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I ntroduction

During the winters of 2003-04, 2004-05, and 2005&#ial line transect surveys were
conducted to estimate mooggdes alces) abundance on Alaska Peninsula/Becharof
National Wildlife Refuge (APBNWR) and surroundirants. This report describes the
methods and results of these surveys. In additio eport contains a comparison of
moose abundance in the winter of 2004-05 versug-833within a small portion of the

study area.

M ethods

Field Surveys

Prior to the 2003-04 survey, a spatially distribusample of transect lines was developed
by the APBNWR. The study area, which contain®athe Alaska Peninsula/ Becharof
National Wildlife Refuge minus large lakes and legklevations, as well as adjacent
federal, state and private lands, was divided twtnstrata based on the perceived quality
of winter moose habitat and thus relative moosesities; “medium/high” and “low”.

Grids of evenly spaced transect lines were randgialged in each stratum with transects
running parallel to the major habitat/landscapelignt (gradient running NW- SE),

with a few exceptions (Figure 1). Transects wgacsd 3.2 km (2 miles) apart in the
medium/high stratum and 12.8 km (8 miles) apath&low stratum. Transect spacing
was chosen to optimize the safety, efficiency, emst-effectiveness of the survey while
providing reliable, unbiased estimates of moosendance. The goal for this study was
to obtain a reliable estimate of moose abundante 6% confidence interval half-width

of +25% or less of the estimate.

The total areas surveyed in the three winters usidguble-observer modification to
standard line transect methodology covered 7457(Kigure 2). In the 2003-04 winter,
surveys were conducted on December 16-17, Janda29,122, 29, and February 2. The
2003-04 survey covered a 3215%mgion between Katmai National Park and Lower
Ugashik Lake (Figure 3) (Nielson et al. 2004a). pAgximately 1,114 km of transects



was flown during the 2003-04 surveys, of which 8&r8were medium/high transects
(84) and 196 km were low transects (12). Earlyglonng the 2003-04 survey it was
decided that only medium/high stratum transectslevba flown during remaining

surveys due to budget and logistical constraints.

Late in the 2004-05 winter, surveys were conduiteal2135 km region between Lower
Ugashik Lake and Aniakchak Craigtigure 4) (Nielson and Bourassa-Stahl 2005).

These surveys were not flown until late March (Ma26, 27, 29, 30 and April 3) due to
poor snow cover across much of the peninsula. t#l td 700km of transects (48) were

flown in the medium/high density stratum in 2004-05

In 2005-06 winter, surveys were conducted in a Xr7region between Aniakchak
Craterand Mount Veniaminof (Figure 5). A total of 529 lahtransects (48) were flown

in the medium/high density stratum on February @ ldiarch 2-4.

Bell 206 helicopters with bubble or wedge windoweravused to survey all transects.
The pilot attempted to maintain an altitude of apmnately 122 m (400 ft) above ground
level (AGL) during the surveys. This above grotmedght has been found to provide
good visibility of moose close to the transect limenost habitat while not disturbing
moose ahead of the aircraft (Nielson et al. 20@d)speed was approximately 48-64
kmph (30-40 mph) over rougher terrain with someetative cover and 129-161 kmph
(80-100 mph) over more open, flat terrain. The im@dhigh stratum was a mosaic of
open country and shrub lands, especially alongreateses.Scattered spruce trees and
occasional stands of poplar were present in sosesarHills, ridges, and steep valleys
were common on many transects, as the southernoétidmsect lines tended to be near

the base of the Aleutian Range.

During the surveys two observers sat in the reatssaf the helicopter, one on each side.
These observers were responsible for sighting mguasgs, counting the number of
moose in each group detected, and measuring tpenmticular distance from the

transect line to each moose group detected. A triewmember sat in the front left seat



of the helicopter on all surveys. This third olveeracted as a double-observer (Manly et
al. 1996, Nielson et al. 2006) on one side of ihaaft to test the assumption that
detection on or near transect line was 100%. dbisle-observer modification to
standard line transect methodology was used begqaautect detection of individuals on
the transect line is a primary assumption of Ina@s$ect sampling and analysis
procedures, although in many cases detection afasion or near the line is not certain
and usually less than 100% (Manly et al. 1996, Barak et al. 2001, Borchers et al.
2002). In addition to acting as a double-obserer front seat observer was responsible
for recording moose group locations into the corapuncluding the flight path and GPS

locations of moose groups, and directing the pddtansect waypoints.

When flying a transect line during the surveys,rdmrder concentrated on detecting
moose at the inside edge of the survey strip, ahall observations less than 600 m
from the transect line were recorded. Double-calata collection procedures on the
double-observer side of the aircraft allow for mstiion of detection rates on or near the
transect line by the rear seat observer, whiclheme used in the analysis to correct for
individuals missed during the surveys. The dowadent sampling method required that
the observers on the left-hand side of the airapdrated independently of each other,
and that observers correctly recorded moose detbgtéoth observers and moose
detected by the front seat observer and not thresesd observer. Rear seat observers
rotated sides of the aircraft daily to ensure Hilatear seat observers were represented in

the estimates of detection rates.

Perpendicular distances (meters) of observed ngraggs from the transect line were
measured by the rear seat observers using Impuldas¥ér range finders (Laser
Technology, Inc., 7070 S. Tucson Way, Englewood, 8@12-3921). Observers aimed
the laser range finders at the ground in the cerfteach moose group to prevent
overshooting their target and thus overestimatistpdces. In similar surveys where
laser range finders were not available (Nielsoal.e2006), distance bands marked on
helicopter windows have been used to determinarmiist groupings for detected animals

groups because it can be difficult to visually mstie perpendicular distances. The laser



range finders used in the APBNWR surveys contamelt-in clinometers, which

allowed for accurate measurement of horizontabdists of moose groups perpendicular
to the transect line, regardless of the AGL oraumding landscape. As a precaution,
distance bands were marked on the windows of theopeer (Figure 6, Table 1) for the

all surveys and served as a backup if the lasgeréinders failed.

In addition to recording moose group size, numbb@atves, and perpendicular distance
from the transect line, the rear seat observennatd percent cover within a 50 m
radius of each observed moose group. Percent eagerecorded because it could be
used as an analysis covariate and in future hatstattion analyses based on the survey

data.

Statistical Analysis

Habitat types, field data collection protocol, afxservers were fairly constant during the
surveys, so we combined moose observations frosualeys to estimate detection
probabilities. Visual inspection of histogramsobkerved perpendicular distances from
2003-04 and 2004-05 winter surveys indicated detegirobabilities out to a distance of
357 m were similar across these two years (Figurel'ie histogram of observed
perpendicular distances for the 2005-06 surveyseasewhat unusual, but the small
sample size (n = 26), precluded fitting a sepadatection function and so all data were
combined for estimating detection probabilitiesfteA estimating detection probabilities
based on the pooled data, we then estimated avgragp sizes and moose densities for
each area surveyed separately (i.e., 2003-04, 260dnd 2005-06 areas).

Survey protocol required that the helicopter flevt22 m AGL on all transects. This
resulted in a swath of approximately 45 m underaiheraft on either side that could not
be viewed, so the minimum available sighting distah\, , was set to 45 m for the
analysis. This distance was measured using lasgerfnders and was consistent with
calculations based on clinometer readings usedemsore the maximum downward

sighting angle from the horizon from the rear seat.



After defining the effective search strip widthtb& surveys to b&/, -W,= 312 m (i.e.,
357- 45= 317), we used the following estimator for moose dgnsithin each area
surveyed:

nE(s)
G(W,)PA’

wheren was the number of moose groups detedis),was the expected moose group

D= (1)

size,A was the total area searchéd=total length of transects x2]W, -W,] ), §(W,) was
the estimated probability of detectionVelf by the rear seat observers based on the

double-count trials, an® was the estimated average probability of deteatfanoose
groups within the search area, given detectioi,at This modification to the density
formula for standard line transect analysis (Buctlat al. 2001) has been used in
previous analyses of line transect data (McDontll. 1999, Good et al. 2007, Nielson
et al. 2004a and 2004b, Nielson and Bourassa-3041, Nielson et al. 2006) to correct

for individuals missed on/near the transect line.

Standard line transect analysis assumes 100% mbet@dtgroups at or near the minimum
available sighting distanc®y,, or §(W,) =1.00 in equation (1) (Buckland et al. 2001,
Borchers et al. 2002). We estimated visibilityshiar probability of detection at the
minimum available sighting distance using logistigression and all observations within
357 m of the aircraft by the front left observertba double-observer side of the aircraft.
The logistic regression function estimated the phility of detection by the rear left
observer given the moose group was first detecydtddfront seat observer.

We fit two logistic regression models (McCullaghdaselder 1989) for the probability of
detection awV, = 45m for the rear seat observer using SAS Proc Ger(®A8 Institute
2000). Given minimum and maximum available sigitistances oWV, andW,
respectively, we assumed that the probability détection by a rear seat observer of a
moose group of sizeat a perpendicular distangdrom the transect line could be

approximated by one of the following two logistimttions:
a(x, 5) = exp(5, + Bx+ 5,5) {1+ exp(B,+ fx+ B5)}, 2)



or
9() = exp(5, + fix) {1+ exp(B, + Bx)}, 3)
where £, 5,,and 3, are unknown coefficients, al, < x<W,. We fit both logistic

regression models to the double-count data andecthesmodel with the lowest value of
the second-order variant of Akaike’s Informationté€ion (AICc) (Burnham and
Anderson 2002) as our final model. AICc for eaatded was calculated as

AlCc = -2In(Likelihood ) + 2kn /(n — k — 1), 4)
wherek was the number of parameters in the model (inctyditercept term)y was the
number of observations in the samplikelihood was the value of the logistic likelihood
evaluated at the maximum likelihood estimates, ‘Bmidvas the natural logarithm. This
model selection criterion is favored over AIC ahd Bayesian Information Criterion for
small samples (Burnham and Anderson 2002). Usiaedihal logistic regression model
for the rear seat observer, we estimated the priolyadf detection atw, = 45 m and

calculated a 95% confidence interval for this pcadn.

Standard line transect analysis (Buckland et @12@volves fitting a detection function
to the distance data, integrating this functionrdlie effective search widtW{to W,),

and then dividing by the search width to obtaireatimate of the average probability of
detection,P, given detection atV,is some known or estimated value less than or equal
to 100%. This estimate of the average detectiobadility is then used to inflate the

number of groups detected to account for the gronipsed within the survey strip

(equation [1]).

The program DISTANCE (Thomas et al. 2005) was usexbtimatd® based on all
observations of moose groups by the rear seat\wdrsewithin the effective search strip
width. The following three detection functions wéit to the survey data in

DISTANCE: uniform key function with cosine expansions; umnifiokey function with
simple polynomial expansions; and half-normal kayction with hermite polynomial
expansions. The number of expansion terms (0 o &ch model was determined by a

stepwise model building process that used modetcAiglues to determine the most



parsimonious model (Burnham and Anderson 2002)sd ieree semi-parametric
functions were chosen because they are considaficiently flexible, can yield model

robust estimation, and can satisfy the shape mmtetescribed by Buckland et al. (2001).

Model averaging based on the AICc weights (Burnlach Anderson 2002) for each of

the three detection functions was used for thd éstimate ofP. The AlCc weight for
modeli was calculated as

1
expt-_4,)
W = 2

ERE TR ®
> expt-4,)

where A, was the AlCc difference calculated using
A, = AlCc - AlCc,,, - (6)
An AICc weight is considered as the weight of enickein favor of modelbeing the

“best” model for the data given that the actualstbenodel is one of the models fit

(Burnham and Anderson 2002). The weighted modelage estimate oP was

A

3 ~
P=>) wP. (7)

i=1

Truncation (Buckland et al. 2001) was used to esténthe average, or expected, group
sizeE(s) , for each winter. Observations by any of thealobservers within 145 m of
the transect line were used to estimate the exgpgrtrip sizesH[s| in eqn.1). Using
moose groups seen within 145 m of the helicopt@stonate average group size limits
the effect of size bias (i.e., larger groups mayétectable at greater distances than

smaller groups) in the estimates.

We bootstrapped (Manly 1997) the survey data tiones¢ the variance and bias of
estimates of moose abundance. This process irvtdkeng 750 simple random samples
with replacement of transects flown in each stratand re-running the analysis to obtain

new estimates of moose densities and totals fdr sample. The bootstrap process

included estimation o§(W,) , and AICc stepwise model building using the three

10



detection functions fit in the program DISTANCEod) with the weighted model

average ofP. Bootstrap sample sizes for the number of trassgete the same as the
original number of transects flown across yearse $tandard deviation of the 750
bootstrap samples was used as the estimated slegrdar for moose densities and totals.
If the distribution of bootstrap densities and ketaere found to be approximately
normally distributed, then an approximate 90% aterfice interval of the form

Estimate+ 1.64Bootstrap Sandard Deviation) (8)
was calculated. If the bootstrap distribution ofegstimate was quite different from
normal, percentile based 90% confidence intervaisewalculated (Manly 1997). The
percentile method uses the value at thasd 95' percentiles of the bootstrap estimates
as the lower and upper confidence interval endppmespectively. Bias of a moose

density estimator was calculated as
Bias(D) = Mean(D,) - D, (9)

where M%n(ﬁB)was the mean of the bootstrap estimates from tBes@Bples.

Comparing Moose Abundance in 2005 to 1983

During February 9-12, 1983 a “Gasaway” type aesiagley (Appendix I: Sellers 1983,
Gasaway et al. 1986) was conducted to estimatmthlenumber of moose inside 1,314
square miles of land in the Bristol Bay drainagesnf Ugashik River/Lower Ugashik
Lake south to Cinder River (Figure 8). During Mag&7 to April 3, 2005 aerial line
transect, or “Distance” sampling (Buckland et &8l02), was used to estimate moose
abundance within the larger region containing t883LGasaway survey area (Figure 8).
To assist in the management of the moose populatitre region, we compared
estimates of moose abundance in 1983 to 2005 éocdmmon area surveyed. However,
we must caution that we are not aware that anydbommparison has been made
between these two surveys and analysis methodshaadve cannot be sure that our

comparison produced an unbiased estimate of tferelifce in moose abundance.

Prior to analysis of moose abundances in 1983 808,2ve identified three potential

problems that could bias the comparison. Firstdwlenot have information about the
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location or extent of the 1983 survey units insbathern most portion of the Gasaway
area (Figure 9). Second, the 2004-05 survey deasaf flying transects that crossed
medium, high, and low-density strata in the 198%ey (assuming all remaining area
within the Gasaway survey boundary not classifetigh or medium density was
classified as low density) (Figures 8, 9, and Ithird, the low density areas surveyed in
2005 were adjacent to and surrounded by mediunh@iddensity areas and thus not
representative of the entire low density stratunvesyed in 1983. To work around these
issues and avoid any resulting bias, we limitedamparison to the 528.5 square mile
area (1368.9 k) consisting of the medium and high density stsataey units in 1983,
excluding those in the southern most portion ofGasaway area (Figure 9). We
identified the lengths of transect flown in 200&ttFell within this identified

“‘comparison area”, and which observations of mapseps from the 2005 survey fell

within the boundaries of this region.

Given the limited historical data from the 1983 &a&ay survey (Appendix 1), we used
the total number of moose observed in the mediuthhagh-density strata survey units to
obtain an estimated density and total number ofsaeadthin the comparison area. We
then applied the sightability correction factor (§©f 1.07 given in the description of
the 1983 Gasaway survey (Appendix I) to obtaimalfestimate of moose abundance.
As mentioned above, the size of the units surveyd®83 was not available for this
comparison, so we could not estimate a variancéhioestimate of moose abundance
using standard methods (Gasaway et al. 1986).90%&confidence interval half-width
of 16%, reported for the entire Gasaway area irB{#®pendix 1), was used to get a
confidence interval for moose abundance in the @iepn area in 1983. We believe the
size of this confidence interval is smaller thasoafidence interval based on standard
methods (i.e., if all historic data were availablecause stratification usually results in

higher precision for the survey area as a wholepaoed to individual survey strata.
Statistical analysis of 2004-05 survey data fos tomparison involved using the

estimated probabilities of detection based on pgatibserved distances in 2003-04,
2004-05, and 2005-06 to estimate probabilitiesatéction (described above), and

12



applying the estimated correction factors to thgreeips seen within the comparison area
in 2005. Because of the potential for moose giaes to be different within the
comparison area compared to the entire region gadvim 2004-05, we estimated
average moose group size using only those grougenedd within 45 to 357 m of
transect line within the comparison area. Boopgiiag (described above) was used to
estimate a variance for the estimated total nuraberoose in the comparison area in
2005.

Results
A total of 284 moose in 130 groups were sightedheysurvey crew (excluding pilot) on
transect during the surveys (Table 2). The nurobealves identified during the three
surveys was extremely low (total calves = 12). r€heere a total of 43 double-count
observations from all three surveys available itbinfy logistic regression models to
estimate the probability that a moose group wasatied by the rear seat observer, given
the front seat observer detected the group. Otth8sdouble-count trials, the rear left

observer missed only 6 of the moose groups detdxstdide front seat observer (Table 3).

The logistic regression model containing the vdealstance was selected based on the
AICc value (AICc = 33.69 compared to 35.97) (TableThe final logistic regression
model for the probability of detection of moose s by the rear seat observers (Figure
11) was

g(x) =exp(4.1952- 0.0122 )/&& exp(4.1952 0.022

Based on this model, the estimated probabilityetédtion for the rear seat observers at
the minimum available sighting distance w@&5)= 0.97<(95% CI: 0.835 to 0.996).

There were a total of 110 observations of moosaggdy the rear seat observers within

357 m from the transect line for estimatiﬁg The top 2 models for detection of moose
groups, relative to detection at the minimum avmdéasighting distance, had a combined

weight of 0.81 (Table 5, Figure 12). A uniform nebgvith one cosine expansion term

13



was the best model (AICc weight = 0.44), and tHémarmal model was second best

(AIC weight = 0.37). The weighted model averagéf’(was 5= 0.631(Table 5).

The estimated average group size in the mediumBtrgitum in the 2003-04 survey area
was 2.42 moosen<145m = 24, standard error = 0.342)loose density in the 2003-04
survey region (Figure 3) was estimated to be Or8@8se/km (Table 6). The
distributions of bootstrap estimates were approketganormal, so standard 90%
bootstrap confidence intervals were calculated®086 confidence interval for this
estimate was 0.233 to 0.413. No appreciable bassfaund for this density estimate
(bias < 0.01 moose/kin The estimated total number of moose in the 2B03urvey
area (medium/high stratum) was 1039 (90% confidameeval: 744 to 1334).

The estimated average group size in the 2004-0&g@area was 2.0h(<145m = 19,
standard error = 0.219). Moose density in the ar®904-05 winter (Figure 4) was
estimated to be 0.266 moosefkffiable 6) (90% confidence interval from 0.184 to
0.348). Again, no appreciable bias was foundHerdastimate of moose density (bias <
0.01 moose/kR). The estimated total number of moose in the AWB4urvey area was
570 (90% confidence interval from 395 to 745).

The estimated average group size in the 2005-0@&garea was 1.8(<145m = 10,
standard error = 0.54). Moose density in the areé®05-06 winter (Figure 5) was
estimated to be 0.227 moosefk(fable 6) (90% confidence interval from 0.122 to
0.332). Again, no appreciable bias was foundHerdstimate of moose density (bias <
0.01 moose/kR). The estimated total number of moose in the AB®Survey area was
479 (90% confidence interval from 259 to 699).

Standard errors and 90% confidence intervals agfjussing a finite population

correction factor (Cochran 1977, Buckland et aDD(are also available in Table 6.
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Comparison to 1983 Census Results

We estimated a total of 955 moose (1.807 moosenfief, or 0.698 moose per Kin
within the comparison area in 1983 (90% confidenterval using a half-width of 16%
was 803 to 1108 total moose), and a total of 55838¢1.077 moose per nfil®r 0.407
moose per ki3) within the area in 2005 (90% confidence intefivaim 362 to 753 total

moose).

Discussion
Weather, time and money often limit the amountw¥sy effort for a given year, and
several years are frequently needed to complatevayfor a large study area. It is often
desirable to combine survey data across such swe@asions to increase precision.
Pooling of data can be justified if survey crewglit and field data collection protocol,
and survey conditions are similar. Although surgegditions were similar between
2003-04, 2004-05, and 2005-06 winters, with theepkion of slightly less snow cover in
the 2004-05 survey, we carefully examined sevastbbrams of observed distances to
help determine if pooling was justified. Althouglgood portion of the histograms for all
observed distances in the three years appeare #likas obvious the effective search
strip width was larger in 2003-04, possibly du¢hte greater snow cover during that
winter. In addition, detection closer to the aaftseemed lower in 2005-06, but the
small sample size for this year didn’t allow fobust comparisons or a separate analysis.
Although the methods used for estimating moose @éce across the study area are
believed to be pooling robust (Buckland et al. 208fratum, or year, specific estimates
could contain a small bias due to heterogeneityckBund et al. 2001).

Most statistical analyses, including line transewlysis, mistakenly do not take variation
due to model selection into account. We beliea tigh model selection uncertainty for
the detection functions can be responsible forgelgortion of the bootstrap estimated
variances. Thus, ignoring model selection uncetyan the analysis can result in tighter
confidence intervals and can inappropriately unstereate variance. Bootstrapping did

include re-estimation ofj(45)based on the re-sampled data, but only model (3)fiva
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because models (2) and (3) had a difference in Adges > 2.0, and when plotted,

probabilities of detection predicted by model (&) dot look reasonable.

Previous analyses (Nielson et al. 2004(a) and biedsid Bourassa-Stahl 2005)

estimatedg(45)to >0.99, and so detection at the minimum availalgbting distance

was set to 100%. Inclusion of the 2005-06 doulligeover data into the analysis

lowered §(45)slightly to 0.974. Although we expect probabilifydetection of moose

groups at the minimum available sighting distamcbé very high in the regions surveyed
due to low and sparse canopy cover, good snow camdrobserver experience, 97.4%

detection at the minimum available sighting diseaeeems more reasonable than 100%.

The use of a finite population correction factoréduce estimated variances is limited to
situations in which you can consider the populatbanimals to be finite during the
course of the survey, individuals are not likelypocounted >1 time during the survey,

and no animals are entering or leaving the reginneyed.

Because it took three years to survey a largeqoudf the study area, the original goal of
a total estimate with a percent confidence intenedi-width < 25% was not attainable.

A total estimate for the number of moose in theameg surveyed during the three years
represented in this analysis is only appropriateefcan assume that during the three year
survey period no moose died, there was no recruitifog deaths were equal to
recruitment), and distributions remained statie. (ino major movements between the
three regions surveyed). If these assumptiongddoelimet, which is not likely, a realized
percent confidence interval half-width for total ose abundance across the areas
surveyed may satisfy the goal of a half-widtl25%. Unfortunately, higher precision in
regions similar in size to the areas surveyed BB3204, 2004-05, and 2005-06 may be
elusive for future surveys if the number of moobsasvations remains low and there

continues to be substantial variation between &etiss

Estimates were corrected for perception, or vigihibias (moose in the survey strip at
the time of flight that were potentially visible tioe observers but were not seen) but not

16



for availability bias at the minimum available digiy distance (moose that were close to
the minimum available sighting distance at the toh#ight but were totally concealed

by obstacles such as downed trees or heavy camwgy)cso final estimates should be
considered conservative. Under the double-counthaaeiogy, the estimate of the
probability of detection at the minimum availabighding distance by the rear seat
observer is based on the assumption that moos@gdmiected by the front left seat
observer are a random sample of moose availalile s@en. If this assumption is not
met, then estimates should be viewed with cautitmwever, given consistency in survey
methods and areas surveyed, even biased estinaaié® aised to accurately estimate

changes over time and detect trends with highssiedl power.

Although the 90% confidence intervals for the 1888 2005 estimates of moose
abundance within the comparison area do not ovendpcating that there is a
statistically significant difference at thie=0.1 level, we believe the 90% confidence
interval for the 1983 estimate is probably too $mklwe used the confidence interval
half-width for the 2005 estimate (35%) and applied the 1983 estimate, the
confidence intervals would overlap (1983 confidemmterval from 620 to 1289),
indicating there is not a statistically significatitference. This underscores the
uncertainty in our comparison due to the lack sfdrical data and thus our inability to
calculate a standard confidence interval baseth@Gasaway protocol (Gasaway et al.
1986), and the arbitrariness ofapriori significance level. Note that if the sizes offeac
Gasaway survey unit were known or could be esticdhdkes would allow us to calculate

a 90% confidence interval using standard methods.

The Gasaway technique (Gasaway et al. 1986) aredl plbt-based methods such as strip
counts have been used for estimating abundancea$erand other large mammals.
These methods may be more appropriate than linedch sampling for dense
populations in smaller study areas (Buckland e2@01). However, these methods are
known to be expensive and time consuming when dipellation is sparsely distributed
over a large area (Ward et al. 2000, Borchers. &0812). The key to obtaining unbiased

estimates of animal abundance using plot samptinglves the assumption that all
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animals within the plot or strip are detected,hatta sightability correction factor (SCF)
can be estimated without bias. Under the Gasawatpqol (Gasaway et al. 1986), a
sightability correction factor is estimated by imteszely sampling some areas just
previously sampled using the standard protocol, esnalg the ratio of counts from the
intensive effort over the standard effort as thé&SGSearch effort and observer skill in
plot-based surveys largely determines sightabiityif multiple observers are used on a
Gasaway type survey, each observer should be asslitnate one or several SCFs, as
there can be large differences in observer skdlexperience. However, it is not clear
how the reported SCF of 1.07 was obtained. This 8@y simply be an average seen
over several surveys in other regions. If this $Clbiased low, there could be a larger

difference in moose abundance between 1983 and\&id0ikH the comparison area.

There remains 1,977 Knof the medium/high density stratum yet to be syede(Figure
13). In the event this region is surveyed for negage recommend using the same
protocol and observers used in past surveys fasistamcy and to allow pooling of data
for estimating detection probabilities. If APBNWiRshes to monitor moose abundance
for trend, the same transects flown in 2003-04uhho2005-06 winters should be re-
flown following the same protocol to ensure adegqsististical power to detect trends

over time.
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Table 1. Angles corresponding to distance zones to
the nearest 1/2 degree, for above ground levditflig
of 400 feet.

Zone Distance Zone Midpoint Angle Ranges

0 0-45m 22.5 70.0-90.0
1 46 - 100 m 73 50.5-70.0
2 101 -165m 133 36.5-50.5
3 166 - 240 m 203 27.0-36.5
4 241 -320m 280.5 20.0-27.0
5 321-400m 360.5 17.0-20.0
6 >400m na <17.0

Table 2. Number of moose groups, total moose, and total
calves observed by at least 1 of the 3 observeile wh
surveying medium/high density transects in eadhef

winter surveys.

Total Total
Year # Groups Moose Calves
2003-04 61 135 5
2004-05 39 92 1
2005-06 30 57 6
Total 130 284 12

Table 3. Number of moose groups seen by the front
left observer (recorder) and that were seen bydae
left observer within 357 m of the transect lineng
with the percent of these detections by the rdar le

observer.
Distance
(m) RecorderRear Left % Rear Left
45-90 10 10 100%
91 - 150 14 13 93%
151 - 250 14 13 93%
251 - 357 5 1 20%

total 43 37 86%




Table4. AICc values of logistic regression models estinmtin
detection of moose groups on or near the transecbly the rear

seat observer.

Model -2log(L) k n AICc
distance 29.41 2 45 33.69
distance + group size 28.78 3 45 35.97
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Table5. AICc values for each detection function fit usihg program DISTANCE, along with AICc

weights and estimates &F.

# Expansion Terms

Key FunctionExpansion (AICc Stepwise Selectiom\ICc  AICc Weight P

Uniform Cosine 1 1245.14 0.440 0.622
Half-normal Hermite Polynomial 0 1245.48 0.371 0.644
Uniform Simple Polynomial 2 1246.83 0.189 0.625

weighted average0.631
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Table 6. Estimates, standard errors (SE), and 90% confidieneers/als

for moose density and the total number of moogeermedium/high stratum

for each area surveyed.

Estimate
2003-04 area2004-05 area?2005-06 area

Values without FPC

Moose density (#/kf) 0.323 0.266 0.227
SE(density) 0.055 0.050 0.064
90% CI Lower Limit (density) 0.233 0.184 0.122
90% CI Upper Limit (density) 0.413 0.348 0.332
% Relative Half-width 28% 31% 46%
Total Moose 1039 570 479
SE(total) 180 107 134
90% CI Lower Limit (total) 744 395 259
90% CI Upper Limit (total) 1334 745 699
% Relative Half-width 28% 31% 46%

Values with FPC

Moose density (#/kf) 0.323 0.266 0.227
SE(density) 0.050 0.045 0.059
90% CI Lower Limit (density) 0.241 0.193 0.131
90% CI Upper Limit (density) 0.405 0.339 0.323
% Relative Half-width 25% 27% 42%
Total Moose 1039 570 479
SE(total) 163 95 123
90% CI Lower Limit (total) 771 414 277
90% CI Upper Limit (total) 1307 726 681

% Relative Half-width 26% 27% 42%
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Figurel. Initial study area containing most Alaska Penin&daharof National
Wildlife Refuges and adjacent state owned land3uding strata boundaries and

proposed transects.
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Figure 2. Areas surveyed in 2003-04, 2004-05, and 2005-06ensn
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Figure 3. Transects flown in Medium/High density stratum 003-04.

27



—— 2004-05 Transects

Figure4. Transects flown in Medium/High density stratum 002-05.
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Figure5. Transects flown in Medium/High density stratun2B005-06.
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Figure 6. Distance bands marked on window for backup in tasdaser range finders failed, and for estimatiney

minimum available sighting distance.
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Figure 7. Histogram of perpendicular distances of observedsagroups from the

transect line within 357 m of the transect duriaghewinter.
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Figure 8. Boundary for 1983 Gasaway survey (red line), aeadssurveyed in 2005 that
were in the 1983 Gasaway Medium and high densityesuunits (green), low density
survey units (gray), and unknown (orange).
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Figure 10. Medium and high strata survey units from the 19834dvay survey.
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Figure 11. Probability of detection by the rear left seat atasg given detection by the
front left seat observer, based on double-obseradgs. Tick marks on top of the x-axis

represent observations. The estimated probabilidetection at 45 m §(45)= 0.97<,
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Figure 12. Detection functions fit using the program DISTANGISsuming probability
of detection at the minimum available sighting aite is known. Tick marks on top of

the x-axis represent observations.
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Figure 13. Line transects yet to be surveyed in the mediurn/bignsity stratum.

37



