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INTRODUCTION

A knowledge of game populations is extremely important to the

game managero The harvest, as regulated by seasons, bag limits, and

area restrictions, is controled by this knowledge. For this reason it

is necessary that some means of determining numbers of game on specific

areas, in an ideal and economical way, be discovered.

Attempts to obtain numbers of game present have included total

counts, indices to trends in population, ratio counts, such ass the

trapping, banding, releasing and retrapping technique and have nt

with varying degrees of success but a reliable method within reasonable

limits of expense has yet to be perfected, especially when applied to

big game species.

Successful ues of the airplane have been discovered with relation

to forest surveys, aerial mapping, waterfowl surveys, soil surveys,

fire detection and suppression and general reconnaissance of game areas

and its value as a tool for use in big game censusing is debated in

many states today.

Aerial censuses of several species of big game have been attempted

in several states with spectacular success with animals that live in the

open such as the elk, Dall sheep, antelope and to a lesser extent the

mule deer.

Same investigators have experimented with oensusinr white-tailed

deer frm the air but due to the heavy cover in which whitetails are

found, these have seldom produced oonsist ent results.

The study reported in this theis Is An attempt to discover

I
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whether or not white-tailed deer can be censused from the air

eoonozieally and with consistent acouraoy. The value of the study is

primarily due to the Thot that the field work was done over an area

of known population and that the most promising, known methods of

aerial censusing plus some new methods were compared by the same

observers.



TEE STUDY AREA

The Edwin S. George Reserve is an excellent proving ground for

the testing of aerial counts of white-tailed deer. This is especially

true because it is enolosed with a deer proof fence which is 7 feet

high with an additional foot of barbed wire overhang. This fence

prevents the egress or ingress of deer during the course of the problem

and allows the population of the area to be known at all times.

The Reserve is a 1268 acre tract of land owned by the University

of Michigan and administered by the Museum of Zoology. It is located

in the southwest corner of Livingston County approximately 25 miles

northwest of Ann Arbor. Previous to its purchase by Col. George in

1927 and 1928 it had been typical submarginal farming land with small

portions under cultivation and the majority in woodlot and pasture.

In 1928 it was stocked with six deer, four pregnant does and two buoks

and in 1930 it was turned over to the University as a natural research

area. The first reliable census was made in 1933 and showed a population

of 160 deer and severe browsing damage. This was the start of the

present managed deer herd.

Harvestin by shooting was started in 1934 and has continued to

the present in an attempt to maintain the herd at a level of from 50 to

60 deer going into the new fawning season. The two sexes have been

taken almost equally with some fawns being taken each year.

The Reserve is typioil of the glacial outwash of southeastern

Michigan with numerous kettleholes, kames, eskers, and plains and its

elevation is between 900 feet in the seepage bogs and 975 feet at the

level of the plains and eskerso The vegetation is well interspersed and
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is composed primarily of grasslands and hardwoods with scattered bogs,

swamps and marshes. The percentage of types is shown bythe following

tablet

Percentage in Types Aores

Grassland 39.7 503.396

Hardwood 34.6 438.728

Brush 1.7 21.556

Bog Swamp 13.5 171.180

Marsh 10.0 126.80

Open Water 0.5 6.340

100.0 1268.00

Winter on the George Reserve is never severe enough to force the

deer to yard, however, deer seeking food and shelter from the storms and

cold winds make intensive use of the lowlands. This past winter has been

less severe than usual but still there were high oonoentrations of

population in the swamps, bogs and swales.

The known population of the George Reserve has varied from a high

of 83 deer present in December when the field work on this problem was

started to 57 deer at the end of April when the problem was aompleted.

This reduction in population during the course of the work was due to

the fact that it ran through the period of harvesting the crop and the

annual increase was shot off. The populations shown here were determined

by a manual drive of the enolosure which was believed to be nearly 10%

accurate, plus or minus one or two deer, by the experienced men who

observed it.
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An airstrip suitable for light planes has been laid out on one

of the level outwash plains which was available for emergency landings

during censusing flights.

EQUIPWAT AND METHODS

The oharhiteristios required of an airplane which is to be used

In census work are principally safety, low cruising speed and maneuver-

ability. Since most of the planes which satisfy these requirements are

high-wing monoplanes, they have the visibility which makes them especially

suited to this work, other desirable features will.depend upon the methods

of censusing to be used and the terrain to be flown over. Because all of

the known methods of aerial oensusing were to be used it was believed

that a tandem seating arrangement would be desirable. This seating

arrangement. would enable each observer to scan the terrain on either side

of the airplane.

The Piper Cub satisfied all of these requirements and so was used

in the majority of oases, the only exceptions were to experiment with a

side by side seating arrangement in the Lusoomb Silvaire. It was found

that in addition to the- difficulty of observing from the same side, the

planes with that seating arrangement usually have a higher cruising speed

than the Cub and for this reason are less desirable over terrain such as

that of the George Reserve. Over rough or mountasinous terrain and where

the strip method of censusing is to be used, the additional speed makes

the plane safer and the side by side seating arrangement will make

communication between the pilot and -observer easier.
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The landing gear may be wheels, skis or pontoons depending upon

the time of year that the flying will be done and the place where the

majority of landings, willbe made. Any of the popular planes of the

type previously mentioned, are easily fitted with any of these kinds of

gear. Wheels were used entirely on this problem because there was never

sufficient snow to permit the; use of skis and the landing field on the

Reserve itself made it possible to land on the immediate area in case

of emergeney.

The tally sheet used on this problem was an atbreviated type map

of the Reserve showing three principal types, the woodlands, the grass-

lands and the swamps (this included the seepage bogs, swales and the

swamps). This map was constructed in colors so that the types would be

distinguishable at a glanoe and was covered with a sheet of transparent

astex paper upon which observations could be noted. The map itself could

have been written on but since numerous counts were to be made using the

same tally sheet and over the same area,' the repeated erasures would

have soon destroyed it. This type map is illustrated in Pit.o5 f

the paper. Counts over large areas could be made using a plat map of

the township or road maps which will show road systems and the more

conspicuous landmarks.

Upon returning to the office the data obtained was immediately

transferred to a prepared data sheet (see Figure 6) and coients were

made while the field work was fresh in mind. This data sheet was used

so as to insure consistency in the notes and so that greater speed would

be gained at the same time.
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Flight Patterns: Airplanes have been used in several different ways

in attempts to census big game animals, those showing the greatest promise

are: 1. A series of adjacent strips covering the area to be censused.

2. By circling one portion of the land to be censused until all the deer

are counted and then moving to the next portion. This is continued

until the entire area is censused. 3. By flying a series of overlapping,

eliptical circles over a predetermined strip. Several of these strips

are covered to census the entire area. These methods are illustrated

in Figures 7, 8, and 9 respectively.

In addition to these methods, attempts were made to make counts

frcm high altitude with binoculars, from three sets of complete aerial

photographs of the Reserve from different altitudes and with different

camera angles .and the airplane providing supplimented data to that-

obtained by a ground oensus crew.

A discussion of each of these methods is made in the following

pages of this paper.

TECHNIQUE AND RESULTS

Censusing by Strips:* The airplane was flown up the middle of

each of eight strips laid off on the Reserve in a north-south direction.

These strips were each approximately 1/4 mile wide and 1 mile long and

were located by landmarks easily seen frm the air. The length was

determined by the distance across the reserve; the width was chosen

because it was believed that 1/8 mile on each side of the plane was the

maximum that could be scanned carefully. This system gave complete

* This method was used by Saugstad in North Dakota and by Erickson
(unpublished) in Minnesota, with slight differences in technique.
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ooverage of' the enolosur'eo

The oensusing was done ±rc 375 feet above the average terrain

level. This elevation was recommended by Saugstad (1942) and seemed to

be the point where the-two limiting factors seemed to balance. These

factors are the apparent speed of the plane over the ground and the

:pparent siz~e of the object to bo: seen (the .apparent speed is greater

as the distance to the ground becomes less and the size of' an object

appears smaller as the distance to it increases) 0 This height was

used .fin all the low altitude methods used in this problem.

All of the counts made by this method were made on clear and

relatively calm days during the last three hours before dark. This time

bras selected due to the Increase in deer activity during these hours.

Resultus The counts obtained. on eight censuses were lowr and extremely'

variable 'as shon by-the following tables

Date X64 of' Deer Present No.. of Deer Seen , ercenta e,

Dec. 40 1948 83 3 39.8

Feb.l 949** s80o0 -0

Feb. 6, 1949: 60 0 0

Feb0 80 1949 60 0

Feb. 19, 1949 59 1 1.7

March 15, 1949 57 3 5.3

March 210 1949 67. 12 21.0

April I9o 1949 57. 18 31.6

** This count was made when~ the air was windy and rough and'..the observer
became airsick oausing the census to be discontinued after four of the
eight _strips bad been..traveiraeo
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The counts made. in the spring months seemed to produce better

results due to the fact that the deer were coming out on the grasslands

to feed. As shall be shown, this has proven to be true in each of the

low altitude methods, where direct counts were used.

Of the 67 deer seen and tallied by this method only 13 or 19.4

were seen in the wooded or swamp areas. This is a very low number of

deer seen in these areas because during the winter months, by far the

majority of the population were found in areas of heavy cover.

The failure of this method to produce consistent results seemed

to be caused by the speed of the plane over the ground and the fact that

the observers did not have sufficient time to thoroughly san the area

though the slowest plane available was being used.

igh Altitude with Binooulars: An attempt was made to scan the ground

below fray an altitude of 1000 feet using binoculars to aid the vision

of the observer. It was found that even when the location of bedded down

deer was known they could not be seen frcm this altitude. This was due

primarily to the feet that the engine vibration prevented the observer

from holding the binoculars still. It was also believed that much

territory would be skipped because of the limited field of view through

the glasses. This method was discontinued after one trial.

Ciroling a Defined Areas Nine rectangular plots were located on a map

of the Reserve which were roughly 1/3 mile wide and 2/3 mile long. These

were laid out so that conspicuous landmarks would serve to define them

to the aerial observer. Continuous circles were made over these plots
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until it was believed that all deer present were seen and recorded,

then the process was repeated with the next plot.

The technique used here was given in print in the Quarterly

Progress Report, Wildlife Research for the period, January let to March 31,

1947, State of Illinois, and had been successfully used on the farmlands

of that state where the deerherd was known to be located. The method was

especially applicable to their state because each 'look or plot was

defined with fence and hedgerows and could be censused with no danger

of repetition in the counts.

Results: The particular ndvantage of this method was that each

part of the plot was exposed to the observers from several different

angles and several times when an observation was made it could be checked

as many times as necessary to obtain a complete and accurate count.

This method gave good results in oomparison with the strip method

but resulted in loss of time because the plots were usually covered more

thoroughly than the situation called for. The counts are very low but

fairly consistent. This lack of numbers is believed to have been caused

by the fact that the four counts made were during the coldest weather of

the winter and the deer were mostly found in heavy cover which didn't

permit good observation. This method was discontinued when the following

method was started, however, the results of the censuses made are recorded

in the following table.

Date No. of deer present No. of deer seen Percentage

Feb. 5, 1949 60 9 15.0%

Feb. 6, 1949 60 6 10.0

Feb. 8, 1949 60 8 13.3

Feb. 19, 1949 59 11 18.4
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Series of Overlapping Circles over a Strip: This method is a refinement

of the previous method and resulted in the most accurate and consistent

results with the conditions of the census changing only in the time of

year in which they were made.

A series of overlapping eliptical circles were flown moving across

the Reserve in such a manner as to cover each part of the strip at least

twioe. These circles were confined to predetermined strips, 2/3 mile

wide, which were established in a north-south direction across the

Reserve. Each part of the terrain could be seen from several different

angles with the plane steadily moving up the strip so that little

additional time was wasted in repeated circles. If an observation was

made which required ohecking, the same circle could be reflown without

interrupting the census. In open areas where large amount~s of ground could

be clearly seen or in places where deer were not likely to be seen, such

as extremely wet areas, the circles could be made larger so as to cover

that section more rapidly. The circles could be made smaller and the area

covered more slowly if the likelihood of seeing deer were increased.

This technique had been used in Colorado by L. E. Riordan and

published in the transactions of the 13th North Amerioan Wildlife

Conference. Riordan flew over rough terrain and his altitude varied with

differences in the ground elevation. He counted only on the leading side

of his circle which was over new terrain, however, in this problem it was

used at a constant altitude and the deer were counted on the leading edge

of the circle and checked or recounted and tallied on the last trip across

that portion of the strip. No attempt was made to set a limit on the time

taken to census the Reserve, instead the time varied with the number of
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observations made, the time necessary to check those observations and the

ease of spotting the deer.

Resulta: Because this method was derived from the circling method

it was used in only the latter part of the field work and thus a small

numbgr of censuses were made. The results obtained were quite consistent

and the counts much higher as is shown by the following table which

shows the results obtained on each census made by this method.

Date of deer present No. of deer seen Percentaze

March 15, 1949 57 34 59%

March 21, 1949 57 29 51

April 19, 1949 57 31 54

It is the belief of the author that the improvement in technique

was only one factor contributing to the improvement in results. The

other being that, these counts were made in the spring when better results

are almost oertain over this type of terrain. The deer move out into the

openings early in spring which contributed to the ease "of censusing

them from the air. The influence of the spring season on aerial censusing

will be discussed later in the paper 0

Aerial Photographs: Three complete sets of full coverage aerial photo-

graphs were taken, obliques from 1800 feet, verticals from 3600 feet and

another set of vertioals from 7200 feet. They were taken on Tri-x pan

film with a shutter speed of 1/220 of a second and a lens opening of f 22

on the verticals and f 16 on the obliques. .. The camera used was a Fairchild

serial camera mounted through the floor of the airplane and which took

a negative 7 by 7 inches in site. The airplane was a 1932 Stinson, a
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four place, high wing monoplane which cruised at an airspeed of approxi-

nately 100 miles per hour.

The scale of the obliques cannot be computed due to the fact that

it will ehange as the distance from the camera changes, however the scale

of the vetticals was 1 to 6,236 on the pictures taken from the lower

altitude and 1 to 10,472 on those taken from 7200 feet. The photos were

taken between 11 o'clook A.M. and 2 o'clock P.M. on March 15, 1949, which

was the day following a snow storm which left from 2 to 3 inches of snow

on the ground. The verticals were taken with a 50% end overlap in order

to provide stereoscopic coverage and were scanned under a 2 power lens

stereoscope.

High Altitude Verticals, The small scale of the verticals taken from

7200 feet made an object 8.75 feet long, actual size, appear to be only

.01 inch long on the photograph. This made any deer appearing on the

photograph, only .005 inch long and made it unlikely that any deer would

be seen and recognized except under the most perfect conditions. No deer

were seen on these photos, in fact nothing was seen which even resembled

a deer. The scale of photos from this altitude is to small for use in

eensusingo Figure 10 is a sterogram of pictures taken from this altitude.

Medium Altitude Vertioale: The photographs taken from 3600 feet made an

object 4.38 feet in size appear to be .01 inoh< in eise,4his when magnified

twice or more times makes it mush more likely that a deer will be seen.

In. several cases it was believed that saill groups of deer were seen but

sinoe they were in the woodlands and the shadows dimmed their outlines,
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positive identification could not be made, On two occasions groups wore

seen which left little doubt as to their identity, one of' these is

illustrated in a stereogram showen in Figurwe 11.

LcmrAltitude Obiges: The oblique photographs arinot be used steroo-

soopielly and so were soannied tinder - 7 powe~r bi-nocular microscope.

It was believed that 20 power might be used to make positive indentificetion

but it was found that this megnification brou- ht out the c-rrin of the

photo and made reconition impossible. The derk shadows under the trees

seemed to completely black out detail in mnny pieces and these photo-

s,rphs failed to ,llow positive identificrtion of any deer on the arep.

Discuassion of' Possible Use of' Aerial l~mtorR nrshs~i at The

detail obtained in serial photor-rapha seems to sutF est their Ilse in

oenstisirmg, howvvevr, those used on this problem concllusively prove thnit
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hand cameras can readily be used as an aid to counting numbers of animals

in large concentrations. This has been done with waterfowl in particular

but it has been successfully used in counting deer concentrations in

Illinois.

The Airplane in Combination with a Ground Census=*** The airplane was

used to observe and plot deer movement occurring as a result of the

activities of a census crew on the ground. This data was used to

supplement that taken by the ground crew in obtaining the minimum

population of deer on the Reserve.

The advantage of the airplane in this census was that: (a) It

could take the place of several ground observers by gathering data from

wide-spread locations. (b) It could often locate animals not otherwise

seen and (c) it could trace individual groups between observer posts.

A minimum count of 47 deer was calculated for the Reserve, from

the combination of data obtained by the ground crew and the aerial crew,

this figure is 83% of the total number of deer present at that time.

The census used was. the only one of its type attempted and gives emphasis

to the belief that large areas could be censused by this method, within

10% of the actual population, with an experienced crew. This count would

always be low because of the fact that it is a minimum count so that with

consistent results a factor could easily be worked out to provide an

accurate total count. In regions where fire trails block out regular

sections of deer range or where lines of visibility will bisect the

census area, this method will be especially adaptable.

***A detailed explanation of this method will be f ound in the thesis
written by Tody (1949 MS),



HAND CAMERA PHOTOGRAPHS

If
p '

C.

Y 
..

Deer beirej moved by drivers

a~z.

j
Deer f'eeding

Poor photo but
on the Airptrip
the deer are easily seen

Fig 1~3



16

Spcial Factors Affectin Aerial Census Methods:

Observer Eperienog: There are two principal requirements of an observer

in aerial oensusing, they are: (1) Previous aerial observation experience

and, (2) Familiatit-stion with the habits of the animals to be censusedo

In this problem one observer was used in all except two of the flights

and it was noticed that definite increase in numbers of deer seen, was

recorded on the flights taken with the experienced observer. The

principal observer, had spotted on four previous censuses, had had oon-

siderable previous flying experience and was familiar with the habits

of deer. The other observer had had no previous flying experience and

had only observed deer frcm a oar as he drove through deer country.

Because of this irregularity in the counts this data was not used in the

compilation used in the previous tables.

Pilot Experienoe: ot only must the pilot be an experienced flyer but

he must also know the area to be censused and know the habits of deer.

On strip counts he must not only fly at low altitudes and keep himself

orientated but he must act as an observer. In the circling methods his

job is careful flying and orientation with less emphasis on the observa-

tion. If he gets out of his area or off his strip he not only misses

possible observation but he may duplicate some others, this error may be

of such a nature as to be compensatory but it is doubtful.

Pilot experience .may not be quite as important in areas such as

is found in the lake states as in so me more mountainous areas but since

low altitude flying is dangerous at best, it is a factor which cannot be

overlooked.



17

Vegetative Cover Tyes and Distribution: One of the greatest factors

contributing to the failure of the attempts to census deer from the air

in the lake states has been the existence of heavy coniferous vegetation.

In most oases these large ooniferous forests have scattered small spots

of open land through them, these spots seem to be the places where a

factor can be worked out which will give a figure close to the actual

population of the area.

In the spring the deer come out into the openings to feed on the

new succulent grasses, this fact correlated with the ease of spotting

deer on the open areas has made the spring oensuses taken on this

problem produce the highest and most consistent counts. The absence

of snow in the spring is not a great disadvantage as may be believed

since the best results, (those taken in March and April) were taken

without snow ovver.

Eighty-four per cent of all the deer seen during the flights

made for this problem were seen on the grasslands. Only 32 of the 202

deer tallied were first seen in the woodlands and swamps, this indicates

that a good census can only be made when there is good interspersion of

open lands with wooded lands.

On the George Reserve there is little coniferous vegetation but

the large groves of oaks which hold persistent leaves through the winter

gave poor counts in these portions. The tangled masses of poison samao

and tamarack in the swamps allowed 11 deer to be seen during the winter

months while only 6 deer were seen under the oaks, since the leaves have

dropped in the spring 15 more deer have been seen in the woodlands. Wen
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with a large percentage of the Reserve covered with dense vegetation,

there have been ocnsistently high counts made in the open areas this

spring.

There is no doubt that these scattered open grasslands not only

permit a higher count of deer but tend to reduce the amount of variation

in these counts.

Weather and Season: A very low percentage count of deer on the George

Reserve was obtained during the winter months with the one exception of

one count made when the deer were being. moved by drivers on the ground.

On this oooasim approximately 50% of the deer present were seen. These

winter counts ranged from o on three occasions to 11% on one occasion.

The spring counts produced better results especially with the method of

overlapping circles which produced counts of 54, 59 and 51 per cent, the

strip counts made in the spring also produced higher counts though per-

centage of counts ranged from 5.3 to 31.6. There was absolutely no

duplication of counts on deer because of the fp.ot that they were observed

in small herds in openings to far apart for them to cross between observa-

tion times.

This improvement 'in results seems to be caused by three primary

factors: (1) ,The new succulent grasses in the openings are the principal

source of food for whiletails in the springtime. (2) The deer are more

easily seen because in coming out onto the openings they are forced to

bunch up in greater numbers making themselves more obvious to the

observers. (3) The length of the daylight feeding period is increased in

the springtime so that mote time is allowed for censusing.
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The weather plays an important part in aerial censusing not only

in that it determines whether or not flying can be done but because of

its influence on the movements of the deer. Warm, calm weather is

usually aoccmpanied by greater deer movement while cold and stormy

weather will find the deer taking cover in the heaviest vegetation

available to them. Soet it is true that white-tailed deer oan be

expected to do the unusual, this natural behavior must be taken into

consideration when-aerial censusing is being planned.

Spring is the only time of the year which brings all of these

influences to bear on the deer simultaneously and it is a logical con-

olusion that this time of the year will produce the best results.

Time of Dey: The activity of deer is the greatest from a few hours be-

fore sunset until a few hours after dawn this allows only a few short

hours of daylight when aerial censusing is practical. Since the nunber

of deer seen is partially dependent on their movements and their greatest

movement aomes at feeding time, the beat census times are during those

few hours just before dark and just after daybreak.

Airsickness: Among the disadvantages of the aerial census is the

tendency of the observers to become airsick. The circling methods of

censusing seem to increase the tendency toward airsickness, this cuts

into the efficiency of the observer if not causing postponement. Chwing

gun or intense outside interest seems to be the best methods of preventing

airsickness but no sure method of prevention is known.

The Reation of Deer to the Airplane: The reaction of the deer on this

study area is probably dissimilar to that of the deer on other areas
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due to the fact that the Reserve lies in the flight path of the ocammercial

planes flying to and frcu the Willow Run Terminal. These planes pass

over several times per day and at night at altitudes of less than 2000

feet. In addition to this the- Reserve forms part of the practice area

for students training in light planes at an airport one mile away It

is believed that the deer have become accustomed to low-flying planes to

the extent where they now .py little if any attention to them. On

several occasions, when the deer were observed feeding in open areas,

special attempts were made to frighten them by diving down to within 100

feet of the feeding group. The usual response of the deer was to raise

their heads and look for the source of annoyance or by running a few

yards and then looking baok but never did they run from the im-ediate

vicinity or continue to be conoerned to the extent that they didn't

resume feeding almost imnediately.

Two investigators have written about the reaction of game animals

to airplanes. Davenport (1948) reports that elk are not disturbed by low

flying planes. Saugatad (1942) says, "when flying over a herd of deer,

deer will do one of three things. They will pay absolutely no attention

at all to the plane, they will just show a very mild reaction, or they

will get very frightened and pull out in high gear.

*When the plane is right opposite them, the deer usually head out

laterally or directly away frcm the plane. When the plane passes over

them, they begin to turn around to see where it is going. The. result is

they will run almost in a oirole. They don't describe a perfect oircle,

but in general they tend to run out and cane back at just about theplace
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they were at, which leads us to believe a lateral movement while we

are censusing deer is not important, except in etreme cases."

It was hoped thet some noise maker could be devised and attached

to the plane which would startle the deer and make them run in order to

observe their reaction as well as cause movement which would serve a s an

aid to spotting them, hoaever, none was conceived which would be

applicable to the situation and which could be easily attached to the

plane without interfering with the flight characteristics of the airplane.

Gost of Aerial Censusings The cost of aerial oensusing is very lown in

proportion to the area which can be covered. This enclosure can be

cenSaused in 20 minutes, actual oensus time, by the method of overlapping

airoles. The cost of the airplane for that period of time was $3.66

which means a ost for the actual time over the reserve of lees than

$2.00 per section plus the wages or salary of two men. Saugstad (1942)

figures that their census costs amounted to $5.50 per flying hour and he

figured in the cost of the observers, a service unit, and insurances. This

figure is probably loer than at the present time since his figures are

based on expenses at prices prevalent in 1941 and they did not include

the cost of the airpla and pilot which he found to be 6.50 to $7.50

per hour. At ten to fifteen minutes per seotion, doing a 100%c ensus,

this price is still considerably lower than most reliable methods of

censusing; with 25% ooverag it will be found to be much lowrer than any

other methods.

The expenses on this problem were not carefully onputed because

the only actual expense was the rental of the airplane. The observers

were other graduate students and the flying was done by the authoro The
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expense of censusing other areas will depend upon the accessibility of

the area to be censused, whether the plane has to be rented or is owned

by the organization doing the censusing, and who the pilot and observer

are to be, if they are employees of the organization, if so their rank,

or if they are hired to do the cenausing, and last but not least the

method of cenfsusing to be used.

The factors lited on the previous pages are thosewhieh will

influence the depeiability of all direct counting methods and must be

taken into consideration by any one attempting a census of white-tailed
deer and are especially applicable under conditions similar to those

found on the Edwin S. George Reserve.

The accur aoy of the census will depend on all these factors plus

the ability of the pilot and observer to produce consistent counts to

which a feaotor can be applied to compute the total population. In

various areas it is probable that a ground drive will have to be made

in order to establish the factor to be used in areas of similar vegetative

conditi ons and on counts taken at a standard season of the year.

It is the belief of the author that the airplanes place in game

oensausing is not well understood and it is probable that the airplane

census will become an extremely valuable tool in wildlife management.
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1. This problem is an attempt to evaluate aerial census methods' of

big game and to attempt to discover a method which can be used

to make complete counts of white-tailed deer.

2. The study area was the Edwin S. George Reserve, a 1268 acre tract

of land in Liv-ingst on County, Michigan.

3. The Reserve is enclosed in a deer proof fence which allows an

accurate knowledge of existing populations. This known population

is used as the basis for percentage figures obtained on the count s.

4. The low altitude methods used in Censusing were: (1) The strip

method. (2) The ciroling of a defined portion of the Reserve until

all deer were counted and then moving to the next portion.

(3) Overlapping circles over a defined strip, These rmthods were

all flown at 375 feet above the average ground level.

5. Additional methods tried were (1) Full coverage aerial photographs.

(2) High altitude with binoculars and (3) The airplane in oombination

with a ground census crew.

6. Eight censuses were made using the strip method and resulted in low

and inconsistent counts. This was due principally to the speed

with which the plane covered the ground, not allowing complete

observat ion.

7. Four censuses were made by the method of circling a defined area.

These produced fairly consistent counts but they were low in percentage

of total population.

3. The series of overlapping circles method was a refinement of the

23
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previous method and resulted in the highest and most consistent

results. These counts were all within 8% of each other and all

over 50% of the total population.

9. The full coverage aerial photographs were taken fram three altitudes,

1800 Foot obliques k600 footverticals and 7200 foot verticals. The

verticals had 50 per oent -overlap for stereoscopio coverage and were

found'to be at to small a scale though the lower oneb showed

possibilities if the scale had been slightly larger and the day on

which they were taken had been slightly overoast. The obliques

varied to much in scale and the shadows were to dense to permit

identification of deer on the photographs.

10. The vibration of the plane prevented the observer from holding the

binoculars still enough to observe deer from 1000 feet. This method

was only used on one occasion.

11. The plotting of movements of deer from the air was successfully used

when combined with the data collected by a ground census crew to find

the minimum count of deer on the area. The minimum count was found

to be 83J of the total number present and this method is believed to

be aocurate to 90% when used with an experienoed crew.

12. Spring oqunts on the open grasslands produced the best counts on the

Reserve. This is due to more favorable weather, the existence of

food on these areas in spring and the increase in length of daylight

feeding time at this season.

13. The requirements of the airplane are primarily slow cruising speed

and safety and good visibility, with most other things a matter of

preference.



14. Siperienee of both the pilot and observer in this type of work will

produoe higher counts than when personnel withoutb the experience

is us ed.

15. The oost of censusing ca~ the George Reserve was approximately $2.00

per section not ounting the wages or salary of the pilot and
observer.
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