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Abstract: Aerial sample surveys of Dall {ﬂjiulnﬂil ) s were conducted
in Wrangell-St, E'I‘lﬁﬂat‘lmﬂ Park, Alaska, in y% and 1991. The sample

surveys included a 2-stage stratified random sampling procedure combined with
double sampling. Observers in a fixed-wing aircraft completed an aerial survey
on a random sample of count units in high, medium, and low density sheep regions
in the entire survey area (fixed-wing survey). The double sampling consisted of
A more intensive survey by observers in a helicopter on a subsample of these
units (heli er survey). The helicopter survey provided groups o sheep known

to exist in the count units which were either ted or missed during the
fixed-wing survey. The probability of detection of a given size during the
fixed-wing survey was then estimated using logistic regression. 2-stage

sample combined with double sampling allowed extrapolation of sheep counts,
corrected for visibility bias, to the entire survey area. The 2 years of survey
al lowed a rison of independent estimates of Dall sheep density using nearly
identical met logy.

Aerial surveys designed to count all the animals present in an area
ally lack information necessary to estimate the accuracy and precision of
counts, Unfortunatély these surveys often underestimate animal abundance
(Caughley 1977). A major reason for inaccuracies in aerial surveys 15 the lack
of an estimate of the number of animals not counted due to visibility bias
(Caughley 1974, 1977). In an evaluation of the effects of several factors on the
accuracy of aerial surveys, Caughley et al. (1976) found that speed, height above
ground, width of survey strips, and observers had significant effects on survey
results, Samuel et al. (1987) found that visibility of elk in northcentral Idaho
was significantly influenced by group size and vegetation cover. Other studies
of visibility bias in aerial surveys have reported affects from species (Broome
9B85), season (Gasaway et al. 1985), sex, terrain, past experience with aircraft
{(Singer and Mullen 1981), and age-specific behavior (Miller and Gurnn 1977).

several methods of adjusting aerial survey data for visibility bias have
been described.  Samuel et al. (1987) described sightability models for
Ereﬁ‘[cting tm;arnbahi'ﬁt:r of observing elk groups during winter aerial counts.
bernardt and Simmons (1987) suggested "double sampling” as a way to calibrate
aerial observations. McDonald et al. (1990) estimated visibility bias associated
with aerial surveys of Dall sheep in the Arctic Mational Wildlife Refuge (ANWR).
Alaska. wusing logistic regression to estimate visibility as a function of
measurable explanatory variables,
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Because of the size of the parks in Alaska, conventional surveys can cover
only a small portion of sheep range. Mrangell-St. Elias Mational Park and
Preserve (WRST) was last surveyed by the National Park Service (NPS) and the
Al aska artment of Fish and Game (ADF&G) during a 4-year period from 1981
through 1984 These and previous sample surveys of WRST were an attempt to count
all the sheep in the areas surveyved using a variety of aircraft and personnel.
Past surveys provided valuable information necessary for the managesent of
in the Park and Preserve. However, the survey design, potential visibility bias,
and extended survey period made interpretation of sample survey data diftficult.
In addition, the extensive flying necessary for a total count, much of the time
in fized-winged aircraft, made surveys expensive and dangerous.

An aerial sample survey of Dall s was conducted in late June - Ear_!,g
July of 1990 and 1991 in WRST. WRST iz & 53,418 square kiloseter (20.625 mi
national park in southcentral Alaska. The sample surveys were conducted in the
Wrangell ntains and the adjacent portion of the Ch h Mountains in the park.
The surveys used a stratified random sample with double sampling for correction
of visibility bias. Sheep sbundance was estimated by coumting s from a
fixed-wing aircraft in a random sample of count umits stratified by sheep
dgensity. Counts made dum:tg: the fixed-wing ﬂiﬁc were corrected for visibility
bias by comparison with a double sample from a helicopter on a subset of units,
and u“ll-lﬁsi'll'l a 2-stage sampling plan to estimate the abundance of sheep in the
entire 2

This project iz part of & regional effort to improve sample surveys of
Oall sheep in Mational Parks of Alaska. The specific objectives of the sample
SUrveys were:

1. to estimate abundance of Dall sheep in the Wrangell and Chugach mountains
within WH5T with known accuracy and precision;

Z. to develop and test a sampling design that is more cost effective than
those used in past surveys and can be completed easily in 1 season; and

3. to develop and test a saspling design that is safer than those used in
past surveys.

The authors would 1ike to thank National Park Service personnel for their
assistance including Ken Faber, for assistance in counting sheep, Jim Hannah,
park ranger and pilot. Bill Route, and Karin Route for their review of the
manuscript, Russell Galipeau. Chief of Resource Division. and Karen
Wade, Park Superintendent. We also would like to thank helicopter pilot Ken
Barnes of Soloy Helicopters and airplane pilot Ken Bunch, deceased.

METHOOS

Surveys were conducted during the Tast week in June and first week in July
both years. The surveys utiliz a 2-stage random saspling procedure with
stratification combined with double sampling. The double sampling method
involved conducting a ratively extensive survey of Dall sheep from a fixed-
wing aircraft in a stratified rendom sample of survey units, followed immediately
by a comparatively intensive survey from a helicopter on a subsample of these
units, as5 that the intensive helicopter survey detected a random sample
of sheep groups present, “marked™ their location, and gave an exact count of
sheep nuabers present in detected groups. The fixed-wing survey either detected
or did not detect the marked groups. ble $mlin? with helicopter and fixed-
wing surveys allowed the use of logistic regression for estimation of visibility
bias inherent in the extensive fixed-wing survey (Eberhardt and Simmons 1987,
Samuel et al. 1987). We used the results of the reélatively Targe sample size of
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the fix-edwm? survey, corrected for wvisibility bias, to extrapolate a density
pstimate to all units in the stratum.

WRST, was divided into 31 primary sampling units (Fig. 1) ;rm1p!d into
high, medium, and low-density strata according to res described in Taylor
et al, (1989), Previous surveis (Singer 1982, Mullen and Cella 1984) established
the primary sampling units, that ranged in size from 96 to 2002 ke’ (37 to 773
mi’) (Table 1). We selected a random sample of primary units from each density
stratum for conducting fixed-wing surveys. The number of units selected in each
stratum was proportional to expected sheep density. Each of these primary
sampling units Was further divided into subunits ranging in size from 132 to 471
k' {49 to 182 mi’) (Table 2). The subunits were small enough that they could be
sampled in 1 flight by the helicopter in the same ssount of time required to fly
the entire primary unit in the fixed-wing and Targe enough so that movesent
between subunits was minimized. The large size of some primary sampling units
presented logistical problems for counting sheep from a fixed-wing aircraft
within the time frame of the survey. Therefore. in larger primary units, a
random sample of subunits was counted in the fixed-wing survey rather than the
entire primary unit. [In thase cases, the helicopter survey counted sheep in a
random sample of the subunits included in the fixed-wing survey.

Table 1. Area in square kiloseters of the primary units in the Dall sheep survey
at Wrangell-5t.Elias Mational Park and Preserve, July 1990 and 1991.

Unit Unit Unit
T 1185, 76 1] 119963 i 1
2 1361.36 13 535.76 26 1158_41
3 2002.15 15 507.90 27 469.17
4 103793 16 513,133 901 .63
5 B52. 65 17 363,04 29 748. 26
B 793.39 .65 30 1323.90
7 19 1161.15 kil 19942
g 733.47 20 550.54
] 734,63 22 916.50
11 337.54 23 716.14
ﬁ 610.33 24 475.49
21 213.32

Total 10758.52 783401 7059, 74

While the same basic sﬁﬁnu procedures were used in both years, survey
methodology was changed s1ightly in 1991 as a result of experience gained in
1990, To the extent possible, the same sample units randomly selected for the
1990 survey were also sampled in 1991 to permit comparisons between years,
Counting procedures from the fixed-wing aircraft were modified slightly in 1991
50 comparisons with 1990 counts (unadjusted for visibility bias) were limited to
counts from the helicopter survey, Additional primary units and subunits were
randoaly selected from the low, medium, and high density strata in 1991 to
provide additional units and subunits for both the fixed-wing and helicopter
surveys in the event that larger sasple sizes were possible.

Experienced pilots and observers conducted both the fixed-wing and
helicopter surveys. Data collected during surveys included the number of groups
of sheep detected, number of sheep counted 1n each oup, and habitat
characteristics at the location of the group. All observed s were classified
to the extent possible as Tambs, rams (=1 year old). and ewe-like (ewes plus
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Fig. 1. Map of the Wranoel1-St. Elias Mational Park and Preserve showing 31
primary sampling wnits. Dashed 1ines divide units into subunits.
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subadult rams). Observers recorded habitat variables including substrate
(vegatation or rock color), terrain, and percent slope. Locations of groups were
marked on U.5.6.5. 1:2580,000 scale quadrangle maps with a contour interval of 61
m (200 feet). Groups were considered distinct 1T they ared to consist of a
unique group of individuals based on location and sex and age composition.

Table 2. Actual survey time spent by the fixed-wing aircraft and the helicopter
jﬂu;*i g.'ﬁge rﬁﬂey of Dall sheep at Wrangell-5t.Elias Mational Park and Preserve.
¥ ’ :

Time Area Min. ime Area Min.
__ Unit min. k._; per ko' min, k_:' per ka'
Fixed-wing flights:
A NS.* N.5. N.S. 70 277.81 0.29
3B H.5. H.5. N.5. 78 343,15 0.23
in 50 131.91 0.38 36 131.91 0.27
G 10 313.78 0.22 58 313,77 0.18
bAD N.5. H.5. N.5. 83 397.59 0.21
A 179 471.72 0.38 N.S. N.S. N.S.
7B N.5. H.5. N.5. 101 278.64 0.36
7C N.5 N.5. N.5. a9 236,00 0.21
L1AB 66 337.53 0.20 76 337.54 0.23
14 27 95.99 0.23 26 95.99 0.27
10A 45 353.79 0.33 N.5. H.5. H.5.
10DE 76 291.17 0.26 60 201.17 0.21
13ABCD 117 535.77 0.22 76 83577 0.15
16ABC 93 51334 0.18 118 513.34 0.23
2TABEC BS 459 .18 0.18 98 469.18 0.21
J1ABC 109 1199.8 0.039 83 1199.7 D.07
Helicopter flights:
A N.5. N.5. H.5. g9 217.81 0.32
0 66 131.51 0.50 a1 131.91 0.69
i 76 205.72 0.37 N.5. N.5. N.5.
Th 106 471.72 0.22 H.5. N.5. N.5.
7B N.5. N.5. N.5. 155 278.63 0.56
11A 55 164.13 0.24 36 153.15 0.24
14 a0 95.95 0.31 43 95.99 0.45
10E 40 164.13 0.24 12 164.13 0.44
13D 19 152. 0.26 58 152.89 0.38
16A N.S. N.5. N.S. 40 116,99 0.34
2786 N.5. NS, H.5. [713] 473.97 0.14
ilc N.5. N.S. N.5. 43 473.02 0.09

N.5. = No survey conducted.

Fixed-wing flights were made in & Piper PA-1B Super Cub or an Arctic Tern
over the entire primary unit or subunit. F'med-umi flights used the same aerial
survey procedures as the helicopter flights, but at a greater distance from the
sheep, with less circling, and with less time used. The fixed-wing flights in
both years were conducted at a speed of approximately 0.19 min/km® (0.3 min/mi®):
but 1991 survey Tlew farther from the mountain s and with less circling
than the 1990 survey. Helicopter surveys were conducted from a Bell Jet Ranger
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II in 1990 and a EO0D in 1991. Helicopter flights occurred at the rate
of approximately 0.3 min/ke (0.48 l*Imflili,‘.l,ml:I o

In 1990 either the fixed-wing or the helicopter survey may have been
conducted first in a subunit. Howewver, in 1991 the fixed-wing flight was
conducted first to minimize disturbance potentially caused by the helicopter
survey. For safety. the helicopter surug usually whan informed the fixed-
wing aircraft was leaving a count unit. ally only 1-3 hours elapsed between
surveys and never more than 6 hours. Data were not used 1f more than 6 hours
passed batween the 2 surveys flights. Both surveys were conducted so that there
was a minimum of disturbance to sheep (fe. minimal efrcling and avoiding Mying
directly toward sheep).

Each . Tmmediately following survey flights, helicopter and fixed-wing

crews compared mapped locations and descriptions of sheep groups, Criteria used
to decide if groups were ohserved by bualgtsw* erews included proximity of

recorded locations and age and sex composition of observed . Reconciled
groups were used to show which groups “marked” by the helicopter survey were
missed by the Tixed-wing survey and which were sighted. Often, recorded
and marked in close proxXimity were pooled to account for mov . aggregation,

and segregation between surveys based on deductive judgement of the survey crews.
Crews used a conservative approach so that it was unlikely that incidental
movement of sheep between surveys resulted in sheep recorded as seen by the
helicopter and not the fixed-wing surveys. This approach yielded a conservabive
estimate of the population size because 1t tended to overestimate the probability
that a given group will be detected during the fixed-wing survey.

We estimated visibility bias with logistic regression (Samuel et al.
1987} and standard errors and sampling distributions of sheep density using the
Jackknifing (Manly 1991). vigibility bias of a sheep group during
the fixed-wing survey within a given density stratum was estimated using a
logistic regression mode] that was a function of the explanatory

variables group size and habitat. We also examined helicopter and fixed-wing
survey counts of sheep in groups sighted by both surveys to decide if the
helicopter survey but detected by fixed-wing survey did not enter the
calculation of wisibility bias in any way.

Ihg_‘in;ml&:m%ﬂm Jackknife method I:Ham{ 1991). 1% & repeated sampl ing
procedure which allows the calculation of confi intervals when no better
methods are available. In our case. the method was used to estimate a mean and
standard error of population density.

We first it 1 Togistic mode]l using data fTrom all primary units,
calculated the visibility bias, adjusted all fixed-wing surveys and estimated the
density of sheep using the sppropriaste formula for 2-stage stratified random
saapling, These calculations were then repeated n times dropping each primary
unit from the Togistic r sion ong-at-a-time. These el estimates of density
m1 then used in the Jackknife procedure to compute n pseudo-estimates of

ty:

D, = n*D,-(n-1)*0,,
where [, was the pseudo-estimate of density with 1 primary unit dropped, n was

n
the nusber of pr"E-nr'g units in the sample, D, was the estimated density with all
w-lts present, and D, was the estimate of density with the kth primary unit
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Finally, the jackknife procedure was leted by averaging these n
pseudo-estimates to arrive at a single estimate of density. The standard error
of estimated density was computed from the variation in the n pseudo-estimates.
The total nusber of s in WRST was computed by sultiplying the jackknifed
estimate of density by the total area of all primary uniti. The stratified
random sampling formula and Jackknife procedures are described in more detail in
McDonald et al. (1990), Confidence intervals based on the jackknife procedure
were computed as if the n pseudo-values represented a simple random saaple of
5178 n using the standard t-distribution.

We examined the initial stratification of prisary units based on the
number of sheep seen by the 1990 and 1991 surveys. A primary unit was placed
into a different density stratum if the analysis suggested the unit was
misclassified. Following post-stratification we roggttd the estimation
rocedures described above and obtained additional estimates of ﬁlﬂ? density for
fm purpose of evaluating the effectivensss of the inmitial stratification.

%ﬂm* regressions were run on PC-SAS (SAS Institute, Inc. 1985) using
the CA procedure, VMS SAS (SAS Institute. Inc. 1986) using the LOGIST
procedure, and SOLO (BMDP Statistical Software, Inc. 1988) using leogistic
regrassion, A1) programs gave comparable results.

RESULTS

1991 fixed-wing and hn-‘ti%mm' SUrve more area (8191 km';
Blzllum:tm:pm 1990 s#:q (heli kn'; 235.1"5-1 ) and res{.l;tted in ?_t:m'um;
sample of s 3 copler survey cov all or a portion o
7 primary umits 1nr:iud1ng 6 subunits. an area of {35? ﬂfu{ﬂl mi*). The 1990
fixed-wing survey covered all or & portion of 9 primary units including 21
subunits, an area of 4713 ka' (1820 mi®) (Table 2). In 1991 the helicopter survey
covered all or alpartim of 9 primary units including 10 subunits, an area of
2318 kx' (R3S mi"), while ﬁ:; ixed-wing survey covered 10 units including 25
subunits, an area of 5773 (2229 mp") (Table 23, The fixed-wing survey Took
less time in both years (0.19 min/km®; 0.5 win/mi*) than the helicopter survey
(0.30 win/ka’; 0.78 min/mi’}.

A total of 2 486 individual s were seen in 1990 and 3,518 individual
sheep in 1991. The 1990 survey detected 348 séparate _qlrms and the 1991 survey
detected 624 separate groups (Tables 3 and 4). The helicopter crew saw 15 more
groups than the Tixed-wing survey in double sampled units in 1990, and 89 more
?*n-ups in 1991, However, the helicopter sur missed 21 gr séen by the
ixed-wing survey in 1990 and 30 groups in 1931 indicating surveys are
subject to visibility bias. The logistic regression modeél used only the groups
of sheep seen by the helicopter survey as the test set of of sheep known
to be present in the survey area (7% in 1990 and 218 in 1991).

The relationship of sightability, group size. and substrate was evaluated
by logistic regression (Fig. 2). Only size had a significant affect on
sightability in 1990 (P = 0.0009) and 1991 (P = 0.0039). The fixed-wing SLH"U'Eﬂ
detected approximately 1 out of every 3 solitary sheep both years (35 ¥ in 199
and 38 ¥ in 1991). As group size increased to 40 the probability of detection
increased to approximately S0%.,

The estimate for the average density of sheep for the study area in 1990
when cwpts are emg-mded without correction Tor visibility bias. was E.Ha'u“
(1.65/mi*) (Table %). This resulted in an estimate of 16,313 sheep. The
iiﬂkhnklfﬂd E:itTH!te. corrected for visibility bias in the fixed-wing survey, was

OL/km' (2.62/mi"). The jackknifed standard error of density was 0,12 with a CV
= 11.8%. The approximate 95% confidence interval on the total number of sheep
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Fig. 2. Estimated probability of detection of Dall sheep for fixed-wing survey
1540 f“g‘:llgg? of group size in Wrangell-St. El1as National Park and Preserve,
an ,
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Table 3. Humber of Dall shﬁ;;i counted by unit or subunit during fixed-wing and
helicopter surveys at Wrangell-St.Elias Mational Park and Preserve, 1990,

Double sampling survey

Fixed-wing Helicopter
SLUFVEY SUCVey B
5
Unit Sheep  Groups  Sheep  Groups  grouse heli-  fixed-wing
D 220 o4 276 13 [ 15
Th &7 9 104 16 3 10
10E 11 2 26 1 2 1
11A &0 4 79 ¥ 1 4
13D 167 8 127 i 3 2
14 134 13 124 11 b 4
Total 649 60 736 75 21 J6
Unit No. sheep 1990 No. groups 1980
3 571 76
7 523 b
10 147 15
11 219 12
13 355 28
14 149 19
16 185 18
27 5 14
31 16 3
Total 2240 Zal
was 25,972 £ 6, 333 sheep (Table 6). The estimated density of s for the study
area in 1991, mqlts were expanded without correction for visibility bias,
was 0.52/kn’ (1, 3-:?3:1 ) (Table ?:I This resulted in an urr:ur're:ted estimate of
13,341 sheep. ackknifed estimate of density, corrected for visibility bias

in the Fixed- wirrg SLIF'\"E]I'. was 0.978/ka’ (2.533/mi’) (SE = 0.46, CV = 18%). The
Bpmmilate 95% confidence interval on the total number of sheep was 25,088 +

598 sheep (Table 6).
A total of 10 subunits in 8 primary units and 1 entire primary unit was
surveyed from a helicopter in 1991 compared to 5 subunits in 5 primary units and

1 entire unit in 1990 al:u':e ). The 4 subunits and 1 primary unit surveyved both
years provided some comparative data. Counts in 1991 exc 1990 counts in 2
subunits and the primary unit, but are lower than 1990 counts in 2 subunits.

h surveys provided complete coverage of the subunits and primary unit using
similar technigues.

The range of estimated density of in individual prisary units in the
high density stratum overla with estimates for units in the medium density
stratum. Likewise, estimated density of sheep in individual primary units in the
medium density stratum over) with estimates for units in the Tow density
stratum (Table 9). During both years the density estimate for unit 11 in the
high density stratum fell within the range of densities estimated for the sedium
density stratum. Units 11 and 12 in the high density stratum and 13 15, and 16
in the medium density stratum are similar in --e@etahm terrain,
Additionally. the density estimated in 1991 for unit 10 in the medium density
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stratum was less than the estimated density im umit 27 within the low density
stratum. Density estimates for units 10 and 27 were almost identical in 1990.

Table 4. HNumber of Dall sheep counted by unit or subunit during Tixed-wing and
helicopter surveys at Wrangell-St_El1as National Park and Preserve, 1991,

Fixed-wing Helicopter
e - (] heli & fimed
Unit Groups S Groups roups . roups -
i % neep oy copter missed  wing missed

JA 185 20 235 37 [ 23
an 140 a0 234 &0 4 24
7B 105 13 237 75 10 52
10E 19 5 3 & 0 1
11A 24 5 35 5 1 1
130 151 13 162 17 2 [
16A 2 1 2 1 ] 0
14 137 11 172 16 1 b
278G 10 3 o4 B ] 5
31C 27 8 16 3 b 1
Total ain 129 1181 18 30 119
Unit No. s 1991 NG . 5 1991
k] 1354 213
f 152 a3
7 437 a3
10 47 18
11 130 18
13 2n 249
14 137 12
16 161 19
27 73 12
il 27 a
Total 2995 505

This overlap in density of the 3 strata prompted us to investigate the
potential effects of re-stratification of primary units (with a new stratified
random sample in future years). Unit 10 was post-stratified into the Tow density
stratum and units 11 and 12 were placed in the medium density stratum. Following
post-stratification, the jackknifed estimate of density for 1991, corrected for
visibility bias in the fixed-wing survey, was 1.08/ks’ (2.8/mi") (SE = 0.28, CV
= 10%). The approximate 95% confidence interval on the total nusber of sheep was
27.796+ 6,448 (Table 10). \Using the same post-stratification, the revised
estimate of sheep using 1990 data was slightly higher (Table 10), but with a
smaller variance (CY = 7X) than the original 1990 estimate (CV = 11.8%).

We examined the difference in counts of sheep within groups detected by
both surveys in 1991 to find if & correction should be made for counting errors
in the fixed-wing survey (Table 11). The fixed-wing survey counted 97% of the
sheep counted by the helicopter survey suggesting counts by the fized-wing survey
s1ightly underestimated the number of sheep in a group (assuming counts from the
helicopter were correct). However., we chose to be conservative and made no
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under-count correction to fixed-wing counts and rew data were used to correct for
visibility bias.

Table 5. Estimated total mmbor of Dall sheep by wvnit (uncorrected for
wigsibility bias), estimated densiiy by strata, and estimated stratified density
in the h'rangel'l-St. Elias Mational Park and Preserve, July 1990,

i Area Total No. s Estimated Density
Unit surveyad kn'’ obsery total sheep sheep/ kn’
High density strata:
3 21.11 202,15 &7l 2705
7 4717 9949 59 23 1104
11 100.00 337.54 219 219
14 100,00 96 .00 149 149
Total 3435.68 1462 4182 1.22
Medium density strata:
10 A 0T 1199.53 147 2713
13 100,00 535.76 355 355
16 100, (0 513.33 185 185
Total 2248.62 687 813 0.36
Low density strata:
27 100,00 469.17 5 5
i) § 100.00 1199 .82 16 16
Total 1668.99 21 g1 0.05

Table 6. The estimated nuaber of Dall shee'futmd density, corrected for
visibility bias, by stratum in Wrangel]-St.Elias National Park and Preserve, July

1990 and 1991
1540 1991
Density of Densi No. Msif! No.
strata Area” ka' per sheep per sheep
High' 10758.52 2.03 21849 1.811 19484
Medium* 7834.01 0.52 4083 0.398 3117
Low’ J1059.74 0.11 Ta3 0.116 819
Total 2565227 1.04 26RG5" 0.913 2320°
Jackknifed 1.01 Fail P 0.978 25088°
fstimates
SE 0.119 3060 0.179 4596

" S5tandard errors are not available because the sample size in each stratum s
tuu small to use the jackknife procedure.

" Corrected for visibility bias but not jackknifed.
" Corrected for visibility bias and mathematical bias by the jackknife procedure.

Sheep observed during the helicopter surveys were classified by sex and
age as completely as possible irL 1991 (Table 12). These data were not corrected
far differences in visibility. ?rwgs likely contained rzaﬂ ing and 2-year-
old rams that were not easily classified. Thus. we cat p as either
mature ram, ewe-1ike, or Tamb (Table 12). The ratio of lambs to m like was
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A7, EIEE ratio of young to all adults was .12, and the ratio of rams to ewe-like
was .42,

Table 7. Estimated total nueber of Dall sheep by wunit (uncorrected for
visibility bias), estimated density by strata, and estimated stratified density
in the Wrangell-5t. Elias Wational Park and Preserve, July 1991,

A Area Tﬁ?l Ho. s Estimated Density’
Unit surve obser total sheep  sheep/km’
High density strata:
3 53.27 2002, 15 1354 2542
6 50.11 793.40 352 702
7 61.46 999.95 437 B49
11 100.00 337.54 130 130
14 100.00 96.00 137 137
Total 4229.08 2410 4360 1.03
Medium density strate:
10 B3.77 1199.53 47 a7
13 100.00 535.76 217 277
16 100.00 513.13 161 161
Total 2248.62 485 525 0.23
Low density strata:
27 100.00 469.17 73 73
3l 100.00 1199.82 27 27
Tatal 1668.99 100 100 0.06

' Stratified average density: 0.52 sheep per ke’

Table 8. Comparison of the nusber of sheep observed by helicopter surveys in 1990
and 1991 at Wrangell-5t. Elias National Park and Preserve.
Unit No, sheep 1930 No. sheep 1991
aa N.5.* 235
a0 276 234
TA 104 N.5.
78 M.S. 237
10E 2b H
11A 79 35
13D 153 162
16A N.5. 2
14 124 172
27RC N.S. bl
31C N.5. 16
TOTAL 762 1181

* H.5. = Ho survey conducted.
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Table 9. Stratification analysis by unit for the 1990 and 1991 surveys at
Wrangel1-5t. Elias National Park and Preserve.

Mo Plioky e R P ok
e H r
Strata Unit Y =i g o R
High i 571 1.93 1354 2.27
High 6 N.S. N.5. 152 1.81
High 7 523 1.65 437 1.69
High 11 219 0. Mh 130 0.68
High 14 149 2,34 137 2.30
Hedium 10 147 0.34 47 0.17
Hedi um 13 355 0.86 277 0.85
Mesd i um 16 185 0.45 161 0.47
Low 27 75 0.26 73 D.14
Low 31 16 0.022 27 0.05

" N.5. = No survey conducted,

Table 10. Post stratified estimated number of Dall sheep and density. corrected
Eﬂq w‘l ﬂiﬂ“r bias, by stratum in Wrangell-5t. Elias National Park and Preserve,
Y X

1990 1991

Density of Area” Densit No. ﬂmsilgj No.
strata knt per sheep per sheep
High* G9810.65 1.858 18216 2.033 19950
Medium® 7hE2. 35 0.687 5211 0.667 5047
Low' B259.27 0.193 1598 0.138 1141
Total 2565227 0.976 25025" 1.019 26138"
Jackknifed 1.0E5 26286 1.083 27792

estimate

SE 0.0678 1740 0.1090 2796

* Standard errors are not available because the sample size in each stratum 15
I!:mzl small to use the jackknife procedure.

Corrected for visibility bias but mot jackknifed.
* Corrected for visibility bias and mathematical bias by the jackknife procedure.

DISCUSSTON

The most recent attempt at sample survey of sheep in the WRST was durin
the E:rind 1981-1984. Singer and Mullen (1981) reported covering 17 1/2 (73%
of the count units in a helicopter survey in 1981, Singer (1982) reported the
results of the 1981 surveys as well as surveys of additiomal areas in 1982, and
Mullen and Cella (1984) reported surveys of b additional count units in 1983 and
1984. HNo estimate of survey time was provided for the first 2 survey years. The
1983 and 1984 surveys took sl t]l'lﬂl" over 16 hours of survey time, 1981 and
1982 surveys covered a much larger area than the 1983 and 1984 surveys and
probably required more than twice the time. It appears our surveys in both years
were more COSt effective, AlSo, our Surveys were safer than previous surveys if
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it is accepted that more flight time with an objective of counting all sheep
increases risk,

Table 11. Analysis of possible bias by group size durin the survey of Dall
sheep at Wrangell-5t, Elias Mational Park and Preserve, July 1991,

No. sheep Mo. sheep Ratio fixed

Group size fixed-wing helicopter to No. groups
helicopter
1tob 134 146 0.92 60
6 to 10 131 131 1.00 18
11 to 15 157 184 0.85 14
16 to 20 18 16 1.13 1
21 to 25 41 46 0.89 i
26 to 30 23 30 0.77 1
3l to 35 57 A 1.68 1
36 to 40 A4 38 1.16 1
41 to 45 1] 0 0 0
46 to 50 i] a 0 0
51 to 55 53 52 1.02 1
Total B58 677 0.97"
* Ratio of totals.
Table 12. sition data for Dall sheep from helicopter flights at
Wrangel] - St EHa ational Park and Preserve, July 1991.
Ewe- Unc)as- Ram; Lamb :
Unit fams 11ke Lambs 5ified ewe-1ike ewe-11ke
i 105 310 55 15 0.339 0.177
7 69 106 20 42 0.651 0.189
11 2 33 ] 0 0.610 0
14 38 48 5 81 0.792 0,104
L 8 26 0 0 0.308 1]
13 41 102 19 0 0.402 0.186
16 1] 2 0 0 0 0
27 10 12 6 2h 0.833 0.50
Total 2ib 650 107 147 0,425 0.165

It can be argued that cost effectiveness 95 a function both of cost and
accuracy of results. Our results provide an estimate of sheep abundance with a
measure of accuracy and |I:r|:c1'51'un. Sample surveys during the 1981-1984 period
were an effort to count all sheep present, Over this 4 year period, 10,496 shee?
were counted in 25 af the 29 primary count umits in the T Einger (1982
estimated sheep numbers in uncounted units in the Wrangell's portion of the area
and corrected the total using a factor of 1.25 to account for missed 5hee|i».
Singer’s "corrected” estimate was 15,723 sheep. This estimate is only slightly
below our estimates of sheep without correction for visibility bias. Mo measure
of accuracy or precision was provided by Singer.
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Both the 1990 and 1991 surveys resulted in substantially higher estimates
of sheep in the WRST than the previous surveys. However, the densities reported
by Singer (1982) in some high density units exceeded our overall estimate of
density in this stratum, Singer (Undated) reported densities of 1.08/ks’
(2.8/mi") in the Preserve ion of WRST and 0.656/ks” (1.7/mi") in the Park

rt1-1:|n In a survey of Dall sheep at the mrthvmstgrn limit of their range in
ks Ran c-r ATask:a Singer. et al. rﬁs tiEﬂsmEs as high a:.
EII 71/km* (1_B5/mi*) with an aw:ra;f_r of 0.162 (0. 42.1’.1 y. Densities in
Alaska Emulal‘.fun.'. as k.?y nger (Undated) ranged from a low of 0. 154!I'-'.l'
(0.4/mi") in Noatak to HU (2.1/mi") in the Gates of the Arctic MNational
Park. Densities from both the 1990 and 1991 surveys of WRST after correction for
visibility were well within this range,

The estimate of 25,088 total sheep in 1991 based on the original
stratification is very close to the estimate of 25,972 obtained in 1990,
But, the precision of the 1991 estimate is less than the 1990 estimate.
precision of the estimates made in our survey was a product of the jackknifing
procedure and was sensitive to the variation 1n estimates of sheep density among
individual units in each stratum included in the survey sample. The Jackknife
procedure calcul ated pseudo-values for 5hew dennl:]g by dropping 1 surveyed unit
at a time and then Eitilﬂt‘[ﬂ% total sheep Dropping a misclassified
unit from the calculation of density for a particular stratum effected the
dﬁ;iitﬂ' estimate for that stratum far more than dropping a properly classified
un

The original stratification used in this study was based on an extensive
agrial reconnaissance of WRST (Taylor et al. 1989). However., the existing
geﬂnm*lng of units resulted in overlap in densities between high and medium

sity strata and medium and low density strata. This E;eathr contributed to
the mdth of confidence intervals in 1 and 991 the overlap was
greater in 1931 the relationship was consistent for both the 1990 and 1991
surveys suggesting a problem in the initial stratification. Following post-
stratification, the estimate of sheep fn WRST increased for both areas and the
precision improved. It is possible that estimates of sheep numbers with the
smaller standard errors following post-stratification were a better
reprn-smtatim of sheep numbers in T at the time of the surveys. However, it

5 likely that a new stratified random 531}1& from the re-stratified units for
ruturve survey will yield more precise results than the 1990 or 1991 surveys.

The Togistic regression indicated that group size was the only significant
explanatory variable in determining sightability from the fixed-wing. The
logistic regression with substrate variables indicated that tundra, dark rock.
light rock, and mixed substrate lacked significant influence on sightability.
McDonald et al. (1990) also found that group size was the only significant
variable affecting the probability of detecting Dall sheep in ANWR. When the
roles of the fixed-wing and helicopter aircraft were reversed in the analysis of
our data, this same relationship existed, although the helicopter was better able
to detect single sheep and small groups. This suggests the helicopter is a
better vehicle for observing sheep and confires the important influence of group
size on detection probabilities. Each variable recorded durmg aerial surveys
increases the difficulty of the survey. Future surveys of Da in similar
habitat could ignore substrate as a potential influence on mqht Tity.

Ouring both years of survey the fixed-wing and helicopter crews counted
approximately the sase number of sheep in groups seen by both. While a slight
upward adjustment of less than 3% could have been made to the fixed-wing counts,
in the interest of a conservative estimate, no correclion was made. In future
surveys, this relationship should continue to be monitored since different
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mﬁegvers. and changes in habitat and counting conditions may affect fixed-wing
counts.

This study was not desiogned to evaluate the difference in sheep response
to helicopter wersus fixed-wing surveys.  Nevertheless, no extraordinar
avoidance behavior was noted during either survey in 1990 or in 1991, On
occasions during the 1990 helicopter survey. a large group of sheep seeén in open
flat terrain responded to the helicopter by grouping tightly together and
running. However, these gr :veelE terrain or escape cover.
Theére was some concern voiced by reviewers of the 1990 survey that the helicopter
may disturb she% and bias subsequent counts by the fixed- ':ﬁ crew. To address
this concern, 1991 helicopter flights occurred after fixed-wing flights in all
double sample surveys. Disturbance of sheep was kept to a minisum 1n our surveys
as neither survey flew close enough to obtain a complete classification of sex

or age and repeated circling was avoided.

The design of our surveys did not provide accurate composition counts.
But, the helicopter survey in 1991 attempted to classify all sheep as lamb, ewe-
like, or ram. Identification of lambs in small groups of was relatively
ea:ly while differentiating between yearling rams and ewes and classification of
individuals in the larger groups of sheep was more difficult. Young rams and
Tambs were Tikely misclassiTied in the Targer groups and some yearling rams were
likely misclassified in all groups.

The ratfo of rams to ewe-like in our study may be biased since
classification of large ewe-Tamb groups contained few yearling rams. The raas
classified in the ewe-lasb groups contained some youmg rams, but we made no
estimate of the bias associated with misclassifying rams in large groups.
Nonetheless, our estimate of the ratio of rams to ewe-1ike was within the range
of similar ratios recently reported for Dall sheep throughout Alaska (Singer et
al, 1981, Singer et al. 1983, Ayres 1986, Heimer and Watson 1986, Ayres 1987,
Taylor et al. 1987, Singer Undated). The 42 rams per 100 ewe-1ike in our study
ﬂ;ﬂlffmtil:al with the ram:ewe ratio reported for WRST by Singer and Mullen

singer (Undated) reported the proportion of Tambs in the 1970"s and 1980°s
within National Parks and Preserves in Alaska. Proportions ranged from 18Y to
J2% with WRST reported as 18X in the 1970°s and 19% in the 1980°s. Kellyhouse
(Undated) surveyed a portion of WRST in 1981 and 1984 and reported 19% and 16%
lambs, respectively. This is slightly higher than our estimate of 10% in 1991.
The ratio of lTambs to ewe-1ike in our semple was similar to the ratio reported
by Garrett (1987) for Dall sheep in the Hulahula River and adjacent drainages of
ANWR, Alaska. However, the ratio in our study was lower than other 1amb:ewe
ratins recently reported for Dall sheep in Alaska (Singer et al. 1981, Singer et
al. 1983, Ayres 1986, Heimer and Watson 1986, Ayres 1987, Taylor et al. 1987,
Singer Undated). The ratio was much lower than the most recent lamb:ewe ratio
reported for WRST (Singer and Mullen 1981). While erli.' an underestimate, the
low ratio of lasbs to ewe-1ike in our study and the declining lamb proportions
reported by Kellyhouse (Undated) suggest the need for a survey des‘lgne?u
accurately find the sex and age composition of Dall sheep in WRST.

RECOMMENDAT TONS

1. Estimates of 0all sheep in the WRST from the 1990 and 1991 surveys are
substantially higher than previous surveys and contain estimates of
préecision, Future surveys using the same methods would provide managers
with a better measure of the trend in sheep numbers.

to more
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Future surveys using the double sampling strategy should attempt to
increase the speed of the Tixed-wing survey. is would allow more
primary units to be surveyed and thus increase the confidence in
pxpansions of d&nsit{ data to the entire area. Or. surveys of a fixed set
nf ;;Mlar_l.r umits could be done with less flying and thus result in & less
costly and safer survey.

The 1991 survey attespted to classify sheep as to sex and age. Lamb:ewe
ratios are minimum estimates due to the inclusion of young males as ewes.
Future surveys combining helicopters with Ffixed-wing aircraft should
inciude sex and age composition counts 1n the data collected by helicopter
surveys, Classification of animals into age and sex categories should be
done by a combination of observations from the helicopter and a sample of
herds classified from the ground. Ground counts cam be used to correct
hel icopter counts of young males and ewes. Observations from a fixed-wing
aircraft should be used to expand estimates of abundance and age and sex
ratios to the entire population based on double sampling procedures. A
random survey would reésult in & less biased estimate of the ratios than
provided by the more haphazard approach used in 199]1.

Sex and age composition data are characteristics of populations. WRST is
a large area cmta‘rmn% several management units. IT more than 1
popul ation exists in WRST then classifications and lation estimates
should be made so they are relevant to individual populations.

Because the fixed-wing survey crew saw groups not seen by the helicopter
crew, an alternative approach is suggested to population estimation when
m?ns'ftfun counts are considered unnecessary, A sample survey could
employ 2 fixed-wing crews which could calibrate each other (i.e., develop
sightability correction factors) by flying the same units prior to ﬂrir?
mitirq} separate units. This method should be evaluated in the WRS
or a simlar area.

Planning for future surveys should attempt to reduce time lost in ferrying
pbetween fueling locations. the base of operations. and survey units.

The survey depends on the accurate location of s groups by fixed-wing
and helicopter survey crews. Global Fmitim*rnghgq}tumtmémm‘mw should
be investigated for use in locating sheep groups by both surveys.

Some subunits in our surveys were too large for the helicopter survey and
some boundaries were difficult to follow. Boumdaries of all subunits
should be evaluated before future surveys. Past sheep observations should
be used to evaluate existing boundaries.

The 2-staged sampling plan used in 1990 and 1991 was necessitated by the
NPS's desire to survey sheep within the existing sampling units. The
variance of the jackknifed estimate of sheep demsity should decrease if
more ssaller units are used. An alternative to the present sampling
strategy is to subdivide all primary units so that subunits are
approximately the same size. A stratified random or systematic sample
could then be taken of the subunits, treating them as primary units.

WRST should be re-stratified using the existing or smaller survey units.
A few units r misclassified in the original stratification based on
both 1990 and 1991 survey results, Most of the subunits should be placed
in the same stratum as the original primary unit. However, there may be
enough variability in some of the larger units to warrant a change in the
stratum for somé smaller units. The original stratification was based on
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an aerial stratification survey. [tml],\r stratification surveys should
be completed immediately prior to s anp @ surveys. However, logistics and
cost constraints may prevent stratification surveys prior to each sample
survey, A.n alternative approach is to use the data from the 1990 and 1991

surveys al with data on habitat, precipitation, harvest, etc., and re-
stratify wi stratification surveys.
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