies can
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and, perhaps frequently are close to humans without being detected,
Information obtained from this and other instrumented grizzlies may
suggest how encounters between park visitors and grizzlies might

be avoided.

Both grizzly No. 75 and grizzly No, 7 had yearlings that travelled
with them. Although in each case, we were tracking a single animal,
we were actually obtaining information about a family unit of three.
By following bears No. 7 and No, 75 to their daytime retreats, we
found that the yearlings normally bedded down close to the sows dur-

ing the daytime, At our approach No. 75, an old and belligerent

grizzly, gave a warning "woof" to her yearlings when we were 125 feet
away and they took off at a run. Copious saliva around the edge of
her bed revealed that she had been as nervous at our near presence
as we had been at hers., Possibly a decision to attack or flee had
hung precariously in the balance,

When bedded down during the day all bears tracked have, at one time
or another, been approached closely and by-passed at less than 100
yards without being disturbed. They apparently have a reluctance
to leave their daytime retreats unless pressed to do sc. Even in
dense woods and windfall difficult for a man to traverse, they can
move so quietly they cannot be detected by ear. Some grizzlies
have circled us keeping just out of sight,

On another occasion we tracked a boar, No. 76, into a thick stand
of lodgepole. Soon after entering the dense timber we "jumped" a
large unmarked grizzly we had passed by and then startled still

another grizzly, No. 75, and her yearlings. In addition we heard



other bears and found ourselves literally surrounded by grizzlies,
Numerous beds and feces indicated that this was an area where griz-
zlies concentrated to rest and sleep during the daye.

Radiotracking grizzlies has provided considerable direct as well

as indirect information about their diets and can provide much more
in the future. It is also providing data on habitat preferences and
the relation of these preferences to food supply, seasonal condi=~
tions and cover requirements, In following the instrumented bears,
we have observed numerous excavations where all of them have un-

earthed the nests and tunnels of field mice (Microtus spp.) and we

have frequently watched them catch mice., These small rodents have
attained high population levels in the Park this year and the griz-
zlies have been preying on them. Northern pocket gophers (Thomomys
talpoides), likewise, are more numerous than they have been over the
last five yearse. These, too, are being consumed by the bears in con-
siderable numbers. Our observations obtained through radiotracking
indicate that both sows No. 7 and No, 75 are feeding on rodents to a
greater extent than sow Noe. LO. Number LO supplements her diet at a
refuse area and is largely dependent on this source of food during
July and August., This partially accounts for her almost complete lack
of movement or foraging during the day and her regular nightly visits
to this source of foods The nature and extent of human influences on
the grizzly populations though significant is still not fully known.
Such information is needed for informed management and may be essential
for future preservation of the species. In the vicinity of No. 75's

daytime retreat we found numerous lodgepole pines with the bark freshly



stripped. We concluded that she was seeking the cambium and the
pitchy sap that exuded., This particular bear was also teaching
her offspring to utilize the edible cambium and sap,.

7o Information obtained to date indicates that a decided difference
exists in the foraging ranges and in the activity patterns between
males, barren females, sows with cubs and sows with yearlings. For
example, continuous changes in signal strength reveal the greater
activity of a mother with energetic and hungry cubs. This has been
repeatedly verified by visual observation of instrumented animals.
Boars may tend to travel more and cover greater distances than barren
sows or sows with offspring. One young adult boar has been radio=-
tracked in a circular trek of fifty or more airline miles.

In addition to the tracking briefly described we have built
and experimented with sensing devices or transducers for telemeter-
ing environmental data. During fall or in winter we plan to instru-
ment a grizzly with a transmitter employing a thermistor to control
the pulse rate of the transmitter. Changes in pulse rate due to
changes in temperature can be converted to temperature readings of the
collar under pre-hibernating and hibernating conditionse, We have also
experimented with audio amplifiers coupled to small transmitters that
enable us to receive distant animal sounds and interpret them in re-
lation to animal behavior.
I have given a brief sketch of the types of data we are gathering. Perhaps
this is a good time to point out that the primary function of our bio-telemetry
or big game tracking system is to extend the range of man's observational powers,

In practical application this is accomplished in two ways. First, a variety of



data is gathered from a distance with a minimum of time, effort and manpower.
Information on position, animal movement, ranges and activities acquired
from afar has a unique value., The presence of the observer does not influ=-
ence the actions or behavior of the subject. The instrumented animals can be
monitored continuously = at night as well as during the daylight hours. In-
formation on periods of activity and speed of travel hitherto impossible tc
obtain by more conventional methods can and is being recordede. Physiological
parameters can also be telemetered from free roaming animals and we are em=-
barking on this phase at present. This ability to obtain a variety of infor-
mation continuously and from afar has evident advantages. However, I would
like to emphasize that an even greater asset of a tracking system is its
capability of putting a scientific observer in a predetermined position where
he can observe a particular instrumented animal and reason about and interpret
what he observes on the spot. In some 3,000 square miles of grizzly bear hab-
itat, eighty-five percent heavily wooded, man and grizzly can arrange to meet
with the man alone aware of the grizzly's presence and location. He can observe
undetected. This ability to locate, move in or follow and then observe is in
itself a tangible research rewarde

At the present time we can instrument a grizzly bear, monitor its signal
2l hours a day for a month or two, and plot its movements during this time from
a distance, From minor but detectable signal changes we can deduct certain
activities. At almost any time within this two-month period we can fix the
bear's position through the intersection of two or more bearings and then move
in and make visual observations in rough and heavily timbered country. We can
approach sufficiently close to observe feeding activities and breeding and
social behavior of the instrumented bear, to hear its departure if unobserved,

or to continue tracking it when it moves off before being sighted.
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Though there is a widespread, growing and keen interest in the applica-
tion of electronics to ecological research and to the management of wildlife,
there are still some who doubt its usefulness and practicalitye Our results
indicate it has a tremendous research potential and that in planning compre-
hensive field studies of the future, bio-telemetry will be given ever more
serious consideration as a method of gathering data. Within a few years I
foresee that many Universities offering advanced degrees in ecology or in
resource management will have courses in bio=-telemetry. I feel certain that
a majority of State Fish and Game Departments will eventually establish re-
search and management programs employing bio-telemetry systems and methods.
Some have already made a start and many are expressing interest, Practical
applications for Federal agencies are numerous and there is little doubt that
land managing agencies will become increasingly involved in the use of elec-
tronics for studying wildlife, gathering data for management, telemetering
environmental information such as temperature, light intensity, moisture
conditions or telemetering physiological conditions from free roving animals.
Some agencies will even telemeter physiological information from humans for
other than purely medical objectives,

A big game radiotracking system has many applications and at least a few
cf these are worth mentioning at this time as examples of the many possibilities,

Currently, we are conducting a study of the migration of elk (EEEXEE
canadensis) for the National Park Service in Yellowstone National Park. Conven-
tional plastic color-coded neck markers are being used., The information
gathered by observing marked animals is delineating the general pattern of
elk migration in spring and falle Such data will not provide a continuous

pattern of movement. This only can be obtained by daily monitoring instrumented



elk within the herd., The migration and movement data that cam be obtained in
this way will have direct application in the management of the elk herds. There
is also both a research and a management application in the use of radiotracking
to "keep tab" on exotic game species introduced into a new area or native spe-
cies that have been transplanted, Bio-telemetry also has unexplored possibili=-
ties in education, specifically, the interpretive services of National Parks.
Interpretation of Park attractions and values is an important aspect of
National Park management and administration. It would be quite feasible to
devise and set up electronic systems in visitor centers or field museums that
could visually and audibly portray location and movements of instrumented wild
animals. This information could then be related to the big game and range man-
agement procedures and problems of a specific national park such as Yellowstone
where the need to reduce the number of elk to within the carrying capacity of
the winter range poses a problem in public education and must be explained to

the visiting public and to sportsment's groups.
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