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Abstraci. The Alaska Department of Fish and Game (ADFG) and the U.3. Fish and Wildlife Service (FW3)
cnoperaled in evaluating alternative methods of eslimation of Dall sheep (Ovis dall) and Rocky Mountain
goat (Oreamnos amercanusinumbers on the 800,000 hectare (1.97 million-acre) Kenai Nabonal Wildiife
Refuge (KNWHR) during the summer of 1992, The lechnigues included double sampling to cormect for
visibility bias. We compared the accuracy of population estimates oblained by the standard census, by a
double sampling and logistic regression approach and by astmates obtained using the Gassway rabio
technique, Dur study Blusirated that the standard, and even very intense seral suneys may miss sheep.
Group sire emerged as a significant variable explaining visibility bias. The ratio and product estimator
appearad o be & biased undér-estmalor of size.  The varance estmator for the logistc estmator
appedred more appropriate.  Simulations using logistic regression and ralio estimabion provided an
indication of the effect of sample size on survey resuils.

Dall sheap and Rocky Mountain goat surveys  (Singer and Mullen 1981), and age specific
by the Alasks Department of Fish and Game behavior [Miller and Gunn 1977,
(ADFG) are lyplcally conducted using Pipar PA-18 Adjustments of aeral survey data for visibility
anrcraft flown at low altitudes with Intenshwe circling  bias can be made. Samuel af al. (1987) offered a
of shesp or goal groups, Mo atlempl is made to  sightability model for predicting the probability of
carrect for animals or groups of animals mssed  obsenang elk groups during winter aerial counts.
using this technique. since sightability of sheep and  Eberhardt and Simmons (1987) suggested “double
goats & generally assumed 1o be high (Loranger  sampling” as a way to calibrate asrial observations.
and Spraker 1882}, Unforunately, surveys MeDonald el at (19808) in the Arctic Mational
designed to count all the snimals present in an area  Wildiife Refuge (ANWR) and McDonald et al,
often underestimate animal abundance (Caughley  (1980b, 1881) in the Wrangell-5t. Elias Mational
1877) and generally lack information necessary to  Park (WRST) found a significan! relationship
estimate the accuracy and precision of the counts.  bohween group size and the ability of a low intansiy
A major reason for inaccuracies in aerial surveys is  fived-wing survey to detect Dall sheep
the lack of an estimate of the number of animals This study was conducted by the ADFS and
mizsed o visibility bias (Caughley 1974, 1977}, FWE o compana thiee mathods of estimatng Dall

In an evaluasion of the effects of several faciors  sheep and Rocky Mountain goal numbers an the
on the accuracy of aerial surveys, Caughley et al. 800,000 hectare {1.97 million-acre) Kenal Natianal
(1876} found speed, height above ground, the width ~ Wildife Refuge (KNWR) dunng the summer of
of survey strips, and observers had significant 1992 The study also compared estimates obtained
elfects on survey results. Samuel ef al, (1987)  using counts from all survey units with estimates
tound that visshility of elk in northcentral [daho was  made from a simuleied probability sample of a
sgnificantly influenced by group size and vegetabon  subsel of sample units, The specific objectives of
cover, Other studies of visibility bias in aerfal  this study included:
surveys hove roporied alffects from spacies
{Broome 18835), season of the year (Gasaway of al, 1. compara estrmates of the abundance of Dall
1985), sex, lemrain, past exparence with aircrafl sheep and Rocky Moundain goats within defined
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habital in the KNWR obiained by the double
sampling and logistc regression approach
(McDonald et al, 1830a), the Gasaway ratio

lechnique (Gasaway et al. 1886), and the
ADFG standard asrial survey; and,

2. lo simulaie the resulls of a sample survey
wsing strabified subsamplng of the KNWR.

METHODS

Survey Procedures

Wa conducted aenal counts in late June and
warky July 1892 of Dall sheep and Rocky Mouniain
goals on specified habitats on and Immediately
ediacen o the KNWR. We subdrided sazsting Dall
sheep and Rocky Mountain goal count areas used
by the ADFG for annusl populabion trend and
compostion surveys into 27 survey unils totaling
17321 k' (6688 mi ). Boundaries of survey units
consisted of physiographic festures which we
assumed severely limifed movement among units
batween repeal suroeys

Survey units were placed into one of three
strata based on sheep dansity: 1) high; 2) medium;
and 3) low. The high density stratum comained &
units lotaling 478.9 km® (184 mi J; the medium
density stratum contained 8 unils lolaling 448 3 km’
(173.1 mF); and, the low density straturn contained
13 wnits totaking 804.7 km® (310.7 mf). We hased
the stralification on available historical data from
ADFG sufveys andior an overllighl of the survey
areas. Al survey unlts were digitized on the
KNWR's Geographical Information Systemn. Our
study ublized 3 aenal surveys, cach using o two-
person (pilol obserned) coaw in & Fiper PA-18 fined-
wing aircraf. The first survey was a compa
extensive, “stand-of’ survey (0.38 minfkm® (1
mindmi’)) designed lo avoid disturbance to animals
and provide morae safe operating condftions for the
fixed-wing aircraft. The second Survey was a
refatively intensive, “standard™ survey (1.2 minkm’
(3 min/mF)) fown at low alfitudes with intensive
cirgling typical of surveys employed by the ADFG.
The second survey ulilized a different survey crew
from lhe sland-off suvey. A third, “intensie”
survey (2.3 minfkm’ (8 minfmi’)) was conducied in
a randomly selected sample of units. Tha third
Survey wasd conducted immediately following the
sacond sunvey using the same pilol-observar team

We recorded the lotal number of sheep or
goals in cach group and plotted their location on
163,360 USGS topographic maps of the Survey
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units. We determined the age and sex composition
of each group as closely as possible. The elapsed
time between surveys was = 2 hours and we
assumed that animals did not cross undl bowndanes
between any of the surveys

The survey crews flying the stand-off and
standard suveys compared mapped localions and
descripbons of groups mmediately Iollowing survey
flights. The survey crews used proxdmity of map
locatians and age and sex composibon of shesp or
poats to idenbify unique groups obsernved by one or
both surveys. Groups seen by the standard survey
wars considersd "marked”, and these groups wera
gither seen or missed by the stand-off suny.
Dectsions regarding pooling of onginal groups
recorded and marked on maps (o account for
mavement, aggregation, and segregation between
surveys were based on deducthe judgement of the
survey crews, When in doubl, crews used a
consendalive approach (Le, they assumed gloups
wire saan by hoth sunveys) in determining i groups
ware saen by both surveys. Thus, # was unlikely
Tt incidental moverment of sheep betwoen sunoys
resulted in sheep recorded as seen by the intensive
and nat the less inlenshe surveys. This approach
vielded & conservative estimate of the population
e as il lkely overestimated the probability that a
ghven group was delocted during the less inlenshe
suneEYy.
Population  Estimates  Using
Regression

We assumed the standard survey detected a
random sample of sheep and goal groups present,
"maned” their location, and gave an exact count of
numbers present in detecied groups. The stand-aff
survey giher delected or did not dobect the marked
proups, We used logistic regression 1o estimate
wisitility bias inharent in the less intenshe, standall
survey (Eberhardt and Simmons 1987, Samuel of
al 1887). The logiste model consdared anly The
variable group size (McDonald et al. 1990b, 1891)
with a significance level of p = 0.05. The standard
sty mussed some groups seen by the stand-off
surdey, bul those groups did nol enter fhe
calculation of visibdity bias in any way. Standard
errors and sampling distributions of density
estimates were calculated using the Jackknifing
procedure (Manty 1991)

To complate the Jackknifa procedure we fet n
danota the number of primary unis in the sample
and fit one logistic model using data from all survey
wntts in a stratum, We then caloulated the vsibslity
bias, adjusted all stand-ofl sumvey counts and
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estimated the density of Dall sheep. The
calculations were repeated n tmes dropping each
unit from the logistic i one-at-a-fime.
These n+1 astimatas of dansdfy were than used in
the Jackknife procedure to compute n pseudo-
eslimales of densiby:

D,=n"De{n-1)"D,

where D, was the pseudo-estmale of the
population size with one unit dropped, [, was (he
esimatad population size with all unils present, D,
was the esbmate of population size with the kih unit
elrixpped.

Finally, wi completed the Jackknife procedura
by averaging these n pseudo-estimates to amve at
asngle estimale of density, The standard error of
eshimaled density was computed from the variation
in the n psevdo-estimates. The lotal number of
sheap of goats in the sunvey anea was computed by
miuttiphang the Jackknifed assmate of density by tha
iotal area. McDeonald ot al. (1991} describod thae
above Jackknife procedures in detail. Confidence
intervals based on the Jackknile procedure werne
computed as if the n pseudo-valuss are a simple
random sample of size n using the standard i-
distribution with n - 1 degrees of freedom.

Logestic regressions were run on PC-SAS (SAS
fstute, Inc. 1883) using the CATMOD procedure,
VMS SAS (SAS Insblute, Inc, 1986) using the
LOGIST procedure, and SOLO (BMDP Stalistical
Softwars, Inc. 1988) using logistic regression. All
programs gave comparabla results,

Population Estimates Using The
Estimation Procediire

We used the intensive and standard surseys
and standofl and standard surveys lo consiruct a
ratioc eslimale of the total sheep and goats
(Gasaway et al. 1986). The followang formulas
(Gochran 1977, Reed st al. 1989} ware used o
compule the ratie estimalors,

Ratio

Y., and X represented the number of sheep
obsarved in unit | of strata b by the inbenshie and
standard Mighls respectively. R, was defined as:

s Aia
R = %,

X, represented the number of sheep obsarved by
the standard flights in strata h including those units
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which were not double sampled,
The ralio esmator of the tatal for strata h, was:

?J.;

= -
A R.". x."'. L]

The varance of the rato and raso estimatar
were then used 1o amive al an estimate of the
standard error for each siratum. The estimates of
the total and standard enror ware then computed
using the standard formulas for siratified random
sampling from Cochran (1877).

Sampling Logistic
Regression

We simulaied estimates of population size and
generaled B0% confidence intervals, from a
siratified random sample of the low, modium, and
high density sirata using standoff and standard
survey counts. We drew a random sample of n,
units from 12 units in the low density stratum, n,
units from B unils in the medium density siratum,
and n, unis fram 8 unds in the high dansity stratum.
We then corrected for visibility biss using lopisiic
regression bo estmate the number of sheep in each
siratum and the todal survey area. We drew
another sample of the same size in each strata and
repeated the process 1000 Bmes. The standard
deviabion of the 1000 estimates of tolal sheep was
used o compate the "simulated” 80% confdence
interval based on the given sampla size. Sample
siirs wane thon allowed to vary within cach stratum
from a minimum of 2 to a maxdmum of 1 less than
the numibser of units in that stralum, This generated
264 simulabons lar sheap and 264 simulations for

goats.

Simulations  Using

Sampling Simulations Using Ratio Estimates
We used simulated double sampling o
generate ratio esmates (Cochran 1977) of the total
number of sheep in the KNWR for different
sampling intenslies. We generated rabio esbimates
for standoff versus slandard and standard versus
Inense suneys. All hgh and medwm density units
and 5 af 13 low density units wors double sampled
in ihe standard and inlenee surveys, Simulated
stratified random samples of sizes 3 through B, 3
through &, and 4 through 5 were drawn from the
high, medium and low densily strata respecively
The low density stralum had 3 empty units,
prohibiing computation of the ratio of standand and



Table 1. The total area (km) of strata and estimated number and density of Dall sheep by stratum

from counts made duning standoff surveys, cormected for visibility bias using counts from standard
surveys made hth!ﬂﬂﬂiﬂﬂmnﬂ“d“lw 1892
Mo, of units Tolal Total shoop

Density strata anca Dansity
High 8 478.9 1.6860 aov
Medium 18 4483 0.5083 228
Low 13 Bo4T 0.1062 85
Tatal 1738 06472 1200
Jackknifed astimate 0.6432 1114

* Corrected for visibiity bias but not Jackknifed.

" Carmected for visibility biss and mathematical bias by the Jackknife procedure resulting in a standard arror

for density of 008758 and total shesp of 169,

intensive counts for some samples of size 3,
Therefone, the minsmum sample size used in it
siratum was 4. From each sample drawn, a
subsample of 3 units In sach stratum was selected
at random for double sampling. This procedure
was repeated 1000 iimes for each combdnation of
sirala sample sizes. The standard deviation of the
1000 esSmabes of otal sheap was used lo campute
the “simuiated” BO% confidence interval for the
piven sample size for each pair of surveys. W did
not complete matio simulations for goal surveys
bacausa ol the large number of unils without
chsaralions.

RESULTS

The standof! and standard surviys covened ha
same 27 units with an area totaling 1768.7 km'
(6831 mi), During the standoff survey the
observation cres counted B50 sheep in 108 groups
and 410 goats in 72 groups, During the standard
survey the observalion crew counled 1032 sheep in
149 gioups and 458 goats in B4 groups. The
standaff suney cféw missed 57 shesp groups and
33 goat groups sean by the standard Sunvey crew.
Howavar, ihe standand survey minssd 17 sheep
groups and 23 goal groups seen by the standoff
survey crew. During the miense survey the
obsenvabon crew counted 1056 sheep and 264
goats in 189 units totaling 1242 km' (479.7 mi'). The
rabio of sheep and goats seen during the standof
versus siandard survays was 082 and 0.9
respacively and standoff versus intensive was 0.81
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and 0.77 respacively. The rabo of sheep and goats
seen durng the standard versus infensive surveys
was 0.83 and 098 respactively.

The probablity that the standoff survey crew
would sse a group of sheep increased considerably
tp = 0,0001) as group slze increased. We used this
relabionship to adjust the number of Dall sheep
counted during the standofl sunsey for visibslity bias,
resulting in an estimate of 1114 + 222 (B0% C1)
ftotal sheep in the survey arem (Table 1), The
probabiity that the standoff survey crew would soe
a group of goals also increased (p = 0.0168) as
group size incleased, Lising this relalionship 1o
adjust the number of goats counted during the
siandoff sunvey for visiblity bins, we estimated 541
+ 180 (80% C.1) total goals in the surveyed area
(Table 2},

The sunmy crew conducting the slandand
surey conducted the intansive sundey in 19 suivey
units, The intensive survey counted sightly more
sheep and goats (1056 and 264) than the standard
survey (B84 and 260). MNevartheless, dunng tha
intensive survey the survey crew failed fo defect
some sheep and goats seen during the standard
sLrviEy m some units, The medum densaty siratum
had 3 out af 6 units with standard counts graater
than intense survey counts. Using the matio of Dall
shoep and Rocky Mountain goats seen during
standard to intense surveys, we estimaled 1114 +
218 (80% C.1) shosp and 484 + 152 (80% C1)
goats, respectively, Using the ratio of Dall sheap
and Rocky Mountain goats saen dunng standan
and standard suny, wo osimated 1042 = 204
(B0% C.L) sheep and 471 « 158 (80% C.1) goats,



Table 2. The total area (km') of strata and estimated numbar and density of Rocky Mountain goats
by stratum from counts made during standoff surveys, corrected for visibility bias using counts

from standard aunrlE made in Kenai Mational Wildlifa FIE'IHE 1992,

Density strata Area Density Taotal goats
High 4788 0.2090 100
Mediurm 4483 01768 78
Low 804.7 D.4588 370
Total 1731.9 0.3173 S4g°
Jackknifed Estimate 0.3124 541"

" Coracted for visibiity bias but not Jackknifed.
* Comected for visibility bias and mathematical bias by the Jackknife procedure resulting in a standard ermar
for density of 0.0837 and tolal goals of 145.

Table 3. Selected examples of simulated standard error and 80% confidence intervals for
estimation of animal numbers using the logistic model and the standard survey to calibrale a
stratified random sample of units included the standoff survey in the Kenai National Wildlife Refuge
In 1982,

Sample size by
stratum
—shpep shmulatod —Goats simulated,
L' W W c SE cl SE
2 i ) 1028 +/s 447 303 421 +[- 485 3128
2 2 B 1118 */- 187 144 S04 + - #11 301
2 2] 2 1051 *J- 185 280 4.0 [ o 34 314
T | £ 1030 - 382 280 423 # e 214 168
T 3 3 1103 4 254 187 489 &k 175 128
T 3 4 1Mor  «. 206 153 811 /- 168 124
T 3 a 1114 e 176 131 510 & 165 123
T 3 i} 1102 +L 142 106 518 &) 166 124
T 3 7 108+ 122 81 508 L 188 118
7 3 B 1110 «~ 100 TS B2 »k 186 117
i3 (2] B8 1114 /= 1] 0 aid *f- 1] o
"L=low
M = medium
' H = high
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Table 4. Selectad examples of simulated and B0% confidence intervals for ratio estimation of
lrllnll I'HI'I'III'I'I using a stratified random sample of units included in all surveys and using more
urveys to calibrate the less intensive surveys and the corresponding logistic estimation

for Dall I-hLIEil'Ithllhmi National Wildiife Refuge in 1932,

Sample size Standard vs standoff Inensive ve standarnd Logestic
by siratum —wmulated __ simulaled simukated
L' M H 80% Cl 80% Gl 804
4 3 3 1047 #l= 248 1118  +- 283 1103  +~ 270
4 3 8 1044 *[- 128 1113 ¥ 125 1104 +f- 126
4 & 3 1048 2+ 237 1115 #= 232 1113+ 250
5 3 3 1044 & 238 1113 =L 248 1085 + 272
5 3 4 1042 4 108 1112+ 208 1110+~ 218
5 3 5 1042 = 172 M3 &= 175 1111 #- 180
g 3 & j0a2 +- 1580 112 =l 154 1104 #5154
5 3 7 1046 4~ 141 1117+ 1386 1115 == 133
5 3 B 1042 +l= 118 1113 LEE 118 1112 #- 108
g [} B 1052 - 104 1117 - B2 1116 #fe 67
—
L = low
M = medium
*H = high

raspectvely. The point esbmates and pracsion of
the logistic model procedure (1114 + 222) and ratio
procedure using standard and intensive counts
(1114 + 218} wore essentially dentical. Both
esimates were higher than the rabio esmate using
standolf and standard survey counts (1042 + 204)

We estimaled 8 mindmim number of shaop
and goats by combining counts of independant
animals from the standofl and stendard surveys.
The standard surviey crew counted 1032 sheep and
458 goats and missed 65 sheep (17 groups) and 49
goals (23 groups) cbserved by the standoll crew,
Bazed on these counls we concluded thal a
milnlmum of 1087 shedap and 505 goats astsiad IR
the surveyed area af the tme of the standofl survey

The standoff and standard surveys included an
inventory of all units within the study area. By
drawang a karge number of sirabifed mndom
samples of counts made during these hwo suveys,
we simulated estimates of sheep and goats which
could be expected using the logstic model If the
surveys sampled only a portion of the units, Table
3 providés an sxample of the results of thesae
simulations.
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The bicadest confidence intenal was obtained
with the minimum sampla s&e in sach stratum (e
NNy 8ndn , =2). The narowest confidence
Interval was obtained with the maximum sample
size m each stratum (ie.n, =12, n, =5, and n, =7)
Poinl esbmales bolth increased and decréased
whan sample sizes increased. Increasing the
sample in any stratum improved the precision of the
pstimate. The simulated confidence intervals may
be used o compare the expecled precmsion as &
functien of the cormespanding sample sizes. This
may help in choosing a sampling stralegy for fulune
studies

An example ol population estimates and
confidence intervals obtzined by simutating double
samping and ratio esiimaltes are contained in Table
4, We used simulations lo cormect the standard
suney counts using the infensive survey counts and
standoff survey counts using the standard survey
counts, These estmales were comparod to
eslimates and confidenca intervals generated using
the logistic model for estmabng the vsiblty
earecton factor gencrated in simulations. A todal
of 48 combinations of strala sample sizes Was



possible,  With small sample sizes the ratio
estimate, rogardless of surveys compared,
appeared more precise than the logistic model
estimate. However, as sample size increased, the
precision of the logstc model eslimate improved to
thi point of cxcaading the apparont precision of the
ratio estimators. In all cases the logistic model
gstimale of sheep and goat numbers exceeded the
estimate derived from the rafio estimator.

DISCUSSION

The intensity of the KNWR standoff (feed-wing)
survey (0.38 minkm?; 1 min/mf") was greater than
the standofl (fxed-wing) survey in the WRST
surveys (0.21 minfkm®; 0,54 min/mi’) reducing the
likelihood that sheep and goats would be missed by
tha KNWR standolf survey. Neverthelsss, the
glandofl and even the much more inlense standand
and intense sunseys conducted during our study
missed sheep and goats. Dur resulls illusirate thal
sheep and goat esimates based on the relafively
intense standard survey used by the ADFG, and
ovin vary infense saral surveys may be improved
by adjustments for visibility bias.

#As in the other asral surveys of Dall sheep
using double sampling and logistic regression
MeDonald ot al, 1991 and McDonald of al, 1990a)
group size emerged as a significant vadable
axplaining visibility bias for both sheep and goats
Correclions lor wisibilty bins using the logistc
regression model and the rmalio esliimabion
procedurs resulted in essentially kenbcal pomt
esiimates and precision for sheep and goats whan
using siandard and intensive survey counis
Howorvar, this & not since these 2 suneys
missed few sheep and the data are likely biased
because the same crew conducted both suneys.

Whan comparing the 2 methods, & seems maora
appropriais to compars estimales made from thi
sunveys using the independent standofl and
standard sunveys. The point esfimate obtained with
thm rabio of standolf and standaid counts = lowar
than the menmmum numbear of sheap knawn bo be in
the study area, The point estimale obtained with
e logslic estimalor @ slightly higher than the
minimum estmate and likely mone realisse. The
ratio and product estimator appears 1o be a béased
underestimate of size, as could be axpecied since
ralio  estimators  typically  confain - some
malharmabcal bas

We also feel the varance estimator for the
lopistic astmatsr for bath sheep and goal & more

appropriale. Several faclors associated with the 3
sunys may have contributed to the lower varance
of the ratio estimator. First, the intensity of all 3
surveys resulted in relatively few sheap being
mssed, For example, the standofl survey, the least
intensive effort, missed less than 20 percent of the
sheep and 10 percent of geals of the total seen by
the standard survey, This similanly m counts
resullad in a ratio bebween any 2 sunsy counts (R
approaching 1. Second, in the logistic procedure,
area s used as an awdkary vanable while, for the
ralio estimator, equal unit size is assumed, even
though uniis are of different sizes.  Third, the
formulas for caloulation of vardance used with the
rao estimetor assume independent counts,
hiowevai the counts made in i doubla sampling
design are dependent.

The standoff and standard surveys covared all
unitz. However, @ may be desirable o sample
populations rather than survey all  units,
Simulations using logisic regression and rabo
estimation provided an indication of the affect of
sample sire on suney results. Whila incraasing the
sample size in any stratum improved the precision
of the estimata using both estimaling procedures,
increases in sample size wilhin the medium and
high density sirata had the greates! effect on
precision. As with the point estimates the ratio
estimator appeared o have a lower varance, The
above reasons offared for ths réduced vanancs
alzo apply 1o the simulations. In addition, in cases
whare the standofl survey actually counted more
sheep and goats than the standard survey the point
estimale and varance would be artikcally reduced
Ewan with the bias likely in calculating the preciskon
of the raio estimate the logistical model provides a
more precse estimate of animal numbers with
larger sample sizes.
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