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INTRODUCTION

Because mgph of the range of moose 1s remote
from population centers, and because large Moose
populations have developed relatively recently,
little effort has been expended in finding practical
ways to census moose., The methods presently 1n use
are aerial surveys and sex and age ratios, Other
techniques for censusing big game, however, have been
developed, and these could probably be adapted for
use in censusing moose,

Aerial surveys and sex ratlios, however, are
not particularly suited to censusing moose in the
parts of its range where the coniferous forest type
prevalls, Therefore, a new technique for censusing
moose will be proposed in this paper. It is hoped
that this method will be useful in sensusing moose,

particularly in the eastern portion of its range,



DISCUSION

Cewses Methode Presently Being Used

Aerial surveys - Schrader (1944) and Morse
(1946) have reported on some of the earlier attempts
to census big game from the alr., In all of the
early attempts both terrain and weather severely
limited the acocuracy of the survey. More recently,
however, aerial censusing has become a very lmportant
tool for inventorylng big game herds., For example,
in many parts of the northern reaches of the range
of moose, (lgggg americana) aerial surveys are the
only practical means for determining the size of
moose populations (Banfield et al., 1955).

Most aerial surveys are flown along predetermined
flight lines. The flight lines are laid out on a
map, and the pllot Flies each one as if it were a
separate azimith, 7The distance between Blight lines
depends on the specles of game surveyed. For moose,
the flight lines usually are one-half mlle apart
(Aldous and'%reftlng, 1946; and Ledin and Karns, 1963),.

It is necessary to be as accurate as possible
in doterﬁi@ing the width of the strip flown. In some

cases, the observer plots each individual moose sighted
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o°n & map, and calculstes the strip width by sceling
the distanece off the map (Ledin and Karme, 1963).
This method, however, requires a considerable amount
of time. An eacier @ethod is to ectimate the angle
of slght to each moose and record the planes altitude;
then ca .culate the strip width trigonometically
(Edwards, 1954; and Banfleld et &al., 1955). A draw
back to thls method is its dependence on the altimeter
of the plane., #Most altimeters are accurate to no
more than plus or minus 100 feet. This error is
magnified at the low altitude at which the aerial
surveys are usually flown,

The proper altitude for a survey varies with
the terrain and forest cover. Banfileld et al. (1955)
reported that moose surveys had to be flown lower
than aerial surveys of other big game because it
was difflcult to sec moose from the air. Consequently,
moet moose surveys are flown 3©2to 700 fest above
ground €¥evation (Aldous and frefting, 1946; aﬁd
Ledin and Karms, 1963),

The plane used should have a low stalling speed
and be fighly maneuverable. zdwards (1952) used a
Detiaviland Beaver, Another suitable aircraft would

be a Plper Super Cub, For the sake of vislblility
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a high-vwinged plane would be better than a low-winged
plane. Aldous and Krefting (1946) censused Isle
Koyale from a low-winged plane and allowed a 20
per cent error to account for the obstruction of the
lower wing.

To obtain a random sample of a larre area,
- flight lines are systematically drawn on a map of
the area, and the survey is carried out by flying
these lines, Many times, however, serious error
results from using this method, Robinson (1962)
reported that results obtained from aystematic flight
lines were so variable as to be useless, He cal-
culated that the intensity of air coverage with this
method had to be increased seven-fold in order to
get confidence limits of plus or minus 10 per cent.
Watson and Scott (195€6) found that all their aetadl
surveys between 19248 and 1954 varied among each other
by as much as 50 per cent. In 1955 they changed
their metnod to a stratified aerial census, Basically
in this type of a censue, the area ls sectioned into

blocks of known or expected concentrations of animals,
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"obJjéct-of stratifylng an area is to divide the range



into homogendus units so that accurate estimates of
the population of the total area can be determined
from intensibely surveying individual homogenous
unite (5iniff and Skoag, 1964),

Stratification has not yet been applied to
eeﬁsusing moose, although Bowman (1955) used a modi-
filcation of a stratified cecnsus when counting moose
in the summer, he concentrated his flight lines
along streams and ponds wvhere moosettended to
congregate, CUarlbou (H%ng;ger argticus), however,
have been surveyed by stratified aerial censuses
(Bergerud, 1963; and 5iniff and Skoag, 1964). Summer
(1948% used a modification of the stratified aerlal
census when cénsusing Dull Sheep (Ovis canadensis)
in dMount MoKiAlay National Park, It seems probable
that stratiflied aerial censuses hold promise for
improving ghe accuracy of future aerial surveys of
moose,

Another coming change in aerial surveys might
be the replacement of flxed-wing planes by helicopters,
Owens (1959) ueed a helicopter to census elk (Cervus
ggggggnglg); Aldous (1956) censused deer (Cdogolileus
ssﬁrf with & helicopter in Oklehoma, Some of the

advantagees of using & helicopter are its stabllity
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at low altitudes, 1ts ability to fly in bad weather,

and the ability to land and teke off from small areas,

Hellecopters have gpt yet been used to census moose;

but with
for more
that the
tool for

The

improved hellcoplers and an incressed demand
knowledge avout the moose, it 18 certain
hellcopter will soon become an effeative
surveying moose Qppﬁlationo,

major advantages of aerlal surveys are the

ease 1n which they can be uaccomplished and their

speed ,

There are, however, as we might expeect from

the above disceussion, many sources of error, The

following is a list of some of these sources of etgbr.

1.
2.
3

errors due to Iimproper sampling techniques
errors of observation

errors due to the position of the observers
(The observer sitting next to the pillot
always has higher counts than the observer
sitting in the rear,)

mechanical errors ianvolved in conducting
the céﬂnsu 3

errors caused by misjgdging the altitude of
the alreraft F

errors due to eye fatigue



T. errors gaused by sloping ground which affects
the accurscy of estimated angle widths
8. errors caused by the blind spot beneath
the plsne

This 1ist was compiled from work done by Ldwards
(19525 1954) and Watson and Scott (195¢).

In splte of the many chances for error, with
proper care agd improved techniques, aerial can
glve falrly consistent results, Gilbert and 3riebd
(1957) compared air counts with ground counts and
concluded that the air counts mave gonaistent rezsults.

Sex and age ratlos - Recentlf. sex and age ratios
have come to play a more important role in determining
moose populations, It 1c the only method besides
aerial surveys that 1s being seriously considered at
the  plestwr roms_ - ‘

There are many ways in which sex and age ratlos
can be odbtained, The system most oftem used is
aerial survey, Chatelain (195?) reported using an
aerial survey to gpet cow-calf ratiosjon the Kenai
penlnsula, Eritish Columbla (kKobinson, 1962) used
an aerlal survey to determ’'ne the post-season !px

ratios of moose, Minnesota reecorded sex and age



ratios 'Agwe WiTH 175 BF6ULAR census of moose (Ledin
and Karn€, 1963). To be effective in obtalning

sex and age ratios from the air, the survey should
be gonducted at a time when moose are easlly seen
and the bulls still have their antlers,

Dasmann (1952) reported that sex and age ratios
should be as accurate as posncible, He cautioned
that the sex and age ratios used should be represen-
tati%e of the herd im question and the the herd
boundaries should be well defined,

Once the data have been abtained, the problem
of calculating the population is & matter of sinpie ’
algegra., For esample, hasmussen and Doman (194%)
have outlined the following meh@od for calculating

a deer population from kill data and age ratios,

Fall age counts give - A fawns $ 3 adults

After the kill counts give - Ay fawns : B, adults

Dead deer age ratios give - Ay Tawns : ba adults
X = adults in fall (1)

Y - £

8- X = fawns in fall (2)

ng X - A, = favns after loss » (3)



ig%_ (X-B) = fawne after loss (4)
AX -
106 - A G iy (X - B) (5)

1) Solve mumber 5 for X to get adults in the fall.

2)'U5&n5 X, ealculate the number of fawns in
the Tall by equation number 2.

3) Add the fall adult and fall fawn populations
together and then subtract the total number
of deer killed in the hunting season to get
the post-season population.

A slightly more sophisticated method 1s that
proposed by Petrides (1949), He based hie work on
the following assumptions:

1. The animal censused 1s not sexually mature

until the end of the first yeat.

2., Sexes are born in a 50 : 50 ratio:i.

%, There is a differentlial mortallity in the

sexes later on.

Petrides developed, algebralically, two basie
formulas., The first formula determines the pre-

season populations (Pl) using sex ratioe and kill data.
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P (6)

1
fo- 1)

f2 - post-season proportion of females
' 21 = pre-season proportion of females
Kf = number of killed fomales

K = total kill

Tgeaeoond formula usee kill data in conjunction
with age ratios,

T K- K

P = (7)

Iy - 9;

JQ post-season proportion of young Juveniles

Ji pre-season proportion of young juveniles

K ;= number of young killed

The population after the hunting season is simply
determined by subtracting the total kill from the
pre-zeason poyulnﬁion. Although FPetrides worked
with deer, with approprisate &unting oontrois, the

method is admirably sulted for moose,
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British Columhia has been gttempting to do this
very thing with moose for the kast few years (Mitchell,
1964) ., Difficulties have been encountered, however,
in collecting sufflcient data to give meaningful results,
The trouble lies in trying to determine the post-
season sex and age ratios and the composition of the
kill. Once effective techniques have been developed
for determinling sex and age ratios of moose, 1t is
certain that they will become a useful tool in moose

management .,

Other Big Game Census Technicues and Their Applicability
Lo Moose

Because of the remoteqeaa of much of the range
of moose, and begcause only reecently has moose man-
agement been glven serious consideration, not all
the big game census technicues have been applied to
moose, The more lmportant of these techniques are
explained below and evaluated for their future use-
fulness in ecensusing moose,

Drives. - The drive 1s a technique developed in
the depression era when man power was plentiful,
It was primarily devised to be used for ecensusing

deer., A large group of men called counters surrounded



én area on three sides, A line of men called drlver§
moves down the open end of the area forclng the deer
ahead of them. The counter kecps track of esach deer
that zoes by him (Hosley, 1936). The area drivem
depends on the man power avallable, the topography

of the area, the type of cover present, and the
presence or absence of cleared lines (MeCain, 1939).
Sogetimee the number of men required can be reduced
by'combining & drive with a track count. To do this,
it 18 necessary that the areas driven is surrounded

by egpared spote where tracks can be easily seen
(Morse, 1943),

The blg sdvantage of game driven 1s that they are
accurate and ddpendable (MeCain, 1934), The dis-
advamtages are thelr liml‘ed applicability im rough
terrain and their very high cost, particularly in
man power (Ruff, 19%9),

There have been few, if any, recordeé instances
where dRives have been used to census moose, Actually,
tho.method seems to be quite applicable to moose in
- many parts of ites range. The restrictions imposed
by the man power requirement, however, have probably

eliminated this method from serious consdéderation.

izllgitgzegp,gggngg. - Pellet-group counte have
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been primarily used to estimate deer populations.
In general, if the defecation rate of an animal is
kEnown, a relationship exists between the number of
pellet-groups found on &n area and the population

of deer on that area.

Although Bemnett et sl. (1940) originally attempted

to census deer by pellet-group eounts, it wasn't
until Eberhardt and Van Etten (195€) developed their
method that pellet-group counts became a practical
way to census deer, Eberhardt and Van Etten based
thelr metnod on &he following assumptions:
1. The average rate of depoeition of pellet
groupse 1is 13 groups per day per deer .l
2, April and Hay pellet group ecounts will in-
clude only those groups deposited since
last fall, and the pellet groups will
persist from Oetober to April.
5. All pellet groups are correctly identified
and none are nissed,
e _sam chnlque used is adequate.

White-talled deer (QOdocolleus virsinianus) deposits
13 pellet ?l“oupl per day per day; however, the

mule deer hemionus) has
a defecation rate of 15 pellet groups per deer

per day (Rogers et al., 1958).

1
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If a« 0,02 acre sample plot is used, they proposed
the following formula to calculate the deer per square

mile:

debr per square mile =

avera b ot _x 50 x €40
days since leaf fall x 13

Eberhardt and Van Etten went on to suggest that
the following precautions be taken when naking a
pellet sroup census,

1) Conduct the survey as early in the apring

as poasible.

2) Properly train the personnel used to make

the census,

3) Develop a system for random rechecking of

sample plots,

The defecation rate, so vital & part of this
census maghod, is influenced by several variables,
The first 1s sampline errors. The second is lack
of precise stocking figures, The third is differences
in stocking rates per pantur;. The fourth is indivi-
dual variation of deer and the fifth ie the length
of time deer have fed on grgen herbaceous matter

(Rogere ot &1., 1958).
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The major reason for using pellet-group counts
is that they provide a persisting record of deer
populations, uninfluenced by the presence of an
observer. Lberhardt and Van Elten (1956) felt,
however, that the method was subject to serious errors,
particularly the abllity of individual observers
to accurately record the number of pellet groups
on a sample area. In addition, & question has been
raised by Wallmo et al. (1962) concerning the persis-
tency of pellet-groups in semi-arid areas.

Hotter and Martin (1960) used a pellet group
census metnod to determine moose density, They
felt a serious drawback to the adequacy of this method
for moose is the large sample required to effectively
estimate the donsity of such a mobiie animal as moose,
Cameron (1949), however, reported that moose are
relatively sedentary. Therefore, this may not be
as lmportant & condition as Hatter and Martin (1960)
clalm. A factor that is limiting the usefulness of
this method to moose is that the fiverage defecation
rate for moose is poorly known. it seams reason-
able that once moose defeccation rates are determined,
pellet-group counts will be & suitable means for

censusing moose,
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Strip Consus. - One of the earliest metihods
used to census wildlife of any kind was & surip eensus,
Basically, it 1s an adaptation of a forestry strip
erulse to censusing wildlife populations,

The original work on & strip censuses was done
by King (Leopold, 1933). King wae basically concerned
with ruffed growse (LSonase umbellus umbellus), but
his formula was so fundamental that it has been used
for a variety of other animals. The formula is as

follows:

b

(8)

»e
2

total population

total area sampled

total number of animale observed

total distance walked

M, M N P
"

tvwlce the average distance from the observepr
to the animal when flushed

Webb (1942) and Hayne (1949) have both proposed
modifications of the above formula; however, their
modifications apply to highly epecialized situations
and add very little to the general applieability
of the original formula propoged by King.
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Saslcally, the crulser walks a compass line
and notes the number of desired animals he flushes,
He then egtimatee the perpendicular distance from
the line he is wvalking to the point where the animal
flushed. W¥With thls Iinformation and the total length
of line walked, the population ean be estimated
using the formula proposed by King. The mobility
of the spesle being censused determines the distance
between erulse lines, Other things that may effect
the aceuracy of the method are the density of the
vegetative cover, the sex and age of the animal, the
time of year and the weather oonditione,(ﬁriekaon, 1940;A
and Krefting and Fletcher, 1941).

Strip ecounte have received only limited use
in censusing moose, Edwards (1954) was one of the
few to use a strip crulse to census moose. The
observer walked a straight line counting only those
mooge seen within 200 feet of elther side of the
strip, The total population of moose was calculated
using the King formula.

Edwards and Hitcey (1956) used a form of the
strip census while studying moose migrations., A
straight line was walked and the number of moose
tracks crossing this line was recorded. This gave

an index to the relative movement of the moose herds
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but said little about their total population.

The strip census will probably not see intensive
use for determining moose populations, because not
all the moose on & strip will flush or be seen, and
conseguently, a substantial error will be introduced.

Strip counts can be made from a car. Hoadslde
counts were used to census ungulate populations
in Africa (Dasmann and Mossman, 1962). The counts
alvways underestimated the actual population, but
the degree of accuracy was directly proportional to
the size oftbhe animal.

1t 1s probable that roadside counts would work
with moose on some areas of its weetern range thet
are readily accessible by roads., In other parte
of the range of moose, inacceseiblity and dence

cover would make thls wmethod impraectical.

Taggine Big Oame
Although tagging big mame is not a census technlque,

it 18 & cornerstone of & new metnod for censusing

moose that will be proposed in this paper. Therefore,

it i1s appropriate that an appreclation of the methods

and problems involved in tegging big game be acquired.
Kgpual Tasging. - Almoet all manual teéhnloues

for tagging big game require that the animal be cap-

tured or immobilized in some way. HKitcey and Edwards (1956)
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and Grasse (1950) used a large oorralAto capture

and hold woose, The moose were baited into the corral
which automatically tripped shut behind them. They
vere then herded into a chute where thoy were tagged,
The cost of this type of an operation is often pro-
hibitive due to the amount of labor &nd materlial
needed .

In Yellowstone HNational Fark, elk were trapped
by megno of large corrals. A unigue feature of this
was the use of hellicopters to herd the Elk into the
ecorral (Howe, 1963). Inéividusl traps ﬂave been
used for deer, particularly the "elover" trap (FPickene,
1964) but the "clover"” trap has yet to be used with
any degree of effectiveness with moose.

Recently, in an attempt to side atep the high
cost of bullding corrals and traps, game blologiste
have turned to using various types of tranquilizing
agouts, usually administered by weans of a CO; gun,
Bergerud et al. (1964) used suceinylcholine chloride
in CO; propelied darts to immobilize earibou and
moose, Succinylcholine chloride 1s a neuromuscular
blocking drug that cruses & temporary paralysls in

large animals. The dosage for a wild moose varled
Bsrwser) 0,020 mg, per pound and 0,030 ms. per pound.

Bergerua Immobilized and tagged a total of 31 moose
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by this method. Rausch and Ritecey (1961), on the
other hand, using a nic@tine compound , found d¢iffi-
culty in finding a dosage that would immobllize a
moose but not kill him. Harper (1964) working with
elk in Oregon and Buechner et al. (1960) working
with African blg game, felt that uslng drugs to
immobilize big game holés promise for the future.
Hefinements are needed in the delivery system and
more knowledge 1s needed concerning dosages for
varlous Qig came specles.

One'of the most unique methods devised to date
for the purpose of tagging moose ie the use of a
float equipped hellicopter. The work ls done in
early summer when the moose are feedling along lake
shores, The helicopter herds the moose out to deep
vater and asttempts to maneuver the moose between the
Tloats of the helicopter. A man then climbs out onto
one of the floats and places a metal tag in the
ear of the moose., As difficult as the maneuver
sounds, the wnole process only takes about flve
minates (S5imkin, 1963).

Automatic Tagming. - All of the above méhhods
that involve capturing or immobillzling blg game
are expensive or slow, or both. Because of this,

some workers have attempted to develop &an automatie



tagging or marking device,

karly attempts with moose alons this line in-
volved the uce of paint or dye. OUne method waes &
paint fllled balloon that wae broken by a razor
blade attached to a rat trap., The rat trap was sprung
when the 3?°5° stepped on & trip wire. The other
method was simply &n arm on a pivot with a cup of
paint on one end. The moose stepped on a string
which causced the arm to fly up and deposit a cupful
of palnt on the moose, Helther 1dea worked very well
because bears (Ursis epp.), raccoons (Progyon lotor),
and other animals tripped the marking devices as
frequently as the moose éid (deVos, 1956; and Taber
et al., 195€). Clover (1954) recommended using &
shotgun shell fitted with dye to mark deer, The
shell was fired by a rat trap that was set off when
& deer stepped on the trip wire. He aleo proposed
an sutomatic sprayer that worked on a pneumatic
pressure tank. Deer and other animals were 11§erally
sprayed with dye whenever they stepped on the treddle
that acted as the firing mechanism. The disadvantages
of these methods are that a number of different animals
could set the divice off; and dye did not remain on
an animal for any length of time,

If an effective bu inexpensive census program
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for moose is to be based on tageing individuasl ani-
mals, none of the avove methods 1s going to be satis-
factory. The following proposal, however, seeme

to offer a minimum in cost and effort, yet a maximum
in efficlency and control. This method was developed
oy & Russian, Romanov, in 1956 (Verme, 1962). It

1s basleally a modified enare that instead of choking
an animal, places a polyethylene collar around its
neck., Verme tested this 1dea on white talled deer,
but there is no reason why 1t would not be appliceble
to tagging moose, This method was chosen as the

vest tapeming method to use with the census technique

proposed in this paper.

zincolp-fomanov kethod of Censusing Moose

The eensus method proposed in thils paper was

named the Lincoln-Romanov method of censusing moose
because 1t has as its baele the Linecoln lndex and the
Romanov automatic tagging device, The sallent features
of the Lincoln-iiomanov method are:
1. Automatiecally tag moose with a polyethylene
eollar.
2. Carry out a strip census after the moose

have been tagged,
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3« Record the td?ﬁl mmber of moose seen and
the moose Shen with collars.
4. Use a modification of the Lincoln Index.

to ealculate the total mooee population,

Hechanics of the Romanov Tegsivng Device.- Flsure
one shows the Homanov tagging mechanism set, As the
deer enters the smare, the soft wire holders dlzengage
from the anchor wire and polyethylene collar. As
the deer pulls through, emd "B" of the polyethylene
collar runs freely along the anchor wire. It will
eventually lock itself on the sheet atsel snap (Figure
two). A moteh cut in the anchor wire allows 1t to
snap free, leaving the collar around the neck of
the moose, Care must be takenm not to allow thé
diamQter of the set snare to be too large ,because
1t may settle around the shoulders of the animal
and prevent the collar from locking. Verme (1962)
also reported that the collar faile to loek sometines
vhen the ring at end "B" gets caught on the noteh
in the anchor wire. To prevent this, he suggested
greaging the anchor wire. In all of the aLove cases
where the collar failas to loek, 1t usually is found
in the vicinity of the trap.

Settinzr. - Flazure one serves as a zood example

of how the snare should be set. It can be attached
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to a heavy drag as well as between two trees, Using
& drag 18 a safety factor in case the anchor wire
falls to break immedlately., Verme suggested setting
the trap in runvways which deer frequently use.
The snare could be deployed in the same manner for
moose, since they also frequently use runwaye (deVos,
1956). The snare should be well camouflaged since
deer were extremely wary and seemed to be able to
sense the presence of the device. In this way, one
would have an advantage working with moose, Although
moose are by mo means reckless or dull, their resction
to intrusion or to & new circumstance is calmer and
more controlled than deer (McMillan, 1953%; and
MeMillan, 1954s)., Therefore they may not be as fright-
ened by the snare as deer are.

The difference in size between the moose and
the deer is a consideration when Qollar length and
measurements for setting the snaré are concerned,
According to Palmer (1949), the moose stands about
seven feet at the shoulders while the vhite tailed
deer stands four feet. OSince the principle concern
in setting the trap 1s the height of the animal, the
75 per cent difference in the two heights can be used
as a correction factor. Although the flgures obtained

in the way are only rough estimates, they will have
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to suffiee until actual field work has been done
for moose., Verme (1962) recommended setting the
enare 15 inches off & deer runway. Correcting this
figure to be aprlicable tc moose, we get roughly
26 inches, Verme used 15 inches as the diameter
of the loop; but the neck of a moose is disproportion-
ately larger than that of a deer, therefore, 30 inches
is érbitrarily chosen as the dlameter of the set
snmare. The length of the collar for deer 1z given
at 22 lnches. Applylng the correctlion factor brings
this length to 38.5 inches., HMaking an arbitrary
allowance AR 77/£ sizéof the neck of a moose, the fgm.l
length 0° the collar 1& put at 42 inches,

Since the only evidence of having tagred a
moose 1s the absence of a collar, a serious error
can oe introduced 1f all the miseing eollars are not
on moose, Two things can happen. First, asmoose
might be tagged twice, There is little that can be
done about thles; but the chances of this happening
are slight, consequently the resulting error is
probably slight also. The secohd source of error
is more serious; that is, the probability that
some other animal besides moose will be tagged.
There are only two animals in the Last that pose
a serlous threat to the accuracy of the census in
this manner. They are the black bear (Utsus smericanus)

and the white-talled deer. Alkthoush it i1s possible
for—e—bloeiwer totcoseo—Trms apu-—
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for a black bear to become tagged, it is not probable.
The black bear stands! owsy 36 inches at the shoulder
while the snare 1s set 26 inches off the ground .

This leaves a falrly narrow margin in which the bear
can become tagged, In addition, if the census were
carried out in late winter, the activities Qf the
black bear would be much curtalled. The whilte-talled
deer, hovever, 1s frequently abundznt on m&ny parts
of the range of the moose, and it has & very good
chance of belng tasged. A correction factor wili

be introduced later on to allow for the tagsing

of deer, Due to the construction and size of the
snare, 17 18 unlikely that other animals will be
tagged,

Animals lilke the raccoon or pppcupine (Lrethizon
dorsatum) might accident4lly trip the snare or des-
troy its setting, but ;n these cases, the collar
will probably be found in the viclinity of the snare.,

Tiwe., - For the Lincoln - iomanov method a
stable population is essential; therefore, if one
chose late vinter or early spring, roughly the month
of Mareh, he would avold the complicating feature
of births increasing a population, esince calvee are
usually born in May or Junme. In addition, mortallity

would be low. Losses to hunting would have occurred
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in the fall: end winter loeses, if any, wouléd largely
be over, Another advantage of choosing March is
1HAT most of the bulls have lost their antlers;
therefore, there will be no bilaes resulting from
antlered bulls not beling tagged. Actually, the
bulls lose their antlers over a peridd extending
from November to late Mafch (deVos, 1956); but March
can be considered the month when the largest per-
centage of bulls are antlerless. A final advantage
of choosing Merch 1s that the moose are still on
their wintering ereas,

Habitat. - Although the herd instinct is weak
in moose, they do tend to concentrate during the
winter. Altmann (1956) reported that moose group
together in winter-time in the West, Feterson (1955)
stated that moose in the Last eoncentrate into
"voluntary" yards. During this "voluntary" yarding,
the moose gather in favorable feeding spots and in-
terlace the area with a network of trails,

Cameron (1949) reported that moocse concentrate
on southern exposures of mixed conifer-deciduous
ridges. Fimlott (1953) confirms this and adds that
in some cases moose winter on large barrens or mus-
kegs that heve an interspersed tree cover,

To obtain the greatest efficiency with the
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komanov tagging device, Verme (19€2) suggested it

be set up 1ln places where deer tend to concentrate

in the winter. %1he same 18 probably true of moose,
and therefore setting the Homanov device on conifer-
docidU’Vt fidges where the moose gather would probaply
result iu an effective gagring Progran,

Lensusing. - The area to be censused should be
broken up into zones of expected or known moose
coneentrations, There ie & good deal of precedent
for stratifying the sample area in this way. Krefting
and Fleteher (1941) stratified deer ranges to simpli-
fy strip eruising deer in Oklshoma., Whitlock and
Eberhardt (1956}, when censusing winter lost deer,
lald out thelr census lines according to where thney
expected to find large concentrations of dead deer,

As mentioned e&arlier, aerial surveys, which are
really glorified strip counts, are frequently strati-
fied,

The tp.”lng devices are placed in areas where
moose are likely to get tagwed, and are left there
for an equal period of time on all areas, This time
length could vary. Yrobably tﬁrec days to a week would
be most reallatle, After all the snares have been
removed, a perliod of time should elapse vefore the

strip census 1s taken. In absence of any figures
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to the contrary, & week has been arbitrarily chosen
a8 belng a sufficlent time,

The distance between census strips usually
depends on how far an aniamsl will run «fter it 1is
flushed, In deer, this distance le about one quarter
of a mile; consequently, census strips are placed
one half mile apart (Krefting und Fletcher, 1941).
The running distance for moose 18 unknown; but, due
to the nature of the animal, 1t is likely that this
distance 1s less tgan one quarter of a mile. There-
fore, if census lines were placed ome half mile apart,
they would be sufficlently separated to prevent
& moose flushed on one crulve line from appearing
on another cruise line., The cruise lines should
extend one quarter of a mile beyond the sample area
to give any moose that hapens to be fluskhed off the
sample arecs & chance to be counted,

Hen walking the crulse lines should record the
total number of moose seen and the number of tagged
moose seen, lt is not necessary to estima'e the
width of the strip walked, nor 1s 1t necessary that
all the moose on the strip be seen. It ie¢ important
that the segment of the moose population seen is
rapresentative of the total population on the area,

Lincolp Index. - Onee the data has been gathered




by means of the strip crulse, the population can

be readily calculated by use of the Lincoln Index
Lesporp . 1933), This index was originally pronosed

for use with watéerfowl banding returns. It is basically
& ratio between two equal fractions. Iﬂ.the original

form used by Lincoln it appesred as follows:

ucks banded = mber o anded kills
total population total kill

It 1s a simple matter to change the above formula

into the following forasula more appropriate to moose,

total po - se tagee
Total moose seen number of tasged moose ceen

If the Lincoln Index 18 to be valid, the follow-
ing ascumptions must hold (Adams, 1951),

1. The marked animals must suffer the name
natural mortality as the ummarked ones.

2. The marked anbmals must not lose their
marks .,

3. The marked animals must be as subjcct to
sampling as the unmarked animale.

4. The marked animsls must become randomly

mixed with the unmarked animals,
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5, All marked animals must be recognized and

reported when seen,

6., Hecruitment in the population must be

negligible.

Progulske (1957) made collars for deer out of
belt leather. He reported no known cases of mortality
to deer as a result of being tagmed with a« collar,
Straley (1960) reported no casualties with elk that
haé been tagged with plastic collars. Although moose
have not been tested, it seems probable that the
presence of & collar would not seriously lncrease
their mortality.

In almost all cases where collars were sttached
to blg rzame, retention of the collars ran &s long
as a year and one half. Fashingbsuer (1962) and
Lightfoot and Maw (1963) reported that deer retained
a high percentase of their collars. Prosulskl (1957)
reported that some deer kept their collars as lone
as 16 months. Therefore, in view of work done on
other big game, it is probable that moose will retain
their collars for & suffieciently long period of time,

There &re no reasons why ascsumptions three and
four would be untrue, The first of these two assump-

tions vas originally designed to sccount for blas
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resulting from & trap - retrup census, There was
alwaye debate whether an animal that was trapped and
tagged once would enter & trap as freely as an animal
that had never been trapped. Glinee 1t 1s not
necessary to retrap moose wﬁ}h the Lincoln-Komanov
method, thie sesumption ig not really pertinent,
Assumptlion number four can best be net by adequately
placing the tagging devices so that the animale'
normal movement will reeult in & random mixing.,

Recognition of the collarsin most cases atadled
has bsen good, Straley (1960) reported that the
eollars he placed on e€lk could be seen from the alr,.
Although rolyethylene collarse placed on the moose
will probably be easlly seen, 1t should be polnted
out that the collars Stg¢;§y used were conslderably
wider than the collars usged in the &omaﬁsv tagglog
device,

March was deliberately chogen as a time when
recruitment would be at a minimum,., Cameron (1949)
reported that moose calvee in the Last are born
in May. He also 8'ated that the animal 1s somewvhat
gsedentary reducling the chance that moose form apmother
part of the range wouléd wander onto the sample area.

From the worke cited esvove and frowm gencral

knowleelge of moose behavior, the six acsumptions
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on which the Lincoln Index i1s baseéd probubly are

true for mooee, It should be noted, however, that

Af the Lincoln-Komanov method 1s ever going to be
used to census noose, all silx ascumptions must under-
g0 extensive fleld testlings,

There are many Iinstances in the literature where
the Lincoln Index has been used to census bilg game,
McMillan (1954b) used a crude approximation of the
Lincoln Index when estimating moose populations
sunmer\ranges. He was able %o identify by various
rhyslical features certain individual moose, A week
after he had determined the rmumber of identifliable
moose on the area, he censused the same area and
noted the number of ildentifiable moose secn, He es-
timated the total population of moose on the cummer

range in the following way:

[*] a ed moose in [ g5t we >
number of identified moose in the second week =

0 on
total number seen in second week

Modifications of the Lincoln Index HAY been
used to census deer, As early as 1978 fawns were

tagged on the Superior Kational Forest 1n sinnesota,



The total population wae calculated from data gathered
by means of hunter returns (Olson, 1938),

Dasmann and Taber (1955) compared total aounts,
Lineoln Index, sample area gpunts, and pellet group
counts to determine which method gave the best results
for Columbian black-tailed deer (Odogoileus hsmionus
golumblanus). They concluded that the Lineoln Index
gave as good results as 41d the total count and sample
area count. The pellef group count was not effective,

Schofield (1960) developed a uninu§ method for
censusing winter lost deer, As muny dead deer as
poasible were located by means of hunter interviews.
These carcasses were found and tagsed. Later, differ-
ent workera searched the areu for dead deer by follow-
ing fox (Vulpes sp~.) traills which led from one
carcass to another. The number of deer loczted in
this manner was recorded along with the number of
tagged deer found. The total number of dead deer
wag then calculated ws/w¢ a modified Lincoln Index
formula. Hobinette ef sl, (1054) tested Tive ways
to census lost deer. These méthods included the
Kelker belt transect method, the Lineoln Index,
the King grouse census, the Webb snow-shoe hsure

censua, a&nd the Hayne meoification of the King census.,
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Of these, only the Lincoln Index, the Kelker census
and the King Census gave reliable resultse. HKobinette
et 8l. (1956) rereated the test after refining some
of their techniques., They concluded from these tests
that only the Linecoln Index and the Kelker method
were suiltable,

It is apparent that the Lincoln Index has h4s
a4 considerable history of use in censusing big game,
The greatest problem involved with 1t§ use has been
&€ effort involved in tagging big zame. VWith the
advent of the Romanov tagging device this problem
has been overcome,

Correcting for Deer. - Now to return to & problem
mentioned earlier - how to handle the probability
that deer will be taggmed as well as moose, The cor-
rection methode for deer are subject to the six
baslc assumptions of the Lincoln Index. In the
case of deer, hovever, there is some question whether
they will retain the collars since the collars de -
signed for moose are considerably larger than those
designed for deer,.: Since the time between tagging
and censusing is only a week, the number of tags lost
by deer will probably be small, In addition, it
is lmportant that for both correction methods to

be accurate, the proportion of the deer herd tagged
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is the same as the proportion of the moose herd tagged.

We also must assume that all missing tags are
on either moose or deer. Considering the number of
animals likely to be tagged by the snare, this 1ls
& reasonable assumption,

The first method proposed can be used in an area
where the deer herd 1s intensively managed and good
populatlion estimates for the herd exist. 1In this
case, when the area is censused for the marked in-
dividual, the total number of marked and unmarked
deer are recorded as well as the total number of
marked and unmarked moose., The number of deer ori-

ginally tagged ls calculated in the following way:

Ap = total population of deer on the area - known

total number of deer seen - from survey

[+ &
o
"

Z total number of tagged deer seen - from survey

o
t

number of deer originally tagged

X -
Bp = 55 from the Lincoln Index

X =.2§§§‘ (9)



L = total number of tegs mlesling
L - X = number of tage On moose

By = total number of moose seen - from survey

G
"

m total number of tagged moose seen - from survey

total population of moose

>
-
L1

A, = Bm-‘-‘-‘—g;-’-‘l (10)

A hypothetical example will make this clearer.

e
n

O 180 « total population of deer
Bp = 60 - total deer seen on the survey

Gp = 15 - total number of tapsed deer seen

83

X = 45

L = 150 - number of tags miesing
L - K = 105 - nuaber of moose tagsed

By = 60 - total number of moose seen on survey

Cy = 15 - total pumber of tagmed moose seen

Total population of moose (Ay) S.QQ.%ELQE_ = 420




Using this method, 1t is well to remember that
the figure for the total moose population is no more
accurate than the figure for the total deer population.
In many situations, however, the size of the
deer populatlon is unknown. In thie case, the correc-
tion method éeccribed above will not work. Therefore,
& second method 1is proposed. This method is subject
to the same conditions as the first one was. The

second correction method is as follows:

—

number of tags miseing

number of moose tagged

X = number of deer tagsed

o AP0 i e
1"

N total number of deer seen on the survey

Q
o
I

= number of tagged deor seen

total number of moose sesn on the survey

[&]
B
1]

number of taggod woose seen

The total population of deer, and the total
population of moose 1s, in both cases, a function

of X; and therefore, 1f is designated f(x).




r(x) = Bplb=X) (11)

Cn (12)

Solve for X by setting equation number 1l equal

to equation number 12.

By (L -X) _ B X

Cp Cm

- L Cy By

The number of moose tageed (X) ean now be sub-
stituted in the basic Lincoln Index formula, and
the total population of moose calculated.

The following hypothetical example illustrates
this.
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L = 150 - mumber of tage misaing
By = 50 - total number of deer seen on survey
C. =5 - number of tagzed deer seen

By = 100 -~ total mumber of moose eeen on survey

Q
i

- 50 « number of tagged moose seen

X = number of mooese originally tagpred

X = iLE‘ BD
15‘ Cpt Cq Ep

X = 0 x (o)
100 x § 50 x 50

X = 125

X
100 50

f(X) = 25C = corrected total population of moose
on the area

If circ mstances should arise where another
animal beslides deer and moose were being tagged,
for example elk, this last correction method could
8tlll be used. Instead of having two unknowns and

two equations, it would have three unknowns and
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three equations. In addition, cruisers would have
to keep track of three species of animale rather
than Jjust two,

Confidence Limits. - The establishment of con-
fldence limits is vital for all samvling procedures.
The following deseription for determining eonfidence
limits for the Lincoln Index survey was taken from
work done by Adame (1951).

According to the laws of chance, the ratio of
unmarked animals to marked animals in a population
will not alvays be the same ax it is in the gample,
The ratlo could range from one to one to all marked
animals to no unmarked animals, The ratio most
likely to oeceur, however, ie& the true ratio of the
population. The larger the sample, the greater will
be the chance that the sample ratio will be the same
ae the population ratio. Therefore, confldence limits
ean be calculated for a particular sample. The
computations are cquite complicated and have been
reduced by Adams to graphic form (figure 3)., Although
this graph is for the 95 per cent confidence level,
other confidence levels could be calcoulatsd and
presented in a similar manner. It 12 also possible
to ecalculate curves for population sizee other than

those given in figure threo.
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To use figure three, the ratlio of marked animals
to the total number of animals seen in the sample
1s calculated and entered along the horizontal scale
of the graph, Read up the verticzl line until it
intersecte the first curve representiNG the total
size of the sample, Then, resd acroes to the vet-
tical scale to get the lower limit of the ratio.
Continue along the original vertical line until it
interescts the seeond curve representing the total
sample size. Once agzaln, read across to the vertical
‘scale and find the upper limit of the ratio.

For example, i1f 100 moose were seen, and 50 of
these were marked, the value of the ratio Cy (marked
moose) to By (total mcose seen) would be 0.5, Entering
this in the horizonval scsle of figure three and
reading up to the lower 100 curve and then over to
the vertical ecale, & lovwer limit of O.4 is found
for the original ratio. Doing the same thing for
the upper 10C curve, an upper 1imit of 0.6 ie obtained,
Now, if 125 moose had originelly been tagged, the

total population of moose is:

T%S - %gﬁ‘g 250 moose
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Using the upper ané lower limite found in figure

three, the chances are 19 to 1 that the true popu-
lation of moose lies somevhere between 312 and 208
mooge, This ies pecauee the total population is

calculated by dividing the ratio of marked animals
to total animuls seen in the survey into the total
number tagged. If Ay ecquals the total population

of moose, and Cy and B, are as before, then:

9 o 2

B
b (12
p T e - ’
Bm

S8ince the graph gives the upper and lower limits of
the ratio(%ﬁ;. to obtaln the upper and lowsr pop-
ulation estimates, the total number of moose tagged
is divided by the upper and lower ratlios,

Folots for Further Study. - As can be expected,
an untried method has many questions that meed answer-
ing. The following is & list of the more important

areas for further study.



1., What size should the collar be to properly
fit moose?

2. Where should the smares be located to have
the greatest efficlency?

3. What are the proper measurements for setting
the snare for moose?

4, What proportion of the moose are tagged
twice?

5. How long should the tagszing period last?

6. ¥%What is the propertime length between the
tagging perlod and the census period?

T. How far willl moose run after they are flushed?

8. How far apart shold census stripe be placed?

9. Are tagged moose more subjeet to mortality
than untagged moose?

10, How long will the collars stay on the moose?

11, How readily are tagmed moose spotted in the
field?

12, 1Is the proportion of deer tagged the same

as the proportion of moose taggmed?




CORCLUBIONS

With appropr4re modifications, the serial
survey is an effective vway to estimute moose pop-
ulations if the forest cover type doee not lim't
vislbllity. Sex and age ratios hold promise for the
future., Their usefulness 1e impailred at the monent
by thelr dependence on aerial surveys for post-season
or pre-season sex ratios, With the development of
oetter ways of determining sex and age ratioe, this
method will receive increased use,

Of the exlsting big gasne census metnods not
yet aprlied to moose, pellet counts are probadbly the
most applicuble., The drive method would be effective,
but the large number of men required makes the cost
proniBitive. The strip census, when used by itself,
will only give & roung estimate of the moose pop-
ulation, Thils is because of difficulty in estimating
strip wicdth, and the fact that not all the moose on
the strip will be seen.

The Lincoln-Homanov method for censusing moose
is untried. It 1s not possible to draw arffy concrete
concluslions about the applicability of thie method
until 1t has been properly tested in the field.
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Sum gLy

Aerlal censuses are the most common way to
eensus moose 2t the present time, The results from
aerilal surveys can be varisable, but with lmprovea
technigues a certain amount of consistency can ove
achieved, Oex and age ratlos are also in use at
the prezent time, but eufficient data has yer Lo
be gathered to ﬁake population estimatee fpom sex
and age ratios meaningful.

Deer érives have never been applied to moose,
and 1t is doubtful vhopher they will have an lmport-
ant role to play 1n censusing moose 1in the future.
FPellet-group vounts are used on many forms of big
game ; and as soon a8 more ie known about moose
physiology, they wlll be a useful tool for censusing
moose., Strlp counts have been used with a varlety
of anlimals ransing from ruffed grouse to deer,

For most big game speciee, the results from strip
eounte are not very accurate,

The Lincoln - Homanov method for cepausing moose
is based on tegeing moose with the omanov sutoma-
tic tagging device and calculating the tetr4dl pop-
ulation of moose using the Lincoln Index formula.

The operation and placement of the device are
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. explained. Two methods for correcting for tageed
deer are proposed, and & technioue for caleculating

the confidence limits IS given,
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