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AERIAL SURVEY AND DALL SHEEF POPULATION SIZE: COMPARATIVE
USEFULNESS OF EXTERNAL AND INTERNAL POPULATION DYNAMICS FOR
MANAGEMENT PURPOSES
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Abstract. Survey flights over Dall sheep (Ovis dall) ranges are the tradibonal and lypical extent of
populaton data collection for thes species in Alaska. Many factors which introduce vanabality in these aerial
surveys have been identified, and managers have oftan been refuctant to act based on thase vaguely
vanable data. Development of stastical technkpues to place bounds about Dall sheep population estimates
offered some hope for greater confidence in Dall sheep survey data. However, the promise of these
technigues is yet to be realized in Alaska. In the confext of praciical management, stabistical confidence
in the vahdity of population estimates = of sscondary importance 1o the fact that sven the best serial
population size estimates fail to elucidate intemnal populaion dynamics. The internal dynamics of
compasition and mortalty affectively pradict or explain fuciuations in populaton size and realizable
hanvests while total population estimates simply reflect changes which have already taken place. Even
given accurate annpual population estimates with stafistically valid confidence limits, total population
eslimabon techniques chronicle pas! population changes, and track them with an accuracy which is barely
narrovwer than the recorded range of population Aucluatians. This paper demonsirates the efficacy of using
internal dynamics from previously publshed data, and discusses the disadvantages of sirict rellance on
aural survey data for mansgemant purposes. Recommendations for improvements in population trend
assessment are offered.

Ideally, modam management of wild mountain  factars i5 the cholce betwesan fved or rotary-wing
sheep for maxdmum sustained use would be based  alrcraft. For Dall sheep in Alaska, expanence
on detsiled knowledge of the size and internal  defined the Piper PA-18 Supercub as the akrcraft of
dynamics [production, récrslment, age structure,  choice more than 20 vears ago, bul sporadic efforis
and agelsex-specific mortality) of the shesp 1o dévelop helicoptér use for sheep survays still
populasons baing managed. Histonically, these data  continue. Onca aircraft fype has been chosen, a
hiave been generally considered unobtainable or  hierarchy of factors affecting data quality becomes
prohibitvely expensive to gather, As a result,  operative

managers have “made do”® with less specific These factors range from those which are
infarmaton, simple esBmates of population size and  cléarly controllable through those that are
trend samewhal manageabls to faciors beyond direct

The dominant methodology for gatharing sheap  control of the manager. Controliable factors inchude
populaton size and trend information throughoul  aircraft type and survey intensity (ime spent per
North Amerca has been aerial survey. In most  area), Faciors which are somewhal manageable
cases, sendl estmales of populabon size have include pilot and cbsener exdpenence, level of pdol
been used to define populsion trends. Where offort. observer onthusiasm/attitude, and faciors
population size has not been considered definable  which are negotiable with the aircraft pilot (eg.,
by merial survey, shesp managers have “seitled for”  flight speed, asnal tachnégue ralating to fght routes
indices of population trend such as minimum  and terrain, lighting aspect, and distance above
numbers of shesp seen, sheep seen per howr of  ground  evely). Factors which are vrtually
siinvey @fforl, trend m nismbser of apimals harvested,  unmanageable include wealther, ighl conditons,
Of range use indicatars. and shesp detribubion among habidals where sheep

Agrial survey and census of wild mountain  are easier or more difficult to see. Finally, the
shoeep ate dominaled by factors which introduce  composite effect of other work schedules and
variability to thi results. The most basic of these  prionties must be balanced with relatively narow
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meteorological and biological “windows™ during
which survey conditions are ideal.

This consdraint often necessitales compiomises
among the hierarchy of factors listed above,
resulting In less-than-keal survey condiions and
mhlm further questions aboul the varity of resulls.

docisions by the sheep manager
lndthuu invelved in the management process at
higher organieationsl levels. The resull & thal no
one i compelled to bakeve any 2 aonal sheep
counts are truly comparable or that thay accurately
represeni the biological sliuation with respect 1o
population size or trend

In additicn 1o the nhefent vanabdity just
decussed, counting  maethodologies  include
counting as many sheop as possible while Mying in
the mountains, counts with Agorously-defined fight
paths and search Intensiies, the use of marked
animals to define discrete poputabions and survey
efficiency, and elaborate statiscal sampling
schames and bismatric analysss. This svolutionary
spectrum of technigues resulted from incramantal
efforis to increase the credibilty of aerial survey
resaits. Stabstically driven sampling schemes have
bhean the most recent and high-profile efforts to
increase this credibility,

The biostalistical approach io increasing the
crodiblity of & single population ssimale produced
by an aocral survey has required gensration of
slatistical vanance within internal subsets of the
survey data and using this varance o caloulaie a
confidence interval about the estimate, In essence,
his procedune predicts the precision of a theonebcal
=ample of popilation astimates which walld result
if the survey could be replicated. To date large-
scale surveys have been impossible fo replicate
because of ther expenss ard the facl thal the
uncontrollable warables listed above préciuda
survey duplicaion. Small-scale repeat surveys with
high precision were reported by Michols (1978). bul
this tachnique s not been widely applied.

In =pite of the difficulty in establishing the
accuracy of these procedures, considerable effod
has gone into development of statistcally bounded
single population estimates for several Dall sheap
populations in Alaska (McDonald et al. 1880,
Strickiand af &l 1992, Stickland o al, this
symposium). While progréss has baen made In
placing confidance intervals About the individual
shoop population eosiimates, some estmates,
parbcularly those n the Wrangell Mouniains
(Strickland et al. 1992), seam implausibly high

, developmental work on This lechnique
has shown fecal constrainis limil the practicality of
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namowing the confidence nlerval lo less than
approxmately plus or minus 20% of the estimatad
population size at the 50% lovel of confidance, the
typlcal measure of precision

if the deal dats sel for madmum sustained
yield management should include not only
Pﬂli'lﬂﬂﬂﬂ size bul alse measures of intamnal
dynamica of the managed population (defined
garier), & complete survey and inventory prograim
cannol be limited to aerdal populalion esimales.
This paper defines the differences in managemaent
uliity belween axteinal population dynamics
{dervable from aerial estimation of total populabon
size) and |nternal population (as lislod
earter). Addiicnally, results from 2 Dall sheep
monitoring programs in Alaska will be comparned,
One program focused exclusively on annual acral
surveys. The other program also monitored internal
populslion dynamics and checked the predicted
changes in population size based on thess
dynamics agains! exiernal population dynamics
dorived by & repeated aorial survey,

METHODS

External Population Dynamic Monftoring
Extarnal dynamics of sheep populations in the
Chugach Mountains ware monfored by annual
survey flights from 1976 through 18983, D. Harkness
maxmizod efforts to Bmil vadabdity o dala
collection, In July of each year, the same highly
axperienced plolobsener team, B. Wiedarkehr
and D. Harkness, canductad the survey using the
same arcraft (a PA-18-Suparcub), Survoy intensity
(ime spent In the area) generally was consisient
fram year o year &l about B hours of thghl b
{=0.75 mindkm’ [2 min/mi]). Aefial technique also
was consistent over the coursa of data collection
During those sunvoys, the numbor of Dall shoep
counted was recorded, with shesp idenbified as
lambs, ewe-like sheep [(which include owes,
yenthngs, Bnd young rams wiich stil ook like swes
whien viewed from an airplana), and rams aof legal

fire depending on applicable reguiatory definition

ntegrated Population Mopitoring Using nternal
Population Dynamics

In Juiy 1880 an inikal ewe population size
ostimalo using owes marked with neckbands 1o
pssess obsenvabilily was generated for the well-
defined shesp ranges in the Robertson Rivar sfudy
area (Heimer and Walson 1886a). This estmale
wat basad on inlense seral searches (1.5 minfkm’



[4 min/m€]) using a PA-18-150hp Suparcub with &
highly expenenced pilot'obsenver team - B. Lentsch
and W, Haimes). During this census, sightability of
ewe-lke sheep was established at 76% based on
resighting 48 of the possible 63 marked ewes
présent in tha count area. Tha number of swe-like
sheap was cormectad for ewe-like sheep-nol-sean
by expanding the lotal obsarved by the proportion of
known marked ewes sighted,

The actual number of ewes among the
eslimated number of ewe-ke sheep was
calculated using ground-based observations of
populalion composition. Sheep were classified as
lambs, awes, yearlings, and rams of Classes |-V
(Geist 1871) using 8X binoculars and 15-80X
&poting scopes ot distances of less than 33m (100
yds) al the main mineral lick in the study area
during the last 2 weeks in June. Mortal®y amaong
marked ewes was calculated from mineral lick
regsightings over the pext 4 years (Heimer and
Watson 1886a). These dala were used to elucidate
the effects of inlemal dynamics on ewe population
size. They were antered into a simple (yearing
recrufment “in“ews mortality “oul”) model 1o
predict the fnue ewe population size prior lo a
second aenal count scheduled for July 1984,

In Jume 1983 and 1984, trapping and marking
resumiesd using established methods (Heimer 1974,
Hedmer af al. 1280), and resufted n 74 marked
owes (including same yoarings) presant in the
population for the 1984 aedal survey, The 1984
aerial survey duplicaled the 1880 count as exacly
a% possible, includmg the same awcrafl and
plotiobsarver team, search intensity, flight routes,

and markesighting methodology

RESULTS

External Population Dynamic Manitoring

Mumbors of owe-like shoep, lambs, voung
rams, and legal rams were recorded for each
aurvey (Tabde 1),

integrated Population Monitoring Using Internal
Population Dynamics

Im 1980 resighting of V8% of the known
neckband-marked ewe-Bce sheep in the population
dunng an intense aanal search of the areas was
used to produce a population estimate of 588 awe-
like sheep, Lhsing reconciled aenal search and
ground composition data, the ewe population was
calculaled to contain 456 true ewes {of which B3, or
13.8% were marked) and 132 yearings of both

soxes. Hall of these yearfings (66) were assumed 1o
be fernales so the midsummer ewe population was
estimated o be 522 ewes of all ages.

Beginning with this ewa population size, wsing
the internal dynamics of the ewe population as
input, tha population model predicted a mid-
summer 1884 populafion size estimate of 550 ewes
(Tabée 2},

Obserdation of 62 of the possible 74 marked
awas during the aenal count of 1984 produced a
sghtability comecton factor of 0.84. When
reconciled with ground com n data from
spring 1984, a corecled population size of 530
ewes was calculated, indicating we marked
approdmately 13% of the ewe population,

The population of 550 ewes estimated from
agrial counling in 1884 was identical to the
population size predicied from the population
miodel,

DISCUSSION

The tradiional asnal survey approach to Dall
sheep population inventory should be recognized
#% a compiomise bebween heving no dala and
having the complete data sef required for
information-based management. Prior (o the
biological discovenes and technological advances
which allow insight into internal  population
dynamics, aaral sunvey of almost any type was the
most attractive alternatve. It became the standard
technigue, and éventually the tradiional one.

Aenal survey or population astimation sarves
best when rigorously pursued each year. Haimar
(1902) argued that population trend cannot be used
reliably without annual assessment becauss “noiss”
caused by varialions in emsronmental resistance
from yoar b year may falsaly indicats tend (o
stabiity) if population assessmants ara intermittant.
The data in Table 1 represent the most
outstanding sxample of asrial sunvey consstency
available in Alaska, These data indicate a perod af
stabiify ol about 1000 sheep (1976-1878), a period
of growth (1979-1688), and a pericd of stabiliy at
aboul 2200 sheep (1088-present); the population
appoars o have doubled in size since 1979, During
the mcrease, the number of ewe-like sheep
counted mcressed from aboul 600 1o about 1250,
There s no doubt more sheep have becn seon
during later counts, bul the cause or causes of
these higher counts are unceriain. Possibilities.
ranging from an actual population increase with r =
0.09 {which s theoretically possible) to increased
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Table 1. Game Managemant Unit 14C (Chugach Mountains) Dall Sheep Survey Data 1976-1383

courtesy of D. Hllhll“lﬂllhl Department of Fish and Game. =
Ewe-like Lambs-100
Year sheap Lambs owe-like sheep  Young rams Legal rams
1876 G0og 130 £1 152 as
1877 621" 21 = = 34
1878 596 135 23 141 BB
1978 514 161 21 143 a5
1980 740 182 25 1T 70
16881 820 238 28 151 B2
1862 BET 183 20 231 3
1983 1006 84 28 282 118
1684 1048 as7 34 265 168
1985 87e 284 30 288 138
1588 1208 358 30 329 172
1087 1228 is2 29 427 162
16588 1218 334 27 ara £04
1888 1355 347 28 50 214
1560 224 259 21 440 218
1961 1228 410 33 416 228
1092 1324 144 26 419 235
1993 1200 258 2 360 203
* Poor counting condifions,

*Young rams includoed with ews-ike sheep dua to poor counting conditions.

Mote: Prior o 1979 legal rams were 34 curl, from 18781988 legal rams were 7/8 curl, from 1988-1953
any shaop was legal. In this tablé rams recorded as legisl ffam 1980-1893 wara T curl ar larger.

Table 2. Ewe population sizes, female yearfing recrultment and overall ewe mortality for Dall sheep
in the Hobertson River area of the Alaska thr 1980-1984,

=t
Summer ewe
End of winlar adull  Yearbng ewe reciulmant population Winler evwe mortalily
Yioar awe papulation from previaus year siFe % (yaars)"
1980 458 adults + 06 yearling ewes = 522 ewes 0% (1880-1881)
(from 1878)
1881 522 adults + B4 yearling ewes = 606 ewes 22% (1881-1882)
(fram 1980) (=133 mwes)
1982 471 adults + 85 yearling ewes = 558 ewes 2% (1982-10283)
{fram 1981) (-12 ewes)
1983 546 adults + 38 yearling ewes = 584 pwes 17% (1983-1584)
(from 1882} {-99 awes)
1964 485 ndults + 65 yearkng owes = (from 550 owes

1983)

* Calculated by multiplying hall of yeardings: 100 swes mba by tha numbar of hundreds of ewes (Heimer
and Watson 1888a),
"Calculated from resighting of collared ewes at mineral lick (Heimer and Watson 1888a)
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counting skills by the plotobsarver team, could
account for the increase.

Unforunately, because of the absence of
yearling recruitment, age struciure, and morality
data, these possibilities cannot be fgorously
evalualed. However, an actual population sire
increase based on the lambs: 100 ewe-like sheap
ratios appears (o be improbable.

Calculaton of the ambs: 100 swe-like shesp
ratios far the panod of early stability (mean = 25
lambs 100 ewe-ike sheep), populaton growth
(mean = 28 lambs 100 ewe-Bke sheep), and
slability at high population (mean = 26 lambs: 100
ewe-like sheop) roveals a ramarkable stability, This
level of lamb production (an overall mean of 27
lambs 100 ewe-like sheep, range = 20-34) would
scarcely be adequate fo support maore than
population mainlenance in other areas of Alaska
{Heimer and Walson 1988g.B). I the increases in
sheap counled accurately reflected an increase in
poputation sire, modalty from countable-aged
lambs through oid-aged ewes mus!t have been
consistently lower than ever recorded in a pristine
ecosystem.

Lise ol simple Lotus mpubioutpul simulation
indicates the population increase bebween 1978
and 1988 would have requirsd intermal dynamics
equivalent fo those [Eled below:

1. A constant recruitment of 40 yearlings:100
producing ewes (gven the estimated number of
wwas of reproductive age caloulated from typical
composion data for growing sheep populations by
Heimar and Watson (1888h) and the approximalaly
800 ewe-like sheep countad at the and of the aarly
slable period),

2. A constant mortality of 3% or less on all age
classes of ewes from yearling age through age 12
yaars during the growth paniod, and

3. Fow owes survive past thair twelfth wintar

These condifions would be unusual. Seldom
have single-year yearing 100 swe ratios been
recorded at 40100 in Alaska, and it s certainly
impossible fo average 40 yearlings:100 ewo-like
sheap with a mean lambs; 100 ewe-like shaep ratio
of 27100 with liflle o no ewe mortality,

Measured morality among ewes under age 9
averages 3% per year under normal conditions on
ideal continental ranges (Walson and Heimer
1984). Once ewes exceed 9 years of age, morality
increases to an average of 50% per year (Heimer
1973, Watson and Heimer 1884, Helmer and
Watsan 1988a). It & not unusual for ewes older
than 12 years o produce lambs {Heimed and
Watson 1988a), Stll, production of Iambs recorded
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in Tabla 1 appears inadequate fo produce the
observed population growth. Thi consistancy of the
lambs:100 ewe-like sheep ralios throughout the
survey perod, coupled with 2 perods of stakility on
aither side of unprecedented growth, suggests
gither emigration or a dramatic increass in survey
area or efficiency during the 1878-1988 period.

HAorial monltoring of shoep populations, along
with the besl possible aerial sheep classificalion,
does not provide sufficient data 1o answer Bislogical
guestions, Even il these population estimales had
relatively narrow stalistical bounds, the data would
sill prowvide na clué &5 o how the méasuned
increase was achisved,

in the Chugach Mountaing where these dala
were galhered, no biological harm resulted from
this failure to account for or offer a hypothesis to
explain the population increase. That is, the existing
sheep managemeni program  was  nof
compromised because these populations are
managed under a resincive perm#l  system.
Conversaely, a greal deal of management banefil
accrusd as a result of these annual Survoys
because the public was content with the level of
elfort on the parl of ils managers. Furthermore,
other user-focused benefils resulted from the
suveys as hunling opporunibes were shared from
MANSGETS 10 Usars.

However, in a more typical management
sumAbion with maximum sustained yield hanost as
the management goal, determination af the cause
{parficularly i low morality) could have made
cropgang of ewes an unusually atiraciive option in
the absence of normal enviionmental resstance
Without biological insight to the mechanisms of
internal population dynamics, such managsmant
actions can be implemented only at high risk.

In conlrast, he milsgrated population monioring
pragram using aefal papulation estimation along
with data on the internal dynamics of the monfored
population produced remarkable  agreement
betwean predicied and estimated population sizes
oWer a 4-year pericd in shaep populations of the
Alaska Range, | caution the reader against the
inferance thaf the technique = without emror. Still,
the remarkable exact prediction of the ewe
population size suggests use of intarnal popuiation
dynamic daka to pradict extermal population sizes s
workable, The fact that 2 major population
adjustments took place during this period furher
sugpests the potential predictive power of this
procedure. The mome stiking fuctuation was
associated with the unusually difficult winter of
1881-1982 (Watson and Heimer 1984), Mortaly



dunng this winter centered on old-aged ewes which
had aiready cxceedod normal life expectancy.
Because this internal dynamic was understood, the
22% decrease in ewe population during winler of
1881-1282 was inferprelable as a narmal
papulation adjustment, koss of Tlingerning™ cohorts of
old ewes fram the populaton, and nol @
catastrophic population crash. Management was
simplified by this knowledge.

Annual assesasment of population compasiion
allowed accurate prodicton of a relative scarcity of
mature rams 7 years afler the low yearing
recruftment of 13 yearlings: 100 owes in spring
1883, even though the lamb production had been
nominal (29 lambs 100 ewes) in spring 1982
Hareest from this count area is consensathvaly
managed for trophy production by & Emited antry
lottery permit for full-curl (or 8.year-old) rams.
Consaquently, unexpectad fallure o mest an
antcpated harvest goal T years later with attendant
hunier dissatistacion was precluded, Nevertheless,
benafits accrued to bath managers and the hunters
because hunters wers aware of the likelihood of
slighlly decreased irophy ram abundance before
going afeld in 1890. Becausa of constant prosancs
of managers in the field and the intermittent aenial
seveys, dentical ancllary benefits produced by the
oxclusive asral monitarng of external population
dynamics in the Chugach Mountains were also
produced by the integrated program.

This companson suggests the integrated
program s equivalent 1o simple asnal surveys for
praviding benefits for managers and users and
supanor for answernng biotogical questons. This
should not be surprising, it has long been
undersiood that variafions in cohot size will affect
sge structlure (Murphy and Whitten 1878); and that
older-aged cohats ane maorne vilnerable to maortality
during difficult wintars (Watsan and Heimer 1984).

Sill, the questions, “How much infarmation s
neaded?” and "Can wa affard o gather 177 miust be
asked. I management needs are Emited 1o
maintaining a visible presence as acive managers
ol monitored populations, the tradiional aerial
sundey program may suffice if human costs are not
8 consideration (see subssquent discussion).
Sirniladly, if managemani ohjectives do not fecus an
maximum sustained wield fo oftain  hanest
objectves which may be compromised by
cccasional produchion or recruitment failures or
unexpectsd mortality, aeral survay may be
sdoguate. However, i sccurale blological
monitoring to predict harvest or adjust regulations
for quanbfiable managemen! objecives s
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desirable, or if increasing biological knowledge is an
objective of management, the integrated program
will be more benahicial

In spite of the benefits produced by monitoring
extemnal populaton dynamics, we should recognize
that even the maost sophisticated, accurate siatistical
sampling schemes can only provide mote
confidence in mdvdual population estimates based
on menal suvey data. Deciding whether this
confidence ks warranted requires examination of
basic assumplions concerning precision and
accuracy. As presenily concelved and pracliced,
statistically bounded population estimates provide
a lheorelical inference of precision but no
assurance of acouraty.

Precision defines the conaistency of repeatable
measurements, bul does nol necessarnly assun the
sof of precsss measurements is accurale - only that
the measurements are conskstent with each other,
In their quest for accuracy, it seems that sheep
managers and biomelricians have assumed that
measuremants with an acceplably defined level of
precision (90% confidence) will be accurate
{Strickland et al. 1892). That is. biologists seem to
have assumed thal accuracy s a function of
precision.

There & no assurance this assumplion s
correct, and the incredibly high population
estmatas for the Wrangell Mountains (Strickland ol
al. 1992) rese sedous quesions aboul thedr
accuracy (although they are acceplably precise).
Stll, the assumplion B understandably aftractive
because s converse ks, by definitian, true R IS
mathematcally carain that high precision is
penerafed by repeatedly making accurate
measurements of stable parameters. Hence,
precsion among measurements ik a funchon of
measurement accuracy i the measured parameber
is static. Al the presant imae, thens s no actusl nk
batwean the Iheoelical precesion projected for an
astmated Oall sheep population size and the
acouracy of the populaton esmate, In the jargen of
remote sensing, we would say, "There is no "ground
truth’ for aedal survey data.”

The lack of verificaion that bounded population
astimates are accurate becomes disconcerting
whan wa recall the assailability of Dall sheep count
accuracy was the reason for development of
slalistically acceptable aeral sampling procedures
in the first place. Theae circumstances define a
curious relatonship bebveen percelved and actual
accuracy, a relafionship which managers may
profiiably reconsider.

Additonally, managers

should  mecognue



inherent varnabiiity in sheep population size fram
year to year may exceed the projected resolution
capability of the stalistically bounded populaion
estmate, Giwen thal vanaions in Dall sheep
populations of 20%-25% (Walson and Haimer
1584, Halmar 1982) can be independent of long-
tmrm population trend (Heimer 1862) without
sonous managemenl consequence, it sesms
unlikely tha! confinued statistical refinement of
marnal  populaticn  esbmation  lechnques  will
realistically meet managemeni nesds. If sheap
populations vary by plus or minus 20%-25% withaut
séwers  managemenl conssquences, the
managemeani relevance of a wvery expensie
lechnigue having a 80% chance of documenting
changes, which must be greater than plus or minus
20%, = unclear. Henoe, the gueslion of whather
accuracy & a funchon ol precision or vice versa
becomes mool because inherent varabilty n
population size from year to year may axceed the
resolving power of the lechnigue at any ime.

The best we can hope for from biostaBslical
approaches to population esfimabon is an accurate
[or perhaps precse) chronicle of  extemnal
populalion dynamics and longerderm  frend
providing that population esfimates are made with
sufficisntly high frequency. Even if such estimales
ware affordable and hence avallable, they do nat
hold the prommss of allowng managers o
accurately anticipate population changes which will
affect fulure harvest success, changes which are
cortain fo resull from the infermal dynamics of
sheep populations.

Each approach has ils unique costy. Monfaring
oxtemal population dynamics from aircraft roquires
relatrealy large investmaents of operatonal funding.
particularly il biologists use helicoplors. Agral
survey also cames a Wile-recognized human cosl
Flying in mouniainous ferrain s dangerous and
lakes a surprisingly high lell in the es of
managens and pllats.

The proceadings of this ium list sinca
1870 the deaths of Jim Enckson and his pllot {fixed-
wing Dall sheep survey-Alaska); Harold Mitchell,
Wesley Pradiger and their pilot (helicopter baghomm
work-British Columbia); Orval Pall, his pilot, and
anithed obrsarer (feced-wing bigyharm
radiatelemetry-Albarta). Ofher sheap and goat
managemeni-related deaths of which | am aware
inchrdo Spencer Lindarmian and his pliot (ed-wing
goat survey-Alaska) and the deaths of 10 others
angaged in aerml searches for missng biclogists.
These 20 deaths (and perhaps others) have taken
place during the las! 24 years. To be coldly

mathamatical, these data ostablish an average
death rate associated with aerial counting of sheep
and goats of 1 human life every 14 .4 months. The
hazand of fiying near mountaing i further illustrated
by the even greatar number of deaths among
guides and huniers who also use aircraft lo search
the mountaing for sheep and goals.

In contrast to aeral survey, the integrated
program i less harardous and roquires scant
operational funding bat lavish expenditure of time.
if professional managers were to spend the
requisite amount of ime on the ground with sheap,
salary costs could excead those of fied-wing
surwys, and porhmps approach those of helicopter
use, However, | have had success Bmiting salary
expenditures through the use of voluntears in
caplure operations and ground-based data
gathering. There have been minor injuties
associted with sheep capture, but the human (and
scaly cosis of ground-based methodology have
been insignificant compared with aenal efforts
Some asifal suney s enavoddabia in the integrated
program, but the quality of information and the
reduction in time spent al risk while fiving in the
mountaing increases the benefits associated with
the calculated nsks of the required aeral counting
lo i acceptable levela
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