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ABSTRACT

AN AERTAL CENSUSING PROCEDURE FOR ELK IN MICHIGAN

By

Mark R. M. Otten

This project developed an aerial census procedure, using stratified
random sampling, for the estimation of the mmber of elk (Cervus
elaphus) in Michigan. Sampling units were delineated in 3 elk density
strata based on visible ground features. Standard flight conditions and
search procedures were defined and used to determine optimal allocation
of sampling effort. Sightability of elk was determined through use of
radio-collared animals.

Iogistic regression analysis indicated that, of 5 visibility bias
sources tested, only conifer cover and group size significantly
(P < 0.10) affected cbservability. Simulated census data indicated that
a prediction procedure, based only on conifer cover, consistently
produced the best results, and an optimal -sightability model was
produced. Sampling units were evaluated for variance. low density
units need to be sampled more intensively than medium or high density
units to decrease variance and confidence interval estimates during
future elk surveys.



This project was supported by the Federal Aid in wildlife
Restoration Act under Pittman-Robertson project W-127-R, and the
Michigan Department of Natural Resources.

I would like to express my deep appreciation to Dr. Jonathan B.
Hauﬂerforé.ctirgasmymjorpmfessor,beﬁgmilablemmmverhe
was needed, for kicking me when I needed it, and for being a friend. I
would like to thank Dr. Scott R. Winterstein, not only for serving on my
graduate camnittee, but also for providing an encrmous amount of
assistance with the Horvitz-Thampson variance estimates. Thanks also to
Dr. Donald O. Straney for finding time in his busy schedule to serve on
my graduate camittee.

Special thanks to Iou "elk hunter” Bender, Jim "thick understory"
Hirsch, and Gina Ballard for all of their help in collecting data, and
making the field work interesting, if not exciting.

I would also like to acknowledge all of the other graduate students
in the Department of Fisheries and Wildlife for eagerly sharing their
expertise, knowledge, experience, and friendship with me. In particular
I would like to thank Jim Hirsch, Lou Bender, Jerame Lecnard, Paul
Padding, Rique Campa, and Chen Jian for good times on and off campus.

I carmot fully express my sincere appreciation for all of the
patient help given me by Jane Thampson — thanks Jane.

ii



Without the help of many persons in the Michigan Department of
Natural Resources, this project would have been impossible to carry out.

I am deeply indebted to Doug Whitcamb, Tom Carlson, Frank Bemmett, Nels
Jaohnson, Rick McKinnon, and Ed lLangeneau for their participation in the
execution of the aerial counts. I also thank helicopter pilots Sgt.
Jaohn Kermy and Sgt. Lew Vassilakos for their enthusiasm and interest in
this project.

Thanks to Dr. Michael Samuel for providing me with important and
timely correspondence.

I extend my wholehearted gratitude to my Mam, my brothers, and my
friends. I cammot possible thank them often enough or sincere enough to
repay the lifetime of encouragement, understanding, support, and love
that they have given me.

Finally, I would like thank Diamne Moning for being trusting and
patient during cur time apart, forsharirqiﬂmyfearsandmyjoys, for
accepting me without conditions, and for believing in me when I did not
believe in myself.



TABLE OF CONTENTS

LIST OF TABIES ccccccoscocccsccsscssosccssescsesscssssssccscoccs
LIST OF FIGURES eccooccccccccoccescocsossesssosscsssosccsscsscnscs
LIST OF APPENDICES ccccoecccocccoscsccscccccsccsssccccsscnocscnse
INIROUJCI'IQI...................................................
OBJECTIVES cocccoccescoscoccoccsocsscsscsssccscssessssssnssccse
STUDY SITE DESCRIPTION cccccccccccccesccscccccsscascsssccacnsce

m 0 0000000000000 0000000000000 0000000000000 OONOINOCEOINONONEOEOIEPOIEPONOIIOIES

Flight Conditions and Characteristics ..ccccececececncecae
Simbiliwml mm mllaim ® 000000000 OCOLEOSEOSOOOONONDOSTDOSOES
Wsmatim 0 000000000 O0OO OSSO OOEOOEOIEOEOSIPOEOEPONOOITOEPOEONTOEEOETS
Population and Variance Estimation ..cccececececccccecsces
mm 000 0000000000000 00 OOOOOOCOEOOINOIEPONPOIOLOEOSIOEBNOOERNESOEPOIETPOCTTPOIOPS

m 0 00000000000 0000000000000 00005000000 00000000009000000000

mu mll&tim ® 00 0 000000000000 00OCCOEOINPOOIEONPONOIPOIEOEOEDOLNONONEOEONEOEECSOETOTTO OO
smwiliwm 0 0 0 000000000000 OO OOOSNOOOOCOEOEONONONOSIOEOSNOSEOIOSTDIDTS
Camputer Similations ..ccececeecccecescaccscscsssccscsscces
m m 9 000 0000000000000 OOPODOODPOIOONOEOLINOEOSIOEOSINOEOSNOSIEBDOIDOIEOSEEOETOEDS

DISGJSSIQ‘ S0 0 0 0000000000000 00000000000000000006000000000000000c0e

mnmm O 9 00 0000 0000000000 0000 00000000000 0PNONOEOPONDOSETPOSDPLIOES

iv

48

48
52
55
59
65



CONCLUSIONS AND CENSUS RECOMMENDATIONS cccoevcccscccccocccccone
LITERATURE CITED ecccosccocccocccocscocsscocsccsosascrscssscsscsscncss
APPENDIX I: TABIES cecccocccocccocccocsscosccccsccscscssosscsnsocs
APPENDIX II: CALCULIATIONS cccccocccccscocsscocscoscssccossscssscss

72
77

86



LIST OF TABLES

Total area, mean area (variance), and elk densities
of sampling units in low, medium, and high
density strata for the aerial censusing of elk
in Michigan.

Camposition of data sets, and independent variables

included in 7 logistic regression analyses for the

aerial censusing of elk in Michigan. An "X"
indicates conifer classes included in data sets.

Distribution of 100 elk groups within 4 conifer
cover classes of 8 similations designed to test
developed for the aerial

prediction procedures
censusing of elk in Michigan.

Significant logistic regression coefficients of 7
sightability models developed for the aerial
censusing of elk in Michigan.

Known elk totals for 4 conifer cover classes and
predicted totals for 7 sightability models built
for the aerial censusing of elk in Michigan.

Bias, average bias, range, and mmber of points
within 50 animals of the true population size
for 4 prediction procedures under 8 similated
aerial censuses of elk in Michigan. The series
under each simulation reflects the proportion of
elk groups assigned to conifer classes 1-2-3-4.

Distribution of elk within conifer age and cover
classes for groups seen during Michigan elk
population/variance helicopter surveys, 1989.

16

30

37

39

41

43



9.

10.

Estimates of total elk population size derived from
Michigan elk population/variance helicopter
surveys, 1989.

Estimates of varaince camponents in low, medium,
ard high density strata from Michigan elk
population/variance helicopter surveys, 1989.

Cost analysis for 2 methods of censusing elk in
Michigan: a 2-4 day camplete air and ground
census, and a 4-6 day stratified random aerial
census.

Theoretic coefficients of variability (N = 1,236,
df = 60) for 95% ard 90% CI's based on data from

Recamended mmber of units to be surveyed in each
elk density strata, when the total units to be
surveyed is known, for the aerial censusing of

elk in Michigan.

44

45

47

64

66



1.

2.

3.

6.

7.

LIST OF FIGURES

Iocation and principle land ownerships of the
Michigan elk range (Moran 1973).

Mean monthly temperatures recoded at Vanderbilt,
Michigan for the long-term period 1922-1988,
ard the years 1987 and 1988.

Total monthly precipitation recorded at Vanderbilt,
Michigan for the lon-term period 1922-1988,
and the years 1987 and 1988.

Western sampling units of low, medium, and high
elk density constructed for the aerial
censusing of elk in Michigan.

Eastern sampling units of low, medium, and high
elk density constructed for the aerial
censusing of elk in Michigan.

An example of 1/4 km interval helicopter search
transects over a hypothetical sampling unit for
the aerial censusing of elk in Michigan.

Average biases for 4 elk population prediction
procedures under similated aerial censusing
data for elk in Michigan.

10

14

19

. 42



LIST OF APPENDICES

Appendix I: Tables

Areas of sampling units constructed in 3 density

strata for the aerial censusing of elk in
Michigan, 1988-89

Sumnarization of data collected for sightability

modelling of elk in Michigan, 1988-89. GS =
Group Size, CC = Conifer Cover Class, CA =
Conifer Age, SA = Stand Age, AB = Animal
Behavior, and S/NS = Seen or Not Seen.

&mrizatimofdatacollectadforuidﬂganelk

herd population/variance estimation, 1989. GS =
Graup Size, CC = Conifer Cover Class, CA =
Conifer Age, SA = Stand Age, and B/C/C = Bull/
Cow/Calf ratio.

Corrected group size counts for the aerial censusing

of elk in Michigan. Corrected counts are based
on the mmber of elk seen and the conifer cover

class occupied at sighting.

W

1.

Sumary of mathematical probability calculations

used to predict elk mmbers in conifer class

4 for logistic regression sightability model
#5.

78

79

81

83

87



INTRODUCTION

Wildlife populations have been surveyed and censused with fixed-
wing aircraft and helicopters since at least 1935 (Cahalane 1938).
Initially, survey flights were made to count animals occupying remcte
areas or areas not accessible by land vehicles (Cahalane 1938, Dice
1941). Since the late 1950's, however, aerial censusing techniques
have been used to survey entire populations over extended areas, instead
of just isoclated animal groups. Most recently, camplex census
techniques and mathematical models have been developed to maximize
census accuracy ard to minimize flight time and man-power usage (Floyd
et al. 1979, Kufeld et al. 1980, Crete et al. 1986, Houston et al. 1986,
Samuel et al. 1987).

' Rerial censusing is probably the only feasible and ecanamical way
to census many big game species (Anderson et al. 1980:294). To date,
partial or camplete aerial surveys have been used to count moose (Alces
alces) (Gasaway et al. 1985), Alaskan brown bear (Ursus arctos)
(Erickson and Siniff 1963), bison (Bison bison) (Wolfe and Kimball
1989), caribou/reindeer (Rangifer tarandus) (Klein and Ruzyakin 1982),
elk (Cexrvus elaphus) (Buechner et al. 1951, Robel 1960), pronghorn
antelope (Antilocipra amerjcana) (Springer 1950), mountain goat
(Orearmos amerjcamus) (Houston et al. 1986) , mule deer (Odocoileus
hemjorus) (Kufeld et al. 1980), and white-tailed deer (Odocoileus
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virginiamus) (Petrides 1953, Leon et al. 1987). Conditions under which
successful aerial censuses should take place, however, can be very
rigorous (Davis and Winstead 1980:225). Survey flights must be timed to
optimize the probability of sighting the largest mmber of animals. As
such, base-line information on species behavior, range, habitat usage,
ard response to weather must be strongly considered.

Aerial surveys, designed to produce measures of population size or
density, will consistently underestimate true population size (Caughley
1974), particularly when animals occur in dense cover (Beasam 1979).
Routledge (1981) cautioned that total counts based solely on a series of
incamplete or partial aerial surveys cannot produce reliable population
estimates. Under-estimations are primarily the result of the incamplete
visibility of animals from the air. Even under optimal conditions and
under stringently plammed and executed procedures, aerial counts have
missed 11-71% of the animals known to be present (Caughley 1977:34). In
general, the visibility of an animal, or group, will decrease with
decreases in group size, animal body size, movement or activity level,
and cbserver experience; and with increases in vegetative cover, search
speed and altitude, and time spent ocbserving (Shupe and Beasom 1987) .

Aerial survey procedures can also be problematic due to acceptable
weather conditions, short maximm flight times (fuel loading limits),

and restrictions associated with animal distribution and terrain.
Inpmmu&sinaerialmusirgtedmiqugshaveta)mecm:
refinements in survey methodology, calculation and application of
correction factors, and a cambination of both of these. Refinements in
survey technique increase census efficiency to same degree, but are
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normally employed to maximize the prabability of sighting an animal (or
animal group). Many forms of technique modification have been
implemented, with varying degrees of success. Before 1964, most census
technique refinements were based on changes in flight characteristics,
while the actual methodology remained relatively unchanged. These
studies imvariably used same form of line-transect flight scheme in an
attempt to cover the entire study area and to count all animals present
(Cahalane 1938, Saugstad 1942, Riordan 1948, Buechner et al. 1951).
Improvements to this methodology have included the use of stratified
random sampling with optimal allocation (Siniff and Skoog 1964),
stratified random sampling with proportional allocation (Evans et al.
1966) , similtanecus use of fixed-wing aircraft and helicopters (lLovaas
et al. 1966), increasing search intensity (LeResche and Rausch 1974),
visual recapture of marked animals (Rice and Harder 1977),
stratification of the study area based on animal density (Floyd et al.
1979, Rufeld et al. 1980, Houston et al. 1986), the use of belt
transects (DeYoung 1985), and the use of aerial photography (Myers and
Bowen 1989). Although these and other studies utilized methods best
suited to meet specific cbjectives, more traditional techniques may
still be appropriate for same research. CQurrent studies, for instance,
often rely on stratified quadrat sampling, but Beasam et al. (1986) and
White et al. (1989) contend that in many cases line-transects may still
be the most efficient and effective method ava.jl.lable.
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In recent years, attempts at minimizing visibility biases have
fowsedmmﬂ:edevelcpmrtaxﬂapplimtimofcorrectimfactom
than on further refinements in technique. Correction factors are
derived from sightability functions dbtained through ground-truthing
procedures. Sightability functions are mathematical probabilities
calculated to account for individuals missed during census fly-overs
(Cauchley 1974). Sighting probabilities can be developed in a variety
of ways, and are usually specific for a particular animal species in an
identified area. Caughley (1974) suggested calculating the partial
regression of variables affecting sightability in defined density
strata. Cook and Jacobsaon (1979) developed a method of estimating
visibility bias by camparing the independent counts of 2 cbservers.
Samiel and Pollock (1981) developed correction factors specifically for
animals that occur in groups by estimating sightability through the
extrapolation of an asymptotic regression function. Crete et al. (1986)
corrected helicopter quadrat counts of moose by simultanecusly
conducting a fixed-wing count (assumed to be accurate) of the sampled
quadrats. Houston et al. (1986) corrected for missed animals by
applying a fixed sighting probability over the entire study area, using
Cauwghley's (1977:47) index-manipulation-index technique. Samel et al.
(1987) used a logistic regression procedure, based on factors
significantly affecting sightability, to build sighting probabilities
ard produce a prediction equation. Visibilityt bias can be a severe
problem, and any accurate aerial censusing procedure must include
correction factors to account for missed animals (Pollock and Kendall

1987) .
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The native Michigan elk herd was extirpated fram the lower
peninsula by 1877 (Murie 1951:28). In 1918, 7 elk were released alang
the Ssturgeon River 6.4 km south of Wolverine (Stephenson 1942), became
established, and eventually gave rise to the present elk herd in
Michigan's northern lower peninsula. Since it's establishment, the elk
herd has experienced periods of rapid growth and periods of severe
decline (Moran 1973, Beyer 1987). The Michigan Department of Natural
Resources (MINR) has used a cambined air and ground census in an attempt
to count every elk within the range (T. Carlson, pers. cammmn.). This
technique was first used in 1975, producing a herd estimate of 200
animals (Ruhl 1984) . Through implementation of the Elk Management Plan
(MDNR 1984) the elk herd has increased steadily fram 850 in 1984 to 940
in 1985, 950 in 1986, 1000 in 1987 (Beyer 1987:123), and 1020 in 1988
(E. E. langeneau, pers. commm.).

The census method used by the MINR provided an approximation of elk
mmbers and constituted a considerable investment of time, money and
manpower. This paper describes a new censusing technique that was
developed to increase accuracy ard reduce experditures of future elk
surveys. This methodology utilizes standard search procedures and
sightability correction factors to produce a statistically-based herd
estimate (with confidence intervals) solely fram helicopter counts.
This technique will allow MINR managers to accurately survey the entire
elk herd in a more efficient manner.



OBJECTIVES

The primary cbjective of this study was to develop an accurate,
stratified randam, aerial censusing technique that would provide a
statistically based estimate of the size of the Michigan elk hexrd. In
addition, several other abjectives were identified.

1. To identify those factors that significantly (P < 0.10) affect
the visibility of elk from the air.

2. To divide the elk range into strata of high, medium, and low
elk density and develop a standard systematic sampling procedure for the
random survey of those strata. This included the standardization of
helicopter flight speed, altitude, and pattern, and the standardization
ofacceptablematherc&xditims.

3. To develop a standard correction factor calculation and
application procedure from data collected dquring aerial surveys.

4. To calculate population size and variance estimates for the
Michigan elk herd, and 95% and 90% confidence intervals arourd the
population estimate.

5. To develop an overall elk censusing procedure that is
relatively inexpensive and can be carried out with helicopter flights

alone.



STUDY SITE DESCRIPTION

The present elk range encampasses approximately 1,000 km? of semi-
wild land in Michigan's northern lower peninsula. The area spans
portions of Cheboygan, Montmorency, Otsego, and Presque Isle counties,
andiscmt;eredmthem,SOOhaPigemRimco\mtrystaterrest
(PRCSF) (Fig. 1). Approximately ane-half of the area is in private
ownership, primarily in the western and southwestern portions of the
range. Private unting clubs, each covering 259 to 5466 ha, presently
make up about 20% of privately-owned land, and nearly 25% of the central
elk range (Moran 1973:4).

The Michigan elk range exists on the Presque Isle Rolling Plain,
Emet-Alcona Hill Iand, and Huron Lake-Border physiographic region
(Scmmers 1977) . The podzol soils, ranging fram low fertility dry sands
on outwash plains to medium-high fertility sandy loams on till plains
(Moran 1973:4), are of Pleistocene origin (Sammers 1977). The area is
within the lake Huron super-watershed and is drained by the north-
flowing Black, Sturgeon, and Pigeon Rivers.

The Michigan elk range is characterized by relatively mild summers
arﬂfairlyéoldwinbers(SmslS??). The mean anmual temperature an
the elk range is 5.6°C (Strommmen 1974), with yearly lows occurring in
Jamary and yearly highs occurring in July (NOAA 1988). Like most
years, 1987 and 1988 showed little variation in mean monthly

7
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tamperatures from the 1922-1988 lang-term average (Fig. 2). Freezing
tamperatures may occur as late in the spring as the end of May, and as
early in the fall as mid-September (NOAA 1987). Mean anmual rainfall is
74.9 cm, with 95% occurring between May and October (Strommen 1974).
There can be large variations in total monthly precipitation from year
to year, but September, on average, was the wettest month for the period
1922-1988 (Fig. 3) (NOAA 1988). Mean anmual snowfall is 246.6 cm, with
an average ground cover of 15 cm by the end of December (Michigan
Weather Service 1974).

Vegetation types are generally well mixed due to rapid variations
in moisture level, soil fertility, and management intensity. Lowland
areas are dominated by white cedar (Thmija occidentalis), black spruce
(Ricea mariana), alder (Almus glutinosa), balsam fir (Ables balsamea),
and dogwood (Cormus spp.) (Moran 1973). Upland areas are characterized
by well mixed stands of jack pine (Pimus banksiana), red maple (Acer
xubrup) , aspens (Populus spp.), white pine (Pinus styobus), sugar maple
(Acer saccharum), and red pine (Rimus resinosa) (Moran 1973).
Transitional areas are daminated by willows (Salix spp.), poor quality
red maple, poor quality aspens, and white birch (Betula papyrifera)
(Moran 1973). Moran (1973:7) broke the physiography of the elk range
into 6 general classes: sandy ocutwash plains, outwash plain-morainic
ecotones, steep morainic slopes, morainic uplands, riverbanks and
bottamlands, and coniferous swamps.
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Improvements in the aerial censusing of elk in Michigan involved
both an improvement in survey technique, and the use of correction
factors to account for visibility bias. Technique improvements included
a standardization of flight/weather conditions, a standardization of
helicopter flight characteristics, the construction of sampling unit
boundaries to facilitate the stratification of the swrvey area, and the
calculation of variance estimates for the optimal allocation of sampling
effort. Correction factors, designed to account for animals missed
during censusing, were developed through sightability modelling
procedures, and judged for accuracy through camputer similations.

‘Sampling Unit Boundaries
The present elk range encampasses a large area in Michigan's
northern lower peninsula, spamning portions of Cheboygan, Montmorency,
Otsego, ard Presque Isle counties. Since an area this size could not be
totally surveyed in a relatively short period of time, it was necessary

to exclude portions of the range with occasional occurrences of small
mmbers of elk, stratify the remaining area, and canstruct sampling
units within each stratum. Locations of elk groups sighted during the
previous 5 MINR elk counts (1984 to 1988) were plotted on a 1:84,480 map
to determine elk distributions and densities throughout the range.

12
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Areas where density was below 1 elk per 10 kn? were excluded fram
sampling and flight considerations. As a result, the area to be
surveyed encompassed 1,015.5 km? of the primary elk range lying east of
U.S. Interstate 75, north of the Wilkinson Road/M-32 network, west of
the Hall Road/Voyer lake Road/Upper Rainey River (west branch) network,
and south of the Rondo Road/Afton Road/Pigeon River Road/M-33/Hacket
Lake Road network (Fig. 4, Fig. 5).

The survey area was then divided into strata of abserved low,
medium, and high elk density, as developed by Siniff and Skoog (1964)
and modified by Houston et al. (1986). Stratification is a technique
used to improve sampling precision, but requires same knowledge of
animal distribution so that sampling units can be grouped into
homogenous strata. Knowledge of elk distribution and densities was
pmcvidedbyﬂlenidxiganbepaxmentofmﬁmalmth:am
previous elk count data. Each of the 3 density strata were further
broken down into individual sampling units, averaging 10.8 kn? in area
(Table 1, Apperdix Table Al). Bourdaries between density strata and
individual sampling units were constructed using natural and man-made
surface features easily visible from the air during winter (Fig. 4, Fig.
5). Major roads, creeks, and rivers were used primarily, but scme
boundaries included hilltops, swamp conifer stands, and ridges.
Density strata and sampling unit boundaries were marked on a 1:84,480
map of the entire Michigan elk range. The area of each sampling unit
was determined using the Bryant dot-grid method (Bryant 1943).
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Fig. 4. Western sampling units of low, medium, and high elk density
constructed for the aerial censusing of elk in Michigan.
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Fig. 5. Eastern sampling units of low, medium, and high elk density
constructed for the aerial censusing of elk in Michigan.
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Table 1. Total area, mean area (variance), and elk densities within
sampling units of low, medium, and high density strata for the
aerial censusing of elk in Michigan.

Samlihg Sampling Unit

Stratum Total Area Mean Area (Var) Elk Density
Low 506.1 km? 45 11.2 km? (8.6) 1-5/10 km?
Medium 328.5 km? 32 10.3 km? (8.6) 6-10/10 Xm2
High 180.9 km? 17 10.6 km? (5.2) 11+/10 km2

Total 1015.5 km? 94 10.8 km? (8.0)
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Fliaht Conditions and Characteristics

Helicopter flights over the primary elk range were made to
determine the sightability of elk (for correction factor development)
ard to gain estimates of between sampling unit variance for the optimal
allocation of sampling effort throughout the low, medium, and high
density strata. All flights were made in a Bell Jet Ranger 206-A
helicopter (Bell Aviation, Ft. Worth, TX), with counts and cbservations
performed by the aircraft pilot and a Michigan DNR biologist.

Wyoming Game and Fish Department (1982:56) suggested surveying elk
only when a standard set of weather conditions could be met. Optimally,
survey flights should be made when ground temperatures are at or above
=12°C (10°F), immediately after a fresh snowfall, with snow depths of
less than 60 cm, under clear skies (high, thin clouds permitted), and
with little or no air turbulence. Because of time restraints, this set
of standard weather conditions could not be strictly followed during
this project. All helicopter flights were made when ground temperatures
were at or above -23°C (-10°F) (at Gaylord airport), under clear skies,
and when wind speed was less than 27 km/hr. Recamended minimm ground
tenperature, maximm snow depth conditions, and fresh snow cover
conditions could not be precisely followed. Wyoming Game and Fish
Department (1982) allows for winter elk surveys anytime between 1
December and 15 March. Optimally, elk censuses in Michigan should be
carried out as close to 1 December as possible, when elk groups are
large and make minimal use of dense swamp conifer stands (Beyer 1987).
Helicopter availability, however, only allowed for flights between 7
Jaruary and 2 March.
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Helicopter flights were made during 9 days between 7 Jarmuary and 9
February, 1988 and 9 days between 7 February and 2 March, 1989. All
flights made during 1988 focused on sightability model development,
while flights made in 1989 focused on sightability modelling, variance
estimation, and sampling intensity determination. All helicopter
surveys were carried out between 9:30 and 15:30 and generally consisted
of ane 3-hour morning session and one 3-hour afternoon session. A 1-
hour break was taken between sessions to allow for aircraft refueling
and cbserver relaxation.

To insure consistency during the sampling of density units, a
standardized search procedure was developed. Sampling units were
surveyed using consecutive parallel transects across the entire unit,
along search lines 250 m apart (Fig. 6) Spacing of search lines
produced a band 1/4 km in width, allowing cbservers to search each band
campletely and with similar intensities. The direction of search varied
per sampling unit based on unit shape, wind speed and direction, sun
position, and location of the next unit to be sampled. The final
decision as to flight direction was delegated to the pilot, based on his
ability to keep a constant, standardized ground speed of 97-113 km/hr
(60-70 miles/hr) and an altitude of 46-61 m (150-200 ft).

Sichtability Model Data Collectjon

One of the major problems with any aerial censusing procedure is
the inability of cbservers to count every animal during survey flyovers
(Caughley 1977:36). This form of visibility bias usually leads to an
under-estimation of true animal abundance or density. Several
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procedures have been developed to account for those animals missed
auring a census. Most of these procedures involve the determination of
correction factors that are applied directly to visual counts (Cook and
Jacobson 1979, Crete et al. 1986, Houston et al. 1986, Samuel et al.
1987). The development of correction factors or visibility bias
adjustments, however, require an independent accurate count of surveyed
animals for camparison with counts cbtained from the air. Sightability
models developed for the aerial censusing of elk in Michigan were based
on this type of procecdure.

Michigan State University has been conducting telemetry studies of
elk within and around the Pigeon River Country State Forest since 1981
(Beyer 1987:14-16). Between 1 January, 1988 and 10 March, 1989, 32
individually collared elk were available for use in sightability model
development. During this period, collared elk were located at least
every 3 weeks, with intervals between locations kept to 1 week or less
prior to aerial surveys, and to 3 days during surveys. Close monitoring
of all collared elk allowed ground crews to more easily find individual
animals, and helped determine the sampling units to be surveyed for
visibility bias estimation.

Data for the development of sightability models was collected using
the standard helicopter search pattern and under the weather corditions
already described. Flights were made during 9 days between 7 Jammary
and 9 February, 1988 and during 9 days between 7 February and 2 March,
1989. Sampling units to be surveyed during these periods were chosen
based on the current location of collared elk. Only units containing at
least 1 radio-collared animal were surveyed. The specific sampling
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units chosen for censusing were based on unit location, unit size, and
estimated flight time between units, in an attempt to maximize data
collection efficiency. In general, 3 to 4 closely spaced sampling units
were surveyed during each of two 3-hour daily flight sessions.
Individual sampling units were not surveyed on consecutive days, and all
units containing collared elk were surveyed at least twice.

The development of elk sightability models was based on data
gathered on the accuracy of aerial counts of collared animals (and their
associated groups) as compared to ground or aerial counts of the same
groups. Helicopter crews consisted of 3 members: a Michigan Department
of Natural Resources cbserver, a pilot/cbserver, and a locator/radicman.
The helicopter was equipped with a 2-element yagi antemma and a TR-2
portable receiver matched with a TS-1 scamner (Telonics, Mesa, AZ) to
allow the helicopter locator to closely monitor all collared elk in each
designated sampling unit. This crew member was in constant direct
commmnication with ground crew members using hand-held two-way radios,
but did not participate in searching for elk, and did not canmmicate
collared elk locations to aerial search crews. Ground crew members were
also outfitted with 2-element antermas and TR-2 portable receivers to
closely monitor elk in selected units.

Once units to be sampled were chosen and ground crew members were
in position actively monitoring elk in those units, helicopter counts
were made. Surveys followed standard flight procedures until an elk
group was sighted by helicopter cbservers. At this point, an attempt
was made to count all elk by deviating from the standard pattern,
reducing altitude, and circling the observed group. Air crews recorded
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elk group size, bull/cow/calf camposition, time of day, parameters on .
vegetation stands occupied by the group, location (legal description),
ard behavior class of sighted groups, where 1 = bedded, 2 = standing,
ard 3 = moving. Vegetation stand parameters recorded included an
estimation of the percentage of conifer cover, based on 4 conifer cover

classes, where, 1 = 0-25%, 2 = 26~-50%, 3 = 51-75%, and 4 = 75%+.
Overall stand age class, where 1 = sapling, 2 = pole, and 3 = mature,
and conifer age class (1 = sapling, 2 = pole, and 3 = mature) were also

recorded as vegetation stand parameters. The presence or absence of a
collared in an cbserved group was determined by the helicopter locator
and cammnicated to helicopter cbservers after the group had been
campletely counted. Sighted elk groups were carefully cbserved from the
air to assure that all animals were counted. Once pertinent data on
each elk group was recorded, helicopter crews resumed the standard
flying pattern at the point where it was initially broken off.

If an elk group containing a radio-collared elk was not cbserved
from the air, as determined by the helicopter locator, the flight
pattern was not interrupted. Upon campleting the search of a sampling
unit, collared elk not cbserved were located fram the helicopter or by
grourd crews, ard data gathered on it. Ground crew members recorded elk
group size, time of day, stand vegetation parameters, location, and
behavior for groups not cbserved from the air.

This procedure was repeated for all units sampled during each day.
Upon locating groups missed during aerial surveys, ground crews
immediately proceeded to locate and monitor collared elk in other
designated sampling units. In general, each ground crew member was able
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to monitor elk in 1 unit during morning flights, and 1 unit during
afternoon flights, utilizing aircraft refueling breaks to move between
chosen units.

Sichtability Model Development

Cbrxectionfactor#designedtoaccamtforanimlsmisseddmﬁ:g
the aerial censusing of elk in Michigan, were developed in 3 distinct
stages. In stage 1, data collected an the aerial sightability of elk
was analyzed by forward stepwise logistic regression (Judge et al.
1980). In stage 2, factors fourd to significantly affect cbservability
were used to build sightability models as described by Samuel et al.
(1987) . In stage 3, constructed sightability models were used to
generate correction factors, again following the procedures developed by
Samuel et al. (1987).

Iogistic regression analysis was performed on collected
sightability data using the S.A.S. statistical package (Helwig and
Council 1979) on the Michigan State University I.B.M. mainframe
camputer. Logistic regression analysis performs 2 important tasks.
First, it judges, at a defined level of significance, which of the
independent variables tested, significantly affects the dependent
variable. Second, it produces regression coefficients associated with
those significant independent variables that can be used to construct
prediction functions. Initially, the entire data set collected was
analyzed to reveal which variables significantly (P < 0.10) influence
elk sightability. Conifer cover class, group size, conifer age class,
ard stand age class were defined as independent variables, while the
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classification of elk groups as "seen" or '"not seen" was defined as the
deperdent variable. Prior to regression analysis, elk behavior was
eliminated fram consideration as an independent variable.

In arder to determine the effects different model conditions had on
resultant coefficients, 6 additional logistic regression analyses were
performed. In subsequent analyses, portions of the data set were
anitted, sbecificirﬂeperdm‘xtmiablesmremtmidered,ardtlm
level of significance was redefined. Each analysis included 1 or more
of the model conditions listed above, but retained the classification of
elk groups as "seen" or '"not seen" as the deperdent variable. The data
set conditions and regression parameters used for each analysis are
presented in Table 2.

An elk sightability model was developed from the results of each
logistic regression analysis performed. For instance, the results of
analysis 1 were used to build sightability model 1. In this way 7
distinct sightability models were constructed. Only those independent
variables determined to significantly influence elk visibility were used
- to build each specific model. Development of all sightability models
was patterned after the work of Samuel et al. (1987). If regression
analysis found group size and conifer cover class to be the only factors
significantly influencing sightability, the model would take the form:

u = C + Og(group size) - Cc(conifer cover class)

the predicted sightability value

the regression constant

the regression coefficient for group size

the regression coefficient for conifer cover class.

880ﬁ
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The conifer cover class coefficient is a negative mmber since increases
in vegetative cover decrease sightability (Cook and Jacobson 1979).
Conversely, the group size coefficient is positive since an increase in
animal group size increases the probability of sighting that group from
the air (Samuel et al. 1987) If the logistic regression procedure
determined that stand age class also had a significant influence on
sightability, the model would take the form:

u = C + Oy(group size) - Cc(conifer cover class) - Cs(stand age class).

where,

u, ¢, 0, ard Cc are defined as above
Cs = the regression coefficient for stand age class

Here the stand age class coefficient is also negative since an
increase in the age of the daminant vegetation decreases the sighting
probability (Caughley 1974). The sightability value (u) is determined
by inserting cbserved group size, conifer cover class, and stand age
class into their respective places and carrying ocut the arithmetic. In
addition, the derived model could be expanded to include visibility
differences caused by conifer age. For this variable, the resultant
regressim coefficient would also be negative since increases in
vegetation age decrease animal visibility.
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Canversion of all 7 elk sightability models to correction factors
was accamplished using the procedure given by Samel et al. (1987). In
each case, a sighting prabability function was first derived through the
formula:

exp4
y- esesenesesesesasesan
1 + exp4

y = the sighting probability
u = the sightability value

Fram these functions then, correction factors were calculated by
inverting each sighting probability (1/y). Correction factors were then

applied to actual visual counts to arrive at an estimation of elk
abundance in the units sampled.

Camputer Similatjons

Judgement of models, based an accuracy and stability, was
accamplished through prediction calculations and through computer
similation. Initially, models were judged based solely cn how
accurately they predicted the total mmber of elk in each of the 4
conifer cover classes. Predicted elk mmbers were calculated by
applying correction factors, determined for all 7 models, to counts of
elk groups actually seen by helicopter crews. Since the data set used
to build model 5 cmitted elk cbservations in conifer class 4, a
mathematical probability calculation was used to predict elk mmbers in
that class (Appendix II). Each prediction was then campared to the
total mmber of elk in groups (seen ard not seen) containing a collared
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animal, for each of the 4 conifer cover class. In this mamner, models
that accurately and consistently predicted known elk totals from
cbserved elk totals, could be separated from those models that did not.

Accurate ard consistent models, model parts, and mathematical
probability calculations were used to canstruct 4 elk prediction
procedures of varying camplexity. Procedure I utilized a single model
to predict elk mmbers, procedures ITI and IV utilized parts of 2 models
to predict elk mmbers, while procedures II utilized parts of 3 models
to predict elk mmbers, as described below.

Procecure I: All cover classes predicted with model 1.

Procedure II: Cover classes 1, 2, axd 3 predicted with model 5;
cover class IV predicted mathematically (Appendix II).

Procedure III: Cover class 1 predicted with model 4; cover classes 2
ard 3 predicted with model 6; cover class 4 predicted
mathematically.

Procedure IV: Cover class 1 predicted with model 4; cover classes 2

arnd 3 predicted with model 3 (in this procedure cover
class 4 is cambined with class 3).

All procedures were then tested for accuracy and cansistency with
similated elk censusing data. The purpose of these similations was
threefold: to determine which procedure was most accurate and unbiased,
to determine whether single model or miltiple-model procedures handled
elk census data better, and to assess the ease with which camplex
procedures could be used.

All simulations were performed with the ILotus 1-2-3 perscnal
camputer software package, version 2.0 (LeBland and Cobb 1985). One
hundred groups of elk were placed within all conifer classes, using 8
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ratio schemes (Table 3). This was done to test model performance under
various elk group distributions that were either cbserved in the field,
judged prabable to occur, judged possible to occur, judged too extreme
to occur, or judged too uniform to occur (Table 3). Elk group sizes
were randomly generated, within specified boundaries, for each conifer
cover class. Conifer cover class 1 (0-25% conifer) contained groups
fram 1 to 50 animals in size, cover class 2 (26-50% conifer) contained
groups 1 to 30 animals in size, cover class 3 (51-75% conifer) contained
groups from 1 to 20 animals in size, and cover class 4 (>75% conifer)
contained groups fram 1 to 15 animals in size. Once the mumber and size
of groups present in each conifer cover class were determined, each
group was randamly designated as "seen" or "not seen". Similations were
constructed such that fram 70-95% of groups in cover class 1 were
"seen", from 65-90% of groups in cover class 2 were "seen", from 30-60%
of groups in cover class 3 were "seen", and fram 0-20% of groups in
cover class 4 were "seen". These ranges reflect the percentage of
groups actually seen during data collection, and agree with ranges given
by T. Carlson (pers. commm.). Procedures I-IV were then used to
predict elk mmbers in each conifer cover class solely from the sizes of
elk groups designated as "seen". Total elk predicted by each procedure
for the 4 conifer cover classes was then campared to the total mmber of
elk known to be present in each class. The mmber of elk predicted in
all classes by each procedure and the mumber of elk known to be present
in all classes was also compared.
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Table 3. Distribution of 100 elk groups within 4 conifer cover classes
of 8 simulations designed to test prediction
developed for the aerial censusing of elk in Michigan.

—Conifer Cover Class (% Conifer Cover)

Simalation 1 (0-25%) 2 (26-50%) 3 (51-75%) 4 (75%+)

(Distribution)
Similation 1

(Extreme) 31 32 32 5
Similation 2

(Even) 25 25 25 25
Similation 3

(Qbsexved) 46 20 14 20
Simualtion 4

(Prcbable) 50 18 18 14
Similation 5

(Possible) 60 14 13 13
Similation 6

(Extreme) 61 25 10 4
Similation 7

(Even) 31 23 23 23
Similation 8

(Possible) 40 20 20 20
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Results of camputer similations were analyzed to evaluate the
performance of all procedures based on average bias, mmber of estimates
within 50 of the known total, range of estimates (distance between the
minimm and maximm estimate), and overall bias. A chi-square test of
significance was performed to test whether models were biased under each
similation. Bias tendencies were given the most cansideration when

judging prediction procedures, followed by average bias, and range.

Population and Varjance Estimation

During flights made between 23 February and 2 March, 1989, units of
low, medium, and high elk densities were surveyed to estimate variances
for the optimal allocation of sampling effort, and to estimate Michigan
elkhen:d.size. Units to be surveyed were chosen, by strata, using a
random mumber generator. Ten low density, 14 medium density, and 14
high density units were surveyed using the standardized search
procedures described above. A Michigan INR cbserver, ard a
pilot/cbserver counted and recorded all animals seen during helicopter
flyovers. Elk counts were not carrected for visibility bias until all
units had been surveyed.

An estimate of the total elk population was made fram the data
collected from 23 February through 2 March, 1989. Since the sampling
units used in this census were of unequal size, the expanded population
estimate was based on the ratio of area sampled to total area (Caughley
1977). The mumber of elk seen within a particular conifer class of each
stratum were sumed and the total corrected using the prediction

procedure found to be most appropriate, based on sightability data
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collected in 1988-89. As such, 12 distinct counts were corrected, 1 for
each of the 4 conifer classes within each of the 3 density strata (i.e.
conifer class 1 of the low stratum, conifer class 2 of the medium
stratum, and conifer class 3 of the high stratim). The corrected counts
for each conifer class within a particular stratum were summed to arrive
at a total corrected count for that stratum. Corrected elk counts were
miltiplied by the inverse percentage of area actually flown within each
stratum, providing an estimate of the mmber of elk present within each
stratum. Suming the individual stratum estimates provided an estimate
for total elk mmbers over the entire range.

A modified non-respanse Horvitz-Thampson estimator, as presented by
Steinhorst and Samiel (1989), was used to estimate variance from
population helicopter surveys. The estimator partitions total variance
into camponents of survey error, sightability error, and model error.
The survey component estimates error due to survey methodology and
sampling effort allocation. The sightability component estimates error
due to visibility bias, that is, the:l.nability of aerial counters to
sight all animals present. The model camponent estimates error
associated with the sightability model used to correct elk counts.

Variance estimates were calculated for each of the 3 density strata
and then summed as an estimate of overall unit variance. Total variance
was then used to construct 95% and 90% confidence intervals at 60
degrees of freedam. A coefficient of variability (Steel and Torrie
1980:27) was calculated from population and variance estimates for
camparison with similar estimates fram other aerial wildlife census
research.
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Census Coets

Total costs were estimated for both the current Michigan DNR elk
censusing technique and the stratified aerial sampling method used in
this study. A direct camparison was made between these two estimates
using the following parameters:

Helicopter rental — $150.00/hr

Helicopter fuel — $1.85/gallon

Pilot lodging — $65.00/day

MINR persommel salary — $25.00/hour/man

Snowmcbile rental — $78/machine/day

Michigan INR census cost estimates include helicopter rental for
17-31 hours, fuel costs for 2-4 days (75 gallons/day) of flight, pilot
lodging for 1-3 nights, 20 MINR persomnel salaries for 2-4 days (9
hours/day), and rental of 7 snowmcbiles for 2-4 days. Stratified aerial
census cost estimates include helicopter rental for 31-45 hours,
helicopter fuel costs for 4-6 days (150 gallons/day) of flight, pilot
lodging for 3-5 nights, and 2 MINR persamnel salaries for 4-6 days (9
hours/day). Since the stratified aerial method requires no snowmcbile
rental, this additional expense need not be included. Due to
difficulties in ascertaining the cost of operating wheeled vehicles this
expenditure has not been included for the MDNR census method cost
estimate.



Data Collection

Fifty-five sampling units (17 different) were flown on 18 days in
1988 and 1989 for sightability model development. A total of 775 elk in
79 groups were cbserved from the air, the ground, or both. A total of
638 elk in 52 groups (12.3 elk/group) were seen by aerial crews, while
137 elk in 27 groups (5.1 elk/group) were not seen during flyovers. Of
the elk groups seen, 32 (61.5%) were in vegetation where conifer cover
was not more than 25% (cover class 1), 13 (25%) were in stands of 26~
50% conifer cover (cover class 2), 5 (9.6%) were in stands of 51-75%
conifer cover (cover class 3), and 2 (3.8%) were in stands where conifer
cover was more than 75% (cover class 4). Of the elk groups not seen by
aerial crews, 4 (14.8%) were in conifer cover class 1, 3 (11.1%) were in
conifer cover class 2, 6 (22.2%) were in conifer cover class 3, and 14
(51.9%) were in conifer cover class 4. Appendix Table A2 summarizes the
data collected for sightability model development.

Helicopter survey flights were made to estimate between sampling
unit variance, and to determine the optimal allocation of sampling
effort through low, medium, and hich density strata. Fourteen of 17
high density units, totalling 150.4 km? (83.1% of total strata area,
82.4% of strata units), were surveyed, counting 252 elk in 25 groups.
Fourteen of 32 medium density units, totalling 139.8 km? (42.6% of

34
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strata area, 43.75% of strata units), were surveyed, counting 101 elk in
13 groups. Ten of 45 low density units, totalling 97 km? (19.2% of
strata area, 22.2% of strata units) were surveyed, counting 74 elk in 10
groups. Appendix Table A3 summarizes the data collected for the
estimation of population size and variance.

Sightability Models

A sightability model was developed based on logistic regression
analysis and included the calculated coefficients for factors found to
significantly (P < 0.10) influence elk visibility from the air. Five
possible sources of visibility bias were recorded during data collection
ard used as independent variables during regression: conifer cover
class, group size, conifer age class, daminant vegetation (stand) age
class, and animal behavior class. The dependent variable for regression
analysis was the dichotamous classification of elk groups as "seen" or
"not seen". Before sightability modelling was initiated, animal
behavior data was judged to be incampatible with the rest of the data
set and was not included in the logistic regression analysis.

The initial step of the logistic regression analysis indicated that
only conifer cover class (P < 0.001) significantly influenced elk
visibility. Elk group size, conifer age class, and stand age class
showed no significant influence on sightability. Final coefficients,
thus, included the regression constant (3.698) and the conifer cover
class coefficient (-1.333). Model 1 was constructed using these
coefficients and tock the form:

u= 3,698 - (1.333) (conifer cover class)
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The final coefficient for conifer cover classes was negative due to the
inverse relationship between conifer cover and animal visibility from
the air (Caughley 1974).

Correction factors specific for each conifer cover class were then
calculated as described by Samuel et al. (1987). The correction for elk
groups seen in conifer cover class 1 was: (1.094) (ES), where ES = the
total rumber of elk seen in that cover class. The correction for elk
groups seen in cover classes 2, 3, and 4 were: (1.355) (ES), (2.353) (ES),
and (6.135) (ES), respectively. Corrected elk counts for each conifer
cover class are presented in Appendix Table Ad.

Six additional models were developed using logistic regression
analysis by eliminating specific independent variables, or by
eliminating portions of the data set before analysis. All models were
constructed using same ar all of the defined conifer cover class, except
models 3 and 4, which cambined data from classes 3 and 4 into a single
class representing conifer cover of 50% or more.

Table 2 summarizes the conditions imposed on the data set prior to
regression analysis. Table 4 summarizes the final coefficients of
factors significantly influencing elk visibility, as determined with 7
logistic regression analyses. Models 2 through 6 were built using
significant variable coefficierxtsintlnesan\emieras;nodel 1, ard as
described in the methods.

Since cover class 4 was amitted from the data set used to build
model 5, elk predictions for this class were made with a mathematical
probability calculation (Appendix II). All models were judged for
accuracy by comparing the total mmber of elk known to be present in
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Table 4. Significant logistic regression coefficients of 7 sightability
models developed for the aerial censusing of elk in Michigan.

Model Constant Cover Class Group Size

1l 3.698 -1.333 (P < 0.001)

2 2.481 -1.168 (P < 0.001) 0.119 (P < 0.125)
3 4.207 -2.374 (P < 0.007) 0.344 (P < 0.037)
4 4.041 -1.634 (P < 0.001)

5 3.338 -1.115 (P < 0.007)

6 2.847 -1.664 (P < 0.003) 0.345 (P < 0.036)
7 5.108 -1.764 (P < 0.069)
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each conifer cover class with elk mmbers predicted by each model. Only
those elk groups that were actually seen by aerial crews were used in
each model to predict elk mmbers (Table 5).

Camputer Simulations

The results in Table 5 were used to construct 4 elk prediction
procedures, based on logistic regression derived sightability models.
These procedures included whole models, portions of models, coambinations
of models, and mathematical probabilities. Procedures utilizing several
different models were constructed to determine if an elk prediction
methodology based on miltiple models, though more complex to use, would
more acaurately and consistently account for missed animals. The
canstitution of each prediction procedure, based an the 4 conifer cover
classes, is given below.

Procedure I: All cover classes predicted with model 1.

Procedure II: Cover classes 1, 2, and 3 predicted with model 5;
cover class 4 predicted mathematically (Appendix II).

Procedure III: Cover class 1 predicted with model 4; cover classes
2 ard 3 predicted with model 6; cover class 4
predicted mathematically.

Procedure IV: Cover class 1 predicted with model 4; cover classes

2 and 3 predicted with model 3 (in this procedure
cover class 4 is cambined with class 3).

These 4 procedures were tested for accuracy and stability with 8
camputer similations. Each similation was comprised of 100 elk groups,
distributed in varying proportions among the 4 conifer cover classes,
arnd randomly assigned as "seen" or "not seen". Procedures I and II were
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Table 5. Known elk totals for 4 conifer cover classes and predicted
totals for 7 sightability models for the aerial censusing
of elk in Michigan, 1988-1989.

Qonifer Class
1 2 3 4
Total Elk in Groups
with Collared Elk 483.0 157.0 58.0 77.0

135.0 (Class 3 + 4)

Model 1 489.9 204.8 77.7 42.9
Model 2 465.6 178.8 71.5 48.0
Model 3 449.4 162.2 136.9 (Class 3 + 4)
Model 4 487.2 220.5 111.1 (Class 3 + 4)
Model S 495.6 200.8 66.2 62.5%
Model 6 -— 153.5 60.3 100.5
Model 7 -— -_— 72.7 56.1

* Prediction produced through mathematical probability calculations
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Judged to be the most accurate, stable, and least biased (Table 6,
Fig. 7). Procedure I was unbiased more often than Procedure II, except
when the distribution of elk in conifer cover classes approached
everness. Procedure IT tended to have a slight positive bias,
particularly when large percemntages of elk occurred in conifer cover
class 1. Although Procedure I produced the widest range from minimm
value to maximm value, it's unbiasedness and simplicity make it the
most desireable procedure of the 4 tested.

Population and Variance Estimates

Most elk cbeerved from the air during those flights conducted
specifically for population sampling were seen in less than 25% conifer
cover, with no elk groups seen in any areas where conifer cover exceeded
75% (Table 7).

Using the sightability model equation u = 3.689 - (1.333) (conifer
cover class), an elk population was estimated, based on the percentage
of total area surveyed, to be 1,236 animals (Table 8).

Variance estimations using a modified non-response Horvitz-Thampson
estimator (Steinhorst and Samuel 1989) are given in Table 9. Analysis
of the variance camponents showed that survey error accounted for 54.6%
of the total variance, sightability error accounted for 42.7%, and model
error accounted for only 2.7%. Low density stratum variance was found
to account for 84% of the total variance, while medium density variance
ard high density variance accounted for only 11% and 5% of the total
variance, respectively. Individual stratum variance was summed to
provide an estimate of total variance of 53,023.3. At 60 degrees of
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Table 6. Biases, average bias, range, and mmber of points within 50
animals of true population size for 4 prediction procedures
under 8 similated aerial censuses of elk in Michgan. The
series under each similation reflects the mmber of elk
groups assigned to conifer cover classes 1-2-3-4.

Similation Procedure Bias Avg. Bias Range Within 50
I None 21.7 413 51
1l II Pos 48.1 314 46
31-32-32-5 III None -22.6 266 48
Iv None 1.4 364 42
I None -11.7 430 46
) I Neg -49.7 309 48
25-25-25-25 III Pos 97.9 307 22
Iv Neg -55.1 395 39
I Nane -11.6 466 47
3 II None -2.4 342 66
46-20-14-20 III Neg -46.4 355 51
v Neg -62.7 324 39
I None -21.8 422 53
4 II None 19.3 277 60
50~-18-18-~14 III None -21.9 355 55
v Neg -43.0 314 40
I Nane =16.5 375 46
5 II Pos 34.9 321 49
60-14-13-13 II1 None -2.2 283 53
Iv Neg -43.2 306 49
I Pos 88.8 371 57
6 II Fos 103.9 279 20
61-25-10-4 III Pos 49.8 297 42
Iv Neg =30.5 300 55
I Neg -34.6 463 37
7 II Neg -47.3 312 51
31-23-23-23 II1 Neg =91.2 269 24
v Neg -64.2 388 38
I None -11l.1 517 34
8 II None -15.0 362 49
40-20-20-20 III Neg -65.2 283 42
Iv Neg -55.5 336 42
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Table 7. Distribution of elk within conifer age and cover classes
for groups seen during Michgan elk population/variance
helicopter surveys, 1989.

Conifer Cover Class

Conifer Age High Medium Low Total
Class 1

No Conifer 7 (15%) 2 (4%) 6 (13%) 15 (31%)

Sapling Conifer 5 (10%) 2 (4%) o} 7 (15%)

Pole Conifer 0 2 (4%) 0 2 (4%)

Mature Conifer 4 (8%) o] o] 4 (8%)
Total 16 (33%) 6 (13%) 6 (13%) 28 (58%)
Class 2

Sapling Conifer 1 (2%) 1 (2%) 1 (2%) 3 (6%)

Pole Conifer 1 (2%) 3 (6%) 0] 4 (8%)

Mature Conifer 4 (8%) 1 (2%) 2 (4%) 7 (15%)
Total 6 (13%) 5 (10%) 3 (6%) 14 (29%)
Class 3

Sapling Conifer o} o 0 o

Pole Conifer 0 0 0 0

Mature Conifer 3 (6%) 2 (4%) 1 (2%) 6 (13%)
Total 3 (6%) 2 (4%) 1 (2%) 6 (13%)
Class 4

All Conifer 0 0 . 0 0
Totals 25 (52%) 13 (27%) 10 (21%) 48
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Table 8. Estimates of total elk population size derived from Michigan
elk population/variance helicopter surveys, 1989.

Parameter -
Total Units 45 32 17 94
Units Sampled 10 14 14 38
Total Area (km2) 506.1 328.5 180.9 1,015.5
Area Sampled (km2) 97.2 139.9 150.3 387.4
Ratio Sampled (Ay)€ 0.19 0.43 0.83 0.38
Area Estimator (1/Ay) 5.26 2.33 1.20 —_
Cbserved Elk Count
Conifer Class 1 40 46 198 284
Conifer Class 2 19 44 37 100
Conifer Class 3 15 11 17 43
Conifer Class 4 0 ‘ 0 0 0
Corrected Elk Count
Conifer Class 1 43.76 - 50.32 216.60 310.68
Conifer Class 2 25.77 59.67 50.18 135.62
Conifer Class 3 35.26 25.86 39.96 101.08
Conifer Class 4 0.00 0.00 0.00 0.00
Total (T) 104.79 135.85 306.74 547.38
M (Te * 1/Ay) 551.20 316.53 368.09 1235.82

Note: @Ak-Araasanpled/'Ibtalarea




Table 9. Estimates of variance
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in low, medium, and high

density strata from Michigan elk population/variance
helicopter surveys, 1989.

Error

Camponent Low Medium High Total
Sampling Exror 37,982.48 6,221.52 2,769.65 46,973.65
Covariance -12,484.17 -3,397.35 -2,140.09 -18,021.61
Survey Error 25,498.31 2,824.17 629.57 28,952.05
Survey Error 25,498.31 2,824.17 629.57 28,952.05
Sightability 17,925.64 2,692.27 - 2,039.57 22,657.48
Model Error 976.08 248.75 188.96 1,413.79
Stratum Total 44,400.04 5,765.19 2,858.09

Variance Total 53,023.32

Coefficient of Variability = 18.6%
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freedcom, the 95% confidence interval is N + 451, and the 90% confidence
interval is N + 378. Based on a population estimate of 1,236, the 95%
confidence interval for estimated Michigan elk herd size is 785-1,687
animals, while the 90% confidence interval is 858-1,614 animals. The
calculated coefficient of variability (CV) associated with the
calculated population and variance estimates is 18.6%

Census Costs

In 1988 the Michigan INR utilized around 20 persomnel and mumerous
volunteers to act as ground counters during the ammual 3-day elk census
(E. E. Iangeneau pers. cammm.). Although volunteer workers were not
accounted for in cost analysis, the MINR persomnel salary camponent
still represents the major expenditure incurred by the state agency
(Table 10). Even if a stratified random aerial census was executed over
6 days, the monetary savings in persamel would still make it less
expensivethanthecunmt[ﬂ!n\etmd. Based on a fuel usage rate of 25
gallons per hour (150 gallons/day), use of a stratified randam census
would cost approximately $7,755 for 4 days, $9,598 for 5 days, and
$11,440 for 6 days. Camplete elk counts fram the air and ground would
cost approximately $13,262 for 2 days, $19,701 for 3 days, and $26,139
for 4 days (Table 10). E.Venifacmventionalcensuscwld\pee:mrted
in 2 days, a 6 day stratified aerial count could still cost nearly
$2,000 less. The estimated cost of a 3 day ca_uplete count, $19,071
agrees well with the true cost, $20,000 to $24,000, calculated by the
Michigan INR (E. E. langeneau pers. cammm.).
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Table 10. Cost analysis for 2 methods of censusing elk in Michigan: a
2-4 day camplete air and ground census, and a 4-6 day
statified random aerial census.

Cost Complete Randam
Camponent 2days 3 days 4 days 4 days 5 days 6 days
Helicopter

Rental $2550 $3600 $4650 $4650 $5700 $6750
Heliccp&ar

Fuel $555 $833 $1110 $1110 $1388 $1665
Pilot lLodging $65 $130 $195 $195 $260 $325
Persamel

Salary# $9000 $13500 $18000 $1800 $2250 $2700
Snow Mobile

Rental® $1092 $1638 $2184 — —_— . —

Total $13262 $19701 $26139 $7755 $9598 $11440

€50 qallons/day at $1.85/gallon
#$25/9 hours/man/day
*7 machines at $78/machine/day




DISCUSSION

Collected Data

The primary constraints to the collection of data for sightability
modelling, and for population/variance estimation were helicopter
availability and weather. The Bell Jet Ranger helicopter used for all
flights was rented from the Michigan State Police Air Unit, and as such,
was not always available upon demand. Although arrangements for
research were made in advance, police use, maintenance, scheduling
conflicts, and available funds limited helicopter availability. within
this constraint, weather conditions and availability of cbservers and
ground crews further reduced the mumber of suitable flying days.

Recammended standard weather conditions are carefully designed to
increase the probability of sighting a large mmber of elk (Wyoming Game
ard Fish Department 1982). In Michigan elk should be censused as soon
after 1 December as possible. Census timing is important, since this is
the period when elk are congregated in large groups, temperatures are
fairly high, and snow fall is frequent enouch to produce a clean
background but is not very deep. Since elk tend to retreat into dense
conifer swamps as the ambient air temperature drops (Beyer 1987), survey
flights should not be executed when ground temperatures are lower than
=12°C (10°F). Kelsall (1969) determined that ungulate mobility was
severely restricted when snow depths exceeded 2/3 of adult chest height.

48
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Considering figures published by Flook (1970:130) and Telfer and Kelsall
(1979) , movement should not be hampered in snow depths of less than 70
cm; agreeing well with the depth Sweeney and Sweeney (1984) reported as
a hinderance to elk movement. To insure good elk mobility, survey
flights should not be executed if snow depths exceeded 60 cm. Caughley
(1974) indicated that cbserver fatigue and cloud cover could
significantly affect aerial wildlife counts. As such, flight sessions
should be kept to a maximm of 3 hours, and only made when little or no
cloud cover is present over the study area. Strict adherence to these
ard other flight limitations will insure that the majority of elk in
sampling units will not be in conifer swamps, will be in large
cangregations, and will be highly visible.

The conditions under which data was collected did not always follow
those recammended. Time restrictions caused by helicopter and ground
crew availability resulted in helicopter survey flights in temperatures
as low as -23°C (-10°F) and in snow depths exceeding 60 cm. Further, no
flights were made in December of any year, with population/variance
surveys pushed back to late February and early March. The overall
result was that a fair mmber of elk may have been in dense swamp
conifer stands during same of the survey flights, and large elk groups
had probably bequn to break up. To avoid these problems, future elk
surveys should be carried out as close to 1 December as possible, under

During 14 days of sightability data collection, 79 cbservations
(5.6/day) were recorded. Samuel et al. (1987) built 2 logistic
regression prediction models based on the cbservation of 111 elk groups,
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but found that regression coefficients did not change significantly
after 65 cbservations (M.D. Samuel pers. cammmn.). Though a data set of
100 to 120 cbservations would have been desirable, the 79 My
recorded is probably sufficient for the development of an accurate
sightability model for Michigan elk. The only potential problem with
the sightability data is the uneven distribution of cbservations
throughout the density strata. This problem will be discussed later.

Data collection for population/variance estimation tock place over
4 days ard covered units in all density strata. Calculated variance
estimates indicated that sampling was probably too heavy in the high
density stratum, adequate in the medium density stratum, and probably
too light in the low density stratum. As such, the data collected for
population/variance estimates may have been inadequate, while sampling
effort was certainly not optimally allocated. Optimal allocation of
sampling effort will be discussed more fully below.

Of 17 different sampling units sampled for sightability modelling,
only 5 (29.4%) were not high density units. The preponderance of high
density units in the data set may be problematic in a mmber of
circumstances. Prior to censusing, it was assumed that elk group size,
elk behavior, and elk use of conifer cover classes was independent of
the density stratum occupied. If this assumption is not valiq,
regression models constructed to predict sightability over the entire
elk range may not be accurate. 'meqatherirgpfe]ksightabilitydata
was totally dependent on the detection of animals equipped with radio
transmitting collars, as is recammended by Steinhorst and Samuel (1989).
As a result, the mmber and location of units actually available for
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censusing was limited by the mmber and distribution of collared elk.
It has been assumed that sightability factors act independent of density
strata, so the uneven distrilbution of collared animals is of no real
concern. If this assumption is found to be invalid, an effort to place
collared animals evenly throughout the entire range would have to be
made.

Results show that, for groups seen, the average mumber of elk per
group is more that twice that for groups not seen. This would seem to
indicate that elk group size does significantly influence elk
visibility. The resultant logistic regression model, however, leaves it
oaut. Table A2 shows that, for groups seen, the median group size and
the group size mode are both 7, quite a bit below the average of 12.3
elk/group. For groups not seen, the median group size and the group
size mode are 5, agreeing well with the average of 5.1 elk/group.
Several very large elk groups, I believe, have produced a misleading
camparison by inflating the average group size for groups seen.  If the
7 largest groups are removed fram the data set for groups seen, the
average drops to 8.4 elk/group. In addition, whereas the average group
size for groups not seen is only 41% of that for groups seen, the median
and mode for groups not seen is more than 71% of that for groups seen.
These figures further indicate that average group size for groups seen
has probably been inflated by the sighting of several very large groups.
Itiseasy,tlm,toseemygzwpsizemsm;iml\ﬂedinthelogistic
regression model at the 90% level.
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Most of the elk groups (86.6%) that were seen from the air were
located in areas where conifer cover was less than 50% Of the elk
groups that were not seen by helicopter crews, 74% inhabited dense
canifer cover, while less than 26% were in moderate to sparse conifer.
Not surprisingly, all models generated, esxcept 1, determined that
conifer cover had a highly significant (P < 0.007) effect on elk
visibility from the air (Table 4). To minimize the effect of conifer
cover, future aerial censuses in Michigan should be carried out in early
December when elk make infrequent use of dense conifer stards.

Sichtability Models

Many forms of aerial census correction methodologies have been
developed over the past 20 years. If sightability of an animal is
constant, mark-recapture or change-in-ratio procedures can be used
successfully (Rice and Harder 1977, Eberhardt -1978). Several recent
studies indicated, however, that sightabilities can change over a study
area due to a mumber of factors (Samuel and Pollock 1981, Gasaway et al.
1985) . Under these circumstances, aerial counts corrected with a
constant sighting function can produce an under-estimation of population
size (Seber 1982:322) and other methods are required. The method for
evaluating the sightability of elk in Michigan used a logistic
regression analysis (Samuel et al. 1987) to construct correction models
based on factors that significantly affect aerial animal visibility.

The initial sightability model for winter helicopter counts of elk
in Michigan indicated that percent conifer cover alone was the primary
factor influencing cbservability. Many other researchers have also
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indicated that vegetation cover was an important factor to consider when
making aerial counts on ungulates (Floyd et al. 1979, Gasaway et al.
1986, Samuel et al. 1987). Many researchers have also stressed the
importance of animal group size to sightability (Cock and Martin 1974,
Cock and Jacocbson 1979, Samuel and Pollock 1981, Crete et al. 1986),
althouwgh it was not included in the initial sightability model
determined for Michigan elk. In order to gauge the effect it would have
on the resultant sightability models, group size was introduced into 3
regression analyses. Since analysis of the original data set determined
that groups size was not a significant factor (at P <0.10), the data set
had to be reconstructed, or the level of significance dropped in order
to include it. Of 3 regression models built to include group size, the
acauracy of 2 indicated that it may be appropriate to include group size
into sightability models (Teble 5) . s such, models that utilized elk
group size were included in 2 of 4 prediction procedures tested for
accuracy and consistency.

Three additional sightability models were also built by
restructuring the data set or redefining the level of significance
necessary to include independent variables. This was done to determine
how logistic regression analysis behaved under different circumstances.
Precise knowledge of model behavior could then serve to indicate how
best to record and structure future sightability or census data.
Resultsshmvedttntmdelshﬂltwiﬂarestrictgddatamslightlymre
accurate than models built with the original data set intact (Table 5).
Restricting the data necessitated restricting the conditions under which
that model can be used. Since the model is caonstructed using only the



54
data from the conifer cover classes to which it's use is restricted, the
resultant predictions are very good. For instance, model 7 was built
only using data from conifer cover classes 3 ard 4. Since the resultant
regression model could only be applied to those classes, the predictions
generated by the model are fairly accurate. Model 6 was constructed
using conifer cover classes 2, 3, ard 4, ard can only be applied to elk
seen in them. As a result, the predictions generated are good,
particularly for cover classes 2 and 3. These results indicated that an
analysis limited to a single cover class should produce highly accurate
predictions for elk in that class.

The tendency for models to become less accurate as they encampass
more conifer cover classes is due primarily to differences in elk
sightability among classes. While 86.5% of the elk groups in sparse
conifer (classes 1 ard 2) were seen, less than 50% were seen in cover
class 3, and only 12.5% were seen in dense conifer cover (class 4).
When a single model is used for all classes of conifer cover, it takes
into account such sightability differences, and accuracy suffers.
Models produced with restricted data, however, are freed from this
problem, and have to take into account only 1 or 2 different
sightabilities, and can produce more accurate predictions.

Despite increased accuracy over those that encampass several
conifer cover classes, models built fram only 1 or 2 classes may not be
the most desirable. Anyadvantagesgainedﬂ:r_cnghirnreasesin
precision, may be undermined by increases in method camplexity. To
determine whether single model or multiple model methods provide the
most accurate, consistent, and unbiased elk population predictions, 8
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similations were performed. The results of these similations were
analyzed to reveal trends and biases and will be discussed in the
following section.

Gasaway et al. (1985) found that bedded moose were more likely to
be missed during flyovers than were standing or moving moose. Samuel et
al. (1987) also found that animal behavior was significantly related to
sightability, but that it was strongly correlated with group size and
vegetation cover characteristics. As a result, the actual effect that
animal behavior had on aerial sightability could not be determined.
Initially, elk behavior was included for consideration as a significant
influence on Michigan elk sightability. Prior to data analysis,
however, this factor was removed from consideration. Determination of
the behavior of missed elk required visual cantact and verification by
ground crew members. Since the elapsed time fram flyover to ground
viémlcontactcmldbeasgmatasﬁmimrtes, it was deemed
unreasonable to assume that elk behavior had not changed. In order to
include this factor in analysis, it would have been necessary for ground
crews to make contact with each elk group prior to or during helicopter

surveys. Limitations on man-power and time prevented ground crew
members from immediately verifying behavior with this adjustment.

Camputer Simulations

The performance of 4 elk prediction procedures under similation
indicated that a model constructed from the full data set, though
probably less accurate within individual conifer cover classes, is more
consistent and unbiased than are multiple model procedures (Table 6).
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The inaccuracy of single model procedures is manifested in the range of
bias values produced. Bias values were calculated by taking the
difference between known total elk mmbers and predicted total elk
mmbers. Procedure I had a greater spread fram minimm bias to maximm
bias than any other procedure for all 8 simulations. The most important
characteristics of these procedures, however, are their average biases.
Procedure I is biased in 2 similations, procedure II is biased in 5,
procedure IIT is biased in 5, and procedure IV is biased in 7. The lack
of bias in most simulations, and the relative ease with which it can be
calculated and applied to field observations, makes procedure I the best
choice for predicting elk populations in Michigan.

Underlying the design and construction of each of the 8 simulations
are several parameters and characteristics that should be discussed.
Within each similation a percentage of 100 elk groups are assigned to
each of the 4 conifer cover classes. Elk group sizes appearing within a
partiwlarclassvnrerarﬂmlygaﬁated,hmtellwithinaspeciﬂed
range. This range was determined from information gathered during
sightability model data collection and from persanal cbeervations. In
addition, the distribution of group sizes was mathematically dictated to
produce average group sizes of 5 to 12 elk/group. It was assumed that
the size and distribution of groups within each cover class accurately
reflected true group size and distribution parameters. Specifying the
size of elk groups within each cover class also relied on the assumption
that elk group size was not independent of vegetation cover. It is
difficult to fully test or analyze the effect of vegetation cover on
group size, but indications are that there may be a relationship.
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The effects weather and season have on the group sizes of herding
animlshavebeenwalldoo.mentédformnyspecies (Bergerud 1978, Boyd
1978, Houston 1982). Contrarily, the relationship between animal group
size and vegetation density has not been researched to a large extent.
Jeppesen (1987), however, found that groups of red deer (Cervus elaphus)
averaged 3.7 animals/group when in forests, and 9.7 animals/qroup when
in open lands. Moran (1973) and Bergerud (1978:87) also indicated that
vegetation cover and density may affect cbserved group sizes in elk and
caribou, respectively. Within a particular season, then, variations in
grwpsizearamtm:smlforanimlsobsewed-indiffermtdensities
of vegetation. These findings support the use of different ranges of
group size in each conifer cover class during similation design and
canstruction.

Fig. 6 illustrates the erratic behavior of the prediction
procedures. Procedure I is fairly consistent under most conditions,
except when conifer cover class use ratios approach equality or became
extremely unequal. It's behavior suggested that inaccuracies or
inconsistencies may occur when an unusually large mumber of elk groups
inhabit areas of dense conifer cover (class 4), or when very few groups
make use of stands of moderate conifer cover (classes 2 ard 3). If
future elk surveys are flown in early winter, as recommended, few elk
will be in dense conifer, but same will be in moderate conifer cover.
Urderthesecaﬂitims,thisprocadurewillwo;kwell.

Procedure IT behaves much the same way as procedure I, but tends to
became positively biased more quickly. At extreme distribution

proportions, procedure II terds to explode, and drops precipitously when
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elk distributions throughout conifer cover classes approach equality.
Procedure ITII follows the trends established by procedures I and II, but
in an exaggerated fashion. It is possible that procedures ITI and III
suffer inconsistencies due to the use of several class-specific models.
Procedures IT and ITI predict elk populations in 4 cover classes with 3
distinct models, removing the tendency of a single model to temper
extremes in a particular cover class. For this reason procedure I tends
to be more consistent and less affected by drastic inequalities in elk
group distribution.

Procedure IV was constructed with 2 different models, but restricts
the mmber of conifer cover classes from 4 to 3. For this reason, it
also tends to be more consistent, though still rather undesirable
because of it's strong negative biases. It is interesting to note that
procedure IV performs best when the mmber of elk groups in dense
conifer cover is very small; while the other procedures perform rather
poorly under these corditions.

Assuming that future elk censuses will be carried out in early
winter when few groups use dense conifer, but many use moderate conifer,
procedures I and IT are the most appropriate. Procedure I, however, has
severaladvantagasﬁhatmkeitmuseﬂxlforpmdictingelk
populations in Michigan. Primary among these is sinplici?y. Designing
canmputer programs to make population and variance estimate calculations
ismdxlesscmplexwithasmglemdelpmce@nethanwithamltdple
model procedure. Procedure I also tends to be more unbiased, and less
severe when biased. This allows for same variation in the distribution
of elk groups within conifer cover classes, without suffering a large



59
decrease in accuracy. The anly real drawback to procedure I is the wide
range of predictions it can produce. This characteristic, though

important, is secondary to the overall bias and consistency
characteristics. Procedure I, overall, performs the best under

similated elk census information analysis.

Population and Varjance Estimates

Helicopter survey flights for the estimation of Michigan elk herd
population parameters was hindered only by available time and funds. It
would have been advantagecus, however, to have 5 or 6 days, instead of
4, available for censusing, particularly for variance estimation.
Although sampling units were randamly chosen for censusing, proper
sequencing and routing allowed air crews to survey between 4 and 6 units
during each 3 hour flight session. L:I.mitatimsinposedbyheliccpter
fuel capacity, cbserver fatigue, ard optimal acbserving conditions,
restricted the mmber of units that could realistically be sampled to a
maximm of 6. Factors that could have acted to reduce the mummber of
units sampled, such as sampling very large units, airsickness, and
widely spaced units, were rarely encountered. As such, air crews were
able to campletely survey 38 sampling units in 4 days.

Many factors contributed to the ability of air crews to census a
nearly maximm mmber of units. The 2 most important of which were unit
banﬂarydelhmtimaxﬂobsewerexperim .Sanpl:l.ng unit boundaries
were, in most cases, constructed using permanent natural and man-made
landmarks easily detected from the air in winter conditions. The survey
of units during the winter of 1988 allowed air crews to determine the
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appropriateness of proposed bourdaries before an actual census was
carried out. Sampling unit bourndaries that proved to be unusable were
redefined using more identifiable land features. Retaining cryptic,
arbitrary, or temporary boundary lines would undoubtedly have reduced
the mmber of units surveyed per session. Flights were always made
using a primary cbserver who had intimate knowledge of the study area
ard who had previous flight experience. In this way, little or no time
was lost during censusing due to cbserver disorientation, non-
recognition of bourdary lines, or airsickness.

Several other factors contributed to the large mmber of sampling
units that were successfully swrveyed. Included among these were:
enthusiasm and experience of pilots, adherence to standard flight
patterns, adequate pre-flight preparation, and short refueling and rest
periods. A conscious effort was made on this project to crganize
thoraughly so that survey flights could be done as smoothly and as
quickly as possible. Even so, the amount of data collected in 4 days of
flying was inadequate to produce a population estimate with a smaller
confidence interval. The timing of census flights also probably
increased the variance estimate. Better allocation of sampling effort,
however, should reduce future confidence intervals, even if surveys are
made on only 4 days.

The Wyoming Game and Fish Department (1982:56) recommended that
aerial surveys be carried out between 1 December and 15 March, while elk
are concentrated on winter ranges. The aerial censusing of elk in
Michigan, however, should be made as soon as snow conditions permit. It

is dquring this period that Michigan elk form large groups, but usually
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make little use of dense conifer stands due to shallow snow and above-
zero (°F) temperatures (Moran 1973). Elk herd population estimate
surveys in this study were carried out in late February and early March,
more than a month after the optimal censusing period. Since no
reliable, independent estimate of elk herd size is available, however,
it is impossible to judge how survey timing may have affected the
accuracy of the population estimate produced in this study. Further,
the estimation of elk population size was a secondary goal to the
estimation of variance for subsequent sampling effort allocation, and
should be viewed as such.

A major problem in survey methodology, correction factor
determination, and population/variance estimation occurs when no elk are
seen in a stratum, or conifer cover class within that stratum.
Theoretically, the absence of sightings should act to depress the
overall population estimate. This, however, is not the case. As an
example, population estimate flights over the Michigan elk range located
no elk in cover class 4. If a single elk group of 4 individuals would
havebeensightedincmifercaverclass4ofamdimdemitytmit,an
additional 24.68 animals would have been included in the population
estimate, pushing it to 1,293. Overestimation, as a result, are most
likely if there is a significant shift in the sightability of elk from
the air. To guard against this, future elk censuses should be carried
mtwiminﬂmestrictweather,tjmeofyear,apdflightpattam.
parameters recammended from this study.
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Steinhorst and Samuel (1989) used a modified Horvitz-Thampson
estimtortoamlyzemosedatacollectedandpresentedl;yJacobam
(1976) . An analysis of the variance camponents revealed that survey
sampling error was the source of most variation (73%), followed by
response or sightability error (21%), and model error (6%). An analysis
of the variance camponents for this study revealed that survey error,
due to sampling effort allocation, was also the major comtributor (55%),
followed by sightability error (43%) and model error (3%). This
analysis indicated that the survey procedure and unit allocation used
may have to be refined, but that the regression prediction model itself
is sound. Steinhorst and Samuel (1989) cautioned other researchers that
variance ard it's camponents can vary widely due to differences in
survey design, visibility bias, and mmber of surveys or trials. These
3 factors may have caused the cbserved differences in percentage of
variance attributable to each camponent between the study by Jaccbson
(1976) and this ane.

The variance associated with the estimation of the Michigan elk
population is fairly large. This is clearly indicated by the relatively
wide confidence intervals produced. Since it is difficult to directly
campare variance estimates from different aerial censusing results,
coefficients of variation (CV) will be campared. The CV cbtained in
this study, 18.6%,agreeswallwiththatrepcrtedbysteimﬁstard
Sam:el(lQBQ)—lS%,aniislowerthanthose;'eportedbyO:okani
Jaccbson (1979) — 21.4%, and Beasom et al. (1986) — 29%. Siniff and

Skoog (1964), developed stratified aerial sampling with optimal
allocation and reported a CV of 11.1%.
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When dealing with field studies, it is not uncammon to encounter
large variances. As such, coefficients of variation lower than 15% may
be very difficult to achieve. While a 95% confidence interval of + 100
animals may be highly desirable for the Michigan elk herd, the
associated CV shows that this is an unrealistic goal (Table 11).
Although adjustments in sampling effort allocation, and increases in
total survey time may reduce the variance enouch to produce a CV of
12.4%, the resultant 95% CI associated with this CV (+ 300) is still
fairly wide. Even so, a CV below 13% and a confidence interval below +
300 is probably not realistic, unless 80% or more of the elk range can
be sampled.

Although the variance associated with the elk population estimates
is rather large, it is not prohibitively so. Same adjustments to the
allocation of sampling effort, however, could reduce the variance to a
more reasonable level. Since the variance camponents associated with
the low density stratum accounted for nearly 84% of the total variance,
it is apparent that not enough low density units were sampled.
Contrarily, probably too many high density units than necessary were
sampled, while the mmber of medium density units sampled was probably
about right. During future aerial censuses, the allocation of sampling
effort within each density stratum will depend on the mumber of survey
days available. If only 4 flying days are to be used, no more than 40
units could realistically be sampled. Within this limitation, 19 low
density units should be surveyed, with the remainder alloted to the
medium and high density stratum. A minimm of 50 total units may have
to be censused in order to significantly reduce the final variance
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Table 11. Thecretic coefficients of variability, when N = 1,236 and
df = 60, for 95% and 90% CI's based on data fram Michigan elk

population/variance helicopter surveys, 1989.

95% CI v 90% CI cv

N + 100 0.041 N + 100 0.049
N + 150 0.062 N + 150 0.074
N + 200 0.083 N + 200 0.099
N + 250 0.103 N + 250 0.123
N + 300 0.124 N + 300 0.148
N + 350 0.144 N + 350 0.173
N + 400 0.165 N + 400 0.197
N + 450 0.186 N + 450 0.222

N + 500 0.206 N + 500 0.247




65
estimate, but may not be possible. Refinements in the allocation of
sampling effort throughout density strata, however, may reduce the
mmber of units needed to produce a smaller variance, removing the need
to survey 50 or more units. Recommended sampling allotment for a
variety of available flight days are presented in Table 12.

The total effect of increasing the mmber of low density units
included in aerial surveys is not restricted to a reduction in variance,
CV, and confidence intervals. Estimations of total elk mmbers can be
easily affected by censusing more low density units. This is so because
of the high probability of flying units that contain few, if any, elk.
In addition, the sampling of 2 or 3 more low density units could provide
more precise information on elk distributions and densities throughout
the stratum.

Census Costs

One of the cbjectives of this study was to develop a censusing
method that would eliminate the need for grourd counters, thus reducing
the total expenditure needed to carry out an elk herd census. The
stratified random aerial census developed and tested in this study, does
just that. The Michigan Department of Natural Resources can save
thousands of dollars each year by using this method instead of the total
count method now being employed. In addition to reduced expenditures
from the elimination of ground counters, monetary savings will be made
on vehicle depreciation, snowmobile remtal, and fuel costs. Campared
to a 3 day camplete air and ground count, a 4 day stratified random
census could save the MINR $11,946 every year.
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Table 12. Recammended mumber of units to be surveyed in each elk
density strata, when the total mumber of units to be surveyed
is known, for the aerial censusing of elk in Michigan.

Total Units Hg LSEREm L ve Required
20 4 6 10 2
25 5 8 12 2=3
30 7 8 15 3
35 8 10 17 3-4
40 9 12 19 4
45 10 13 22 4-5
50 11 15 24 5
55 11 17 27 5-6
60 12 18 30 6
65 13 20 32 6-7
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‘Ihemajorlimitatiantoanallaerialcexmsaiaﬂnstrict
standardized weather conditions and flight patterms necessary for a
successful survey, and the extra investment of flight time and costs. A
5 or 6 day stratified aerial census may represent an extra investment of
2 or 3 days of helicopter costs and weather considerations, but
represents the saving of 3 days of ground crew and land vehicle use.
The stratified random aerial census used in this study is, without a
doubt, a much more efficient technique. Further refinements in
sightability factor evaluation, sampling effort allocations, and
variance estimations can increase the effectiveness of the technique. I
believe that this methodology represents an efficient and effective step
forward in the statistical estimation of Michigan elk herd population

. parameters.



CONCIUSION AND CENSUS RECCMMENDATIONS

1. Helicopter and ground crew availability resulted in helicopter
survey flights when temperatures dropped below -23°C (-10°F) and snow
depths exceeded 60 cm. These carditions did not follow recammended
weather guidelines. Future aerial elk surveys should be carried out
under these conditions:

A. As soon as sufficient snow cover permits. Because large elk
groups begin to break up, temperatures may drop below -12°C, and snow
depths may beccme excessive, surveys should not be carried cut later
thénthesecmdweekin.hmary.

B. As soon after a fresh snowfall as possible, as long as snow
depths do not exceed 60 cm (at which point elk foraging and movement may
be impaired).

C. Under clear skies, no earlier than 9:00, and no later than
16:00. If ground temperatures drop below -12°C (10°F), large mumbers of
elk may move into dense swamp conifer stands for thermal cover.
Conducting a survey under these conditions should be avoided.

D. Flight sessions should not exceed 3 hours as cbserver
fatigue may result in an unusually high mmber of animals missed.

E. Helicopter surveys should be made at an altitude of 46-61 m
above ground level and at an air speed of 97-113 km/hr. Searches over
sampling units should be as parallel transects, at 1/4 km intervals.

68
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2. ILogistic regression analysis indicated that anly conifer cover
class (percent conifer cover) significantly affected elk sightability
from the air. The accuracy of 7 regression models and the performance
of 4 elk prediction procedures under simulation indicated that a single-
mdelpredictimptocedureinchﬁd:gmlycmifercwerclass (as a
significant independent variable) most consistently accounted for
animals missed during censusing. Subsequently, the proper sightability
model is:

u = 3.698 - 1.333 (Conifer Cover Class).

The specific correction factors, then, are:

Cover Class 1: (1.094) (Elk Seen)

Cover Class 2: (1.355) (Elk Seen)

Cover Class 3: (2.353) (Elk Seen)

Cover Class 4: (6.135) (E1k Seen)
These values should be used in future elk counts to correct for animals
missed in a specific conifer cover class unless additional information
on elk sightability is developed to further refine these factors.

3. The Michigan elk herd was estimated at 1,236 animals. It is
impossible to evaluate the accuracy of this estimate since no reliable
independent estimate exists. The variance estimate of 53,023 produces a
95% CI of + 451 animals. The 18.6% CV is a little high, but not umusual
for field studies. Allocation of sampling effort to include more low
density units, and conducting aerial surveys early in the year, should
increase population and variance estimate accuracy and reliability.
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4. Survey error accounted for most of the estimated variance,
indicating that sampling effort was not optimally allocated. Model
error accounted for anly 2.7% of the total variance, indicating that the
recamended model is a good ane. Variance camponents in the low density
stratum were higher than in either the medium or high strata, indicating
that not enough low density units were surveyed during population and
variance estimation.

In future elk counts, a considerably larger proportion of low
density units should be sampled. Ideally a total of 50-60 units should
be surveyed, with 24-30 of these being low density units.

5. Stratified random aerial surveys are less expensive to conduct
than are total air and ground counts. Elimination of ground crew can
save the Michigan INR from $7,000 to $12,576 each year.

6. Future elk counts should be carried out solely fram the air,
using the following procedure.

A. Select the total mmber of units that can be surveyed based
on the mumber of days available for censusing.

B. Allocation of sampling effort should be determined from
Table 11, based on the total mmber of units to be surveyed.

C. Specific units to be surveyed should be randomly selected
and then sampled in an order and direction that maximizes the mmber of
units surveyed during each flight session.

D. For each elk group seen, the following data should be
recorded: the density unit the group was seen in, total size of the
group, and the conifer class occupied by the group.
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E. After all units have been surveyed, the total mmber of elk
seen in each conifer class within each density stratum should be
corrected using the appropriate correction factor. Estimates of
population size can then be made based on the total area swrveyed, as in
Table 8.

F. Variance should be estimated using the modified Horvitz-
Thompson estimator presented by Steinhorst and Samuel (1989).
Confidence intervals, at the 90 or 95% level, can then be develcoped and
placed around the population estimate.
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Table Al. Areas of sampling units constructed in 3 density strata for
the aerial censusing of elk in Michigan.

Unit Area (km?) Unit Area (km?) Unit Area (km?)
H 9.93 M 12.03 11 10.37
H2 9.26 M2 12.40 2 13.01
3 10.01 ox) 8.40 13 8.23
H4 12.48 M4 7.87 14 9.93
H5 8.90 M5 6.97 15 13.96
H6 17.23 M6 9.61 L6 15.39
H7 9.93 M7 9.31 L7 15.83
HB 9.08 M8 6.57 18 14.44
HO 11.90 MO 13.06 19 4.65
H10 13.73 M10 6.34 110 15.17
H11 8.63 M1l 10.24 AR 8.28
H12 9.03 M2 7.57 L12 13.81
H13 10.42 M3 9.53 113 15.57
H4 10.92 M4 9.39 L14 12.56
H15 9.98 M5 9.53 115 10.56
H6 7.74 M6 8.18 L16 14.04
H17 11.62 M7 7.25 117 10.29
Mi8 16.45 15.02
M19 17.81 11.27
M20 10.56 10.24
M21 8.05 17.00
M22 10.92 14.01
M23 12.48 11.45
M24 13.73 12.12
M25 13.60 10.87
M26 8.15 10.34
M27 12.43 11.98
M28 9.21 11.09
M29 8.45 11.04
M30 7.42 10.42
M31 15.52 11.14
M32 9.39

FuHthUI =N

AT S
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Table A2. Summarization of data collected for sightability modelling of
elk in Michigan, 1988-1989. GS = Group Size, CC = Conifer
Cover Class, CA = Conifer Age, SA = Stand Age, AB = Animal
Behavior, S/NS = Seen or Not Seen.

Date Unit GS cc CA S A AB S/NS
1/7/88 H10 9 1 1 3 - NS
1/7/88 H5 3 4 3 3 - NS
1/8/88 H6 5 4 3 3 - NS
1/8/88 H6 7 4 3 3 - NS

1/14/88 H11 6 3 3 3 - NS

1/14/88 H 7 1 1 2 s s

1/14/88 M3 7 1 1 2 M s

1/14/88 H11 7 2 1 1 B s

1/14/88 H17 24 1 1 1 M s

1/14/88 H17 2 1 1 3 ) s

1/14/88 H5 4 2 3 3 M s

1/15/88 H14 7 1 1 3 B s

1/15/88 H11 8 3 3 3 s s

1/25/88 M12 5 4 3 3 - NS

1/25/88 H6 3 4 3 3 - NS

1/25/88 : ) 4 2 3 3 M s

1/25/88 H15 8 1 1 3 B s

1/26/88 H17 5 4 3 3 - NS

1/26/88 H11 12 2 1 3 s s

1/26/88 H11 7 1 1 2 M s

1/26/88 H7 8 1 1 1 s s

1/26/88 H15 10 2 2 3 B s

1/26/88 H15 5 1 1 3 M S

1/27/88 M2 1 1 1 3 ) s

1/27/88 H8 3 1 1 3 s s

1/27/88 H7 6 1 3 3 M s

1/27/88 H10 5 1 1 3 B s
2/8/88 H6 31 2 3 3 s s
2/8/88 H2 4 4 3 3 - NS
2/8/88 H6 5 4 3 3 - NS
2/8/88 H2 12 4 3 3 - NS
2/8/88 H2 16 1 1 1 - NS
2/8/88 H10 14 1 2 2 s s
2/8/88 H15 18 1 1 1 B s
2/8/88 H1 2 3 2 2 M s
2/8/88 mn7 19 1 1 3 s s
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Table A3. Summary of data collected for Michigan elk herd population/
variance estimation, 1989. GS = Group Size, CC = Conifer
Cover Class, CA = Conifer Age, SA = Stand Age, and B/C/C =
Bull/Cow/Calf ratio.
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Table A3 (Cont'd)

Unit GS ccC CA SA B/C/C
M26 4 1 1 3 0/2/2
M26 2 2 1 2 2/0/0
M29 9 2 2 3 2/6/1
Ll 0 — — — —
L8 4 2 1 3 4/0/0
18 0] —— — — —
L11 6 2 3 3 6/0/0
L11 9 2 3 3 N/A
L11 15 3 3 3 N/A
Ll5 0 m—— anenen -enen B
120 4 1 —_— 3 4/0/0
120 4 1 —_— 3 4/0/0
120 2 1 —_— 3 0/2/0
L30 8 1 —_— 3 4/4/0
137 1 1 — 3 1/0/0
141 0 — — — —
142 21 1 —_— 2 3/11/7
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Table A4. Corrected group size counts for the aerial censusing of elk
in Michigan. Corrected counts are based on the mmber of elk
seen ard the conifer cover class occupied at sighting.

Elk Cbserved 1l 2 3 4

1l 1.094 1.355 2.353 6.135
2 2.188 2.71 4.706 12.27
3 3.282 4.065 7.059 18.405
4 4.376 5.42 9.412 24.54
5 5.47 6.775 11.765 30.675
6 6.564 8.13 14.118 36.81
7 7.658 9.485 16.471 42.945
8 8.752 10.84 18.824 49.08
9 9.846 12.195 21.177 55.215
10 10.94 13.55 23.53 61.35
11 12.034 14.905 25.883 67.485
12 13.128 16.26 28.236 73.62
13 14.222 17.615 30.589 79.755
14 15.316 18.97 32.942 85.89
15 16.41 20.325 35.295 ~ 92.025
16 17.504 21.68 37.648 98.16
17 18.598 23.035 40.001 104.295
18 19.692 24.39 42.354 110.43
19 20.786 25.745 44.707 116.565
20 21.88 27.1 47.06 122.7
21 22.974 28.455 49.413 128.835
22 24.068 29.81 51.766 134.97
23 25.162 31.165 54.119 141.105
24 26.256 32.52 56.472 147.24
25 27.35 33.875 58.825 153.375
26 28.444 35.23 61.178 159.51
27 29.538 36.585 63.531 165.645
28 30.632 37.94 65.884 171.78
29 31.726 39.295 68.237 177.915
30 32.82 40.65 70.59 184.05
31 33.914 42.005 72.943 190.185
32 35.008 43.36 75.296 196.32
33 36.102 44.715 77.649 202.455
34 37.196 46.07 80.002 208.59
35 38.29 .47.425 . 82.355 214.725
36 39.384 48.78 84.708 220.86
37 40.478 50.135 87.061 226.995
38 41.572 51.49 89.414 233.13
39 42.666 52.845 91.767 239.265

40 43.76 54.2 94.12 245.4




Table A4 (Cont'd)
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Elk Cbserved

41 44.854 55.555 96.473 251.535
42 45.948 56.91 98.826 257.67
43 47.042 58.265 101.179 263.805
44 48.136 59.62 103.532 269.94
45 49.23 60.975 105.885 276.075
46 50.324 62.33 108.238 282.21
47 51.418 63.685 110.591 288.345
48 52.512 65.04 112.944 294.48
49 53.606 66.395 115.297 300.615
50 54.7 67.75 117.65 306.75
51 55.794 69.105 120.003 312.885
52 56.888 70.46 122.356 319.02
53 57.982 71.815 124.709 325.155
54 59.076 73.17 127.062 331.29
55 60.17 74.525 129.415 337.425
56 61.264 75.88 131.768 343.56
57 62.358 77.235 134.121 349.695
58 63.452 78.59 136.474 355.83
59 64.546 79.945 138.827 361.965
60 65.64 8l1l.3 141.18 368.1
6l 66.734 82.655 143.533 374.235
62 67.828 84.01 145.886 380.37
63 68.922 85.365 148.239 386.505
64 70.016 86.72 150.592 392.64
65 71.11 88.075 152.945 398.775
66 72.204 89.43 155.298 404.91
67 73.298 90.785 157.651 411.045
68 74.392 92.14 160.004 417.18
69 75.486 93.495 162.357 423.315
70 76.58 94.85 164.71 429.45
71 77.674 96.205 167.063 435.585
72 78.768 97.56 169.416 441.72
73 79.862 98.915 171.769 447.855
74 80.956 100.27 174.122 453.99
75 82.05 101.625 176.475 460.125
76 83.144 102.98 178.828 466.26
77 84.238 104.335 181.181 472.395
78 85.332 105.69 183.534 478.53
79 86.426 107.045 185.887 484.665
80 87.52 108.4 188.24 490.8
8l 88.614 109.755 190.593 496.935
82 89.708 111.11 192.946 503.07
83 90.802 112.465 195.299 509.205
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Table A4 (Cont'd)

Elk Observed 1 2 3 4

84 91.896 113.82 197.652 515.34

85 92.99 115.175 200.005 521.475
86 94.084 116.53 202.358 527.61

87 95.178 117.885 204.711 533.745
88 96.272 119.24 207.064 539.88

89 97.366 120.595 209.417 546.015
90 98.46 121.95 211.77 522.15

91 99.554 123.305 214.123 558.285
92 100.648 124.66 216.476 564.42

93 101.742 126.015 218.829 570.555
94 102.836 127.37 221.182 576.69

95 103.93 128.725 223.535 582.825
96 105.024 130.08 225.888 588.96

97 106.118 131.435 228.241 595.095
98 107.212 132.79 230.594 601.23

99 108.306 134.145 232.947 607.365

100 109.4 135.5 235.3 613.5
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Calculation 1. Summary of mathematical probability calculations used
to predict elk mmbers in conifer class 4 for logistic

regression sightability model #5.

Step 1: Sum the mmber of elk groups actually seen in conifer
cover classes 1, 2, ard 3.

Step 2: Divide the total groups seen in classes 1, 2, and 3 by
0.8. This is the estimated total mmber of groups that are present in
conifer cover classes 1, 2, and 3. Collected data indicates that 80% of
all groups in classes 1-3 will be seen fram the air.

Step 3: Multiply the total in step 2 by 0.2. This is the
estimated mmber of groups present in conifer cover class 4. Since 80%
of all groups will be in classes 1-3, 20% will be in class 4.

Step 4: Multiply the mmber of groups in class 4 (from step 3) by
5. This is the muber of elk estimated to be in conifer cover class 4.
Elk groups size data indicates that the average size for elk groups in
class 4 is 5.

Applying actual data cbtained from sightability model development, the
estimated mmber of elk in class 4 is 62.5.

Step 1: Groups seen: class 1 = 32, class 2 = 13, class 3 = 5,
Total groups seen = 50.

Step 2: 50/0.8 = 62.5 (total groups in all classes)

Step 3: 62.5 * 0.2 = 12.5 (elk groups in class 4)

Step 4: 12.5 * 5 = 62.5 (total elk in conifer cover class 4)
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