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Abstract: Two problems in estimating abundance of Dall sheep from aerial
surveys in the Arcltic National Wildlife Refuge were considered:

1) allocating survey effort to attain a specified precision, and

2) estimating the bias in detection visibility of animals. Bootstrap
computer simulations (resampling with replacement) were used to appraise
variation of estimated sheep density from sample data for different
sampling schemes, Dall sheep survey data from prior aerial surveys in Lhe
Hulahula drainage and from a 1989 sample aerial survey of the Atigun-
Sagavanirktok (Atigun-5ag) drainage were the basis for simulations. The
bootstrap simulations indicated that the desired precision of 12Z.5% for
the coefficient of variation of the population estimate could be expected
by sampling about B-10 randomly selected drainages (of sizes comparable to
the Hulahula and Atigun-5ag study areas) and surveying approximately 50%
of each. Two airplanes were used to independently survey subunits of the
Atigun-5ag study area. We estimated the probability that a group of sheep
will be detected during a survey by using groups detected during the other
survey as test cases. The probability of detection was estimated by
logistic regression using size of group as an explanatory variable.
Procedures to adjust population estimates for visibility bias are
illustrated using data from the Atigun-5ag drainage.

The Arctic National H1Idl1fe Refuge (ANWR) ;n northeast Alaska was
expanded in 1980 from 36,000 km" to uhuut 76,900 km® (Fig. 1). The central
purpose for the refuge is to conserve a variety of arctic fish and
wildlife species, including Dall sheep (Ovis dalli dalli). About 34,000

(44%) of the Refuge is Dall sheep range, extending over a mountainous
area 360 km (225 mi) long, and up to 177 km (110 mi) wide. Although the
ANWR s 1 of Alaska’s finest Dall sheep habitats and supports a growing
portien of the state sheep harvest (16%), a complete inventory of Refuge
sheep populations has not been achieved.

Prior to 1988, the abundance of Dall sheep in the ANWR has been
measured using Fixed-wing aerial "censuses™ to obtain direct counts (Smith
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1979, Heimer 1983, Garrett 1987). Sheep on portions of the refuge were
countad in July and August when snow cover was minimal and visibility was
believed to be most favorable. Because of the extensive sheep range
within the Refuge and the brief optimal census period, 1imited portions of
the Refuge could be surveyed in a year under conventional funding levels.
In the 1970°s, 3 years were required to obtain an initial census of most
of the sheep range (14,000 ) within the original Refuge (Smith 1979).
While these surveys provided valuable information on Ff?it+HE abundance
and distribution of sheep, they did not provide a means to monitor
population status, or to develop population estimates.

With enlargement of the Refuge in 1980, and subsequent increases in
hunting, there is a need to develop alternative methods to estimate the
abundance of Dall sheep in the ANWR and monitor changes. MWe are
presenting improved sampling designs for aerial surveys which yield: 1)
more efficient data collection and analysis, and 2) estimates of
ﬂzgameters wWith known bias and precision for Dall sheep abundance in the

uge.

We assume that a 2-stage cluster sampling plan (Cochran 1977) will
be ra:ummandeu,kniampl1ng effort to achieve a desired preécision for sheap
density (sheep/ is then a function of: 1) the number of primary units
{each approximately the size of the Hulahula or the Atigun-Sag study
areas) which are sampled from the ANWR; 2) the number of subunits to be
sampled from each primary unit; 3) the variance of sheep density between
and within the primary units; and 4) the variance due to estimation of
visibility bias. It may be possible to further increase precision by
stratification of the primary units. However, only stratification of
subunits 1s considered here.

STUDY AREAS

Historic data were used from 4 Dall sheep aerfal surveys conducted
during mid-July to early August 1976, 1979, 1982, and 1986 in the Hulahula
River drainage (Fig. 2, Saith 1979, Heimer 1983, Garrett 1987).
Additional data were analyzed from a June 1989 aerial survey of a subset
of the Atigun-3ag River drainage (Fig. 3). Summerfield (1974) and Mauer
(1990) described physical conditions of the study areas. We analyzed both
data sets Lo develop recommendations concerning design and anmalysis of
aerial surveys for Dall sheep in the entire AHHE.

METHODS

Fourteen subunits with areas from 93 to 150 km® were identified in
the Hulahula drainage (Table 1, Fig. 2). Two subunits (9 and 12) were not
surveyed every year. Data from the 4 Hulahula surveys were compiled by
subunit from original field maps and data forms.

Twenty-two subunits with areas from 18-78 km® were identified in the
Atigun-5ag drainage (Table 2, Fig. 3). The subunits were classified into
high, medium, and low sheep-density strata, based on prior knowledge and
observed sheep densities during a preliminary aerial survey with about 0.6
minutes per km® by a pilot/observer crew in a fixed-wing Piper Super Cub
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Table 1. Mumbers of Dall sheep observed during the 1976-1986 aerial
surveys of the Hulahula region, Arctic National Wildlife Refuge, Alaska,
summarized by subunit.

—

Subunit ﬁTE? Number of Sheep Counted
1D {km") 1976 1979 1982 1986 Total
1 113.2 35 38 43 86 202
2 130.0 %8 49 22 157 286
3 114.4 8 3z &7 3z 111
4 118.4 33 60 64 104 212
5 93.5 168 121 258 232 679
6 107.7 390 814 583 382 2074
7 107.4 31319 201 254 3&2 1176
8 147.5 103 112 i 363 BOO
g 101.2 No' mWD' 59 31 10
10 149.9 47 23 Tl 223 364
11 126.5 192 6§ 190 372 760
12 130.8 122 MND 60 86 10°
13 140.7 104 72 186 270 632
14 99.1 121 831 125 71 400

‘ Mo Data; subunit not measured during the pirticulir yaar.
? Insufficient Data; subunits not summed due to missing data.

PA-18. Following stratification, 2 pilot/observer creéws in the fixed-wing
ajrcraft independently surveyed a random sample of subunits within the
high and medium density strata. One crew conducted an "intensive" survey
using about 2.5 min km‘, while the second conducted a “reqular" survey
using about 1 min/km". In general, the regular survey was conducted at a
higher altitude with less circ1ini- Both surveys for each subunit used in
analyses were completed within 5 hours of each other. Additional reqular
surveys were conducted by 1 crew on a larger stratified random sample of
subunits from all 3 strata.

Data collected during each survey included the number of groups of
sheep detected, number of sheep/group (excluding lambs), locations of
groups on topographic maps, composition (mixed, nursery, or rams), number
af large males present, and other explanatory variables belfeved to
influence detectability (e.g., measures of topographic relief). Groups
were defined as distinct based on location, and sex and age compositions.
Immediately after both surveys were completed the pilot/observer teams
reviewed observations to determine: 1) groups of sheep detected by 1 team
and missed by the other team, and 2) groups detected by both teams. 1In
many cases, groups originally recorded and marked on maps were pooled to
account for movement, aggregation, and segregation belween surveys based
on deductive judgement of the survey crews.
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Table 2. MNumbers of Dall sheep observed on intensive and reqular surveys
in the Atigun-Sag area, Arctic National Wildlife Refuge, Alaska, 1989.

Count ’ Total Observed Sheep
Elock Stratum Intensive Regular
1 High 379 37z
3 High 96
13 High 56 54
21 High 56 46
2 Medium 124
5 Medium 114 63
6 Med ium 67
B Med ium 87 86
9 Med jum 64 5l
16 Medium 29
20° Madium 50 29
7 Low 30
10 Low 12
11 Low f
14 Low 0
17 Low 17

' Four additional low-density stratum areas were not surveyed.

 Not included in the estimation of visibility bias due to the large time
difference between regular and intensive surveys.

Statistical Methods

Simulation methods for estimation of variation between and within
drainages,--We simulated the sampling of a large number of drainages with
a variable number of subunits per drainage by repeatedly subsampling with
replacement from the data i.e., used the bootstrapping procedure (Efron
1982, McDonald et al. 1990). The number of sheep observed per subunit was
simulated without correction for visibility bias (Tables 1, 2) under the
assumption that variance of the uncorrected counts is approximately equal
to variance of counts corrected for bias.

The coefficient of variation ét?j of the density estimate, equal to
the standard error of the density divided by the density, was used as a
precision criterion. We selected a CV of 12.5%, which corresponds to
bounds on a 95% confidence interval of approximately 4+25% precision.
Graphing the CV plotted against m» (number of subunits/primary unit) for
varfous k (number of primary units), we identified the combinations of k
and n to be recommended during an aerial survey of ANWR.
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Methods for adiusting visibility bias: legistic regression.--The
probability that a given group of sheep will be missed during an aerial
survay 15 defined as the visibility bras of the group during the survey.
Given estimates of the complement (i.e., probability of detecting a
?;Eggl. sample counts may be adjusted for groups missed (Samuel et al.

An objective of the Atigun-5ag study was to estimate the visibility
bhias of groups of sheep during regular aerial surveys. The less intense
reqular aerial surveys might then be conducted on a large sample of
subunits and the counts of groups adjusted for groups missed. Given n
groups of size 1, f; groups of size 2, groups of size 3, ete. which ar&
detected during the regular survey in anaivan area, the adjusted number of
sheap is

f It Iy
P u [ednl] b fmixB) & 23] + i) (1)
Py

1 By

where p, is the probability of detecting a group of size 7.

We identified sheep groups seen during the intensive aerial survey
a5 a test set of sheep groups known present in a given subunit of the
Atigun-5ag area. These groups were then either detected or missed during
the reqular survey of the subunit. We assumed that groups sighted during
the intensive survey were a random sample of groups present in the study
region. No adjustment was made for counting errors (i.e. we assumed that
counts of sheep in groups were correct). We also assumed that movement of
sheep between subunits during the 2 surveys was detected by the observers
or had negligible effect on the estimates.

The wisibility bias of sheep groups during the regular aerial
surveys within each density stratum was then estimated using a logistic
regression model which is a function of measurable explanatory variables
(e.g., Neter et al. 1989, Samuel et al. 1987). The candidate explanatory
variables included number of sheepm;n a group during the intensive survey,
intensity of the survey (minutes/km" spent surveying the subunit), subunit
stratum (medium or high), group composition (mixed, nursery, or rams),
geology type of substrate and five measures of topographic relief
{McODonald et al. 1990). The fit of a model was evaluated by the
likelihood ratio test and goodness-of-Tit statistics (SAS 1988). Results
of Lhe legistic regressions for the medium density stratum were assumed to
apply to counts in the low density stratum because no intensive surveys
were conducted in the low density stratum.

Methods for adjusting visibility bias: double sampling.--A second
technique for adjusting for visibility bias is double samp/ing (Eberhardt
and S5immons 1987, Gasaway et al. 1986) in which the quick and less
axpensive "reqular” aerial survey is calibrated by the more accurate, but
mora éxpensive "intensive® aerial survey. A ratio of counts from these 2
surveys is constructed from a "small" sample where both are conducted.
The ratio is then used to adjust the total number of sheep estimated from
a "larqe” sample where the reqular survey is conducted,
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Double sampling was used to adjust the estimated sheep abundance
from regular surveys in the Atigun-5ag region of the ANWR, June 1989,
under the assumptions that no groups are missed during intemsive surveys
and counting errors are negligible. For subunits where both surveys were
conducted, the ratio of the number of sheep seen during the intensive
survey (y.) te the number of sheep seen during the regular survey {xl},
totalled dver all sheep groups is

n
R= j%ifi (2)
2

This ratio provides a calibration term with which to adjust the count of
sheep detected during regular surveys to the estimated number that would
have been detected if the intensive survey were conducted on all sampled
subunits. The double sampling procedure was evaluated within each stratum
of the Atigun-Sag study area and for the entire study area ignoring
stratum boundaries.

RESULTS
Simulations Based on the Hulahula Drainage

Using the bootstrap procedure for resampling subunits from Table 1,
the coefficient of variation of the estimated density of sheep was
gimulated. We considered various combinations of the number of primary
units (drainages) to be randomly sampled with the requirvement that an
equal numbeér of subunits (count blocks) be subsampled from each primary
unfit, Results of 2 of these simulations (1979, 1982) are plotted in Figs.
4-5, respectively. Based on Fig. 5, we expect that the desired
coefficient of variation of 12.5% can be achieved by random sampling about
8 primary units and subsampling about B-10 subunits from &ach primary
unit. All simulations conducted on the surveys of the Hulahula drainage
yielded approximately the same results with the exception of those for
1979 data (Fig. 4). Based on the variation observed in 1979, a larger
sampling effort of about 15 ﬁriuary units and 10 subunits per primary unit
would be required to meet the stated goal for precision.

Simulations Based on the Atigun-5ag Drainage

For simple random sampling of the data (Table 2), we expect that the
desired precision of CV = 12.5% will be achieved with about 15 primary
units and about 6 subunits each (Fig. 6). However, the same sampling
effort in stratified random sampling (8-10 primary units with 3 subunits
from each of 3 strata) is expected to yield estimates with approximately
12.5% CV (Fig. 7).

Estimation of Dall Sheep Abundance for the Atigun-Sag Drainages

The numbers of sheep counted during regular surveys (uncorrected for
visibility bias) ranged from 48-99% of the numbers counted during
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intensive surveys on units where both were conducted. Correlation
analyses revealed that counts from the 2 surveys had correlation
coefficients of r = 0.99 (P < 0.02) for subunits in the high density
stratum and r = 0.54 (P = 0.64) for subunits in the medium density
stratum.

The number of sheep in a group was the lone significant explanatory
variable in the logistic regressions (P = 0.02, medium density stratum; P
= 0.03, high density stratum), In each stratum, the model selected for
estimating the probability of detecting a given group of sheep during the
regular surveys was

1+glnr} i

p::

where m 15 the regression coefficient, and y is the number of sheep in the
group. For example, the probability of detecting a group of size y during
the regular surveys in the medium density stratum s given in equation (4)
and is plotted in Fig. B.

alo.as0edy (4)

 EE 'E_!ﬂ.!.!nﬂl'l_:r'

P=

The number of groups of size ¥ detected during a regular survey, n.,
was adjusted to o, / 2y to account for groups of size y which were missé
by the regular su#ﬁ&j, This adjustment for visibility bias is tedious and
no formula is available for estimating the standard error of the estimated
total sheep. Because of this problem a jackknife procedure was used
within each stratum to estimate the standard error (Krebs 1989, McDonald
et al. 1990). The jackknifed pseudovalues within a stratum were computed
by: 1) dropping 1 subunit at-a-time from a stratum; 2) fitting the
logistic regression model (3) to the remaining data; 3) adjusting the
counts of sheep in groups detected during regular survey flights of other
subunits in the stratum; and 4) expanding the adjusted counts to the
entire ;trﬂtum‘ The mean and standard error of the pseudovalues were then
computed.

Estimates of total sheep for the high, medium and low density strata
were 762 (SE = 234.7), 632 (SE = 28.2), and 198 (SE = 23.5) sheep,
respectively. Summing across the 3 strata, the estimate of total sheep in
the Atfgun-Sag study area, June 1989, was 1592 (SE = 237.6).

Using the double sampling approach, the ratio of sheep sighted in
the intensive surveys to the sheep sighted in the regular surveys was
1.325 in the medium density stratum and 1.04 in the high density stratum,
We used the ratio 1.325 to make adjustments in the low density stratum,
Applying these ratios to the regular surveys, weé obtained estimates of 581
(SE = 8.0), 595 (SE = 85.0), and 178 (SE = 53.2) for the high, medium, and
low density strata, respectively, Summing across the 3 strata, the
estimate of total shesep in the Atigun-5aq study area, June 1989, was 1364
{5E = 100.8).
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DISCUSSION AND RECOMMEMDATIONS
Adjustments for Visibility Bias

Groups of sheep detected during the intensive surveys were used as
test cases for estimating probability of detection during regular surveys.
The major problem was that some groups were pooled while the
pilot/observer crews were Jjudging which groups detected during an
intensive survey were also detected (or missed) during a regular survey.
He believe there was a tendency for the pilot/observer of the regular
survey to judge that they had also seen these pooled groups when in fact
they may have been detecting groups missed during the intensive survey.
Also, there was a tendency of the reqular survey crew to judge that small
groups had moved and were detected in both surveys. The effect of these
biases 15 to overestimate the probability of detection of groups of sheep
during the regular survey and C
We therefore believe that the estimate of 1592 Dall sheep (s.e. = 23B) for
the Atigun-5ag study region, June 1989, is conservative.

While the population estimate (1364 sheep) based on double sampling
is still lower, confidence intervals for the 2 estimates overlap.
However, we are more confident in the first approach because we believe
that 1592 sheep s an underestimate, amd it 4is Tlarger than the
corresponding estimate from the double sampling approach. In effect, we
believe that a number of Dall sheep were missed during the intensive
SUrvey.

Factors Influencing the Probability of Detection

Among several variables tested, only group size was significantly
related to probability of detection. Other tested variables may not have
bean significant because of measurement error or our inability to measure
ecological and physical reality. In particular, we expected topographic
relief to be related.

Sampling Strateqgy

Simulations of stratified random sampling of subunits from the
Atigun-5ag study region resulted in smaller coafficients of variation of
estimated sheep density relative to simple vandom sampling of subunits
from either the Hulahula or the Atigun-Sag study regions. Thus, we werse
able to attain the desired precision with a smaller sampling effort
because densities of sheep were more homogeneous over subunits within
strata. We attribute the ability to define strata with more homogeneous
distributions to seasonality; the Atigun-Sag region was surveyed in June
while the Hulahula region was surveyed in July-August. Regions of "high®,
“medium”, and "low" densities were relatively easy to delineate during the
June 1989 study. We recommend that surveys be conducted in early summer
using a stratified random sampling precedure within major drainages.

Simulations from the Hulahula survey indicate that precision of CV
= 12.5% for sheep density in ANWR can be expected in many years by random
sampling of 8-10 subunits in about 8 randomly selected primary units.
Simulations of the 1989 Atigun-Sag data indicate that about 9 primary
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units would be needed with B-10 subunits each to achieve a CV of 12.5% for
both simple random and stratified random sampling of subunits.

Two factors tend to increase the recommended sample sizes:
1} there was higher variation in the 1979 aerial survey of the Hulahula
drainage and the desired precision could only be obtained for the highesi
sampling effort simulated, and 2) the simulations did not finclude the
variation due to adjusting for visibility bias. On the other hand, 2
factors tend to decrease the recommended sample sfzes: 1) 27 primary
units have been tentatively identified in ANWR and a sample of B8-10
primary units will yield a finite population correction factor which will
reduce the CY by about 15% (e.g., (0.85)12.5% CV = 10.6% CV), and
2) stratification of primary units may further reduce variation.

It is impossible to precisely predict the required sampling effort

in a future aerial survey of ANWR because data are available from only two
drainages and a small number of years. MNever-the-less, for a refuge-wide
survey of ANWR wa recommeénd that: 1) the refuge be divided into major
drainages (primary units) of sizes comparable to the Hulahula and Atigun-
Sag study areas; 2) the primary units be stratified into "high", "medium”,
and "low" sheep density areas based on judgement and prior knowledge;
i) B-10 primary units be randomly selected in a stratified random design
(e.g., 4 units from the high density stratum, 3 from medium density
stratum, and 2 from the low density stratum); 4) divide each selected
primary unit finto subunits which can be surveyed_in relatively short
periods (<1.5 hours) when flying at about 1 minute/km™; 5) pre-stratify all
subunits in a given primary unit based on prior knowledge and _a
preliminary "stratification” survey (e.g., flying at about 0.6 minute/kn®)
immediately before the formal survey(s): 6) randomly select 2-4 subunits
from each stratum identified for formal swurvey(s) (e.g., 4 subunits from
the high density subunits, 3 from medium density subunits, and 2 from the
low density subunits); 7) conduct “regular" surveys in each subunit
identified in 6); B) also, conduct "intensive™ surveys on approximately
one-third of the subunits identified in 6); and 9) develop models for
correction of visibility bias in regular surveys using logistic regression
of groups detected (or missed) in the intensive survey on explanatory
variables. There are no guarantees associated with recommendations of
this nature, MWe anticipate that refuge-wide estimates will be obtained
with CV <12.5 % based on this design and sampling effort.
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Hulahula study area with Dall sheep survey subunits outlined.
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Fig. 3. Atigun-5ag study area with Dall sheep survey subunits outlined.
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Fig. 4. Simulated coefficients of variation (CV) of estimated Dall sheep
density based on simple random sampling of subunits from the Hulahula
study area, 1979. CV's are plotted as a function of the number of primary
units selected and the number of subunits surveyed per primary unit.
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Fig. 5. Simulated coefficients of variation (CV) of estimated Dall sheep
density based on simple random sampling of subunits from the Hulahula
study area, 1982. CV's are plotted as a function of the number of primary
units selected and the number of subunits surveved per primary unit.



191

25 = b—o05 +——+8 o—o0l11l o&6—a14 »—al?

24 = NUMBER OF SUBUNITS PER PRIMARY UNIT

CCEFFICIENT OF VARIATION

T | LI | | T | | e LEiae] It S DR RIS T ] A e R E ] [EE —

5 b 7 ] i 13 11 12 I3 14 15 16 17 18 1%
NUMBER OF PRIMARY UNITS

Fig. 6. Simulated coefficients of variation (CV) of estimated Dall sheep
densily based on simple random sampling of subunits from the Atigun-Sag
study area and regular survey data, 1989. CV's are plotted as a function
of the number of primary units selected and the number of subunits
surveyed per primary unit.
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Fig. 7. Simulated coefficients of variation (CV) of estimated Dall sheep
density based on stratified random sampling of subunits from the Atigun-
Sag study area and regular survey data, 1989. CV's are plotted as a
function of the number of primary units selected and the number of
subunits surveyed per stratum.
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Fig. B. Estimated probability of detection (Equation (4)) of a group of
Dall sheep as a function of number of sheep in the group during the
regular surveys of units in the medium density subunits, Hulahula and
Atigun-5ag study areas, Alaska.



