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Abstract: We conduciod mark-resight sarveys using 50 radio-collsnod bighorn shoep (Chis canadernris) dstibalod scross
three miercomnecied sebpopulations in the Kenosha snd Terryall Meaniaine, Coloesdo, Populstion size of the Kenosha
Moundnins mebanit was estimaied hased on data from 2 helicopter ights using both the joint hyperpeometric manimiam
Ikelibood estimstor (HE) and Bowden's estimator in the program MOREMARE; populition size of the Tarryall Moustams
subuinil was estimated besed o dats froen 1 helicopter Mights usng JHE. We ohserved elose betweem the 2
csiimators o the Renosha Mounising: populsion caimates (0% confidance imtervals) wane 97 (87-1 15) wsing JHE end
B (B0 1 £ wening Boveden's estimator. [m the Tarmyadl Mountsins subunit, JHE provided & population estbmsie of 148 (136.
[54), The dalferemes n sighbing probability behwom seoees spproschad stgmbicancs (P = 0.074 and 0.013) with sghtmg
probatilities for marked ewes (0.9 and |0 n = 10) being greater than for marked rams (0,5 on both occasions; n= 6}
Sighting probabilities did nol vary over ocestions in the Kanosha Moumtsing subunit (0,75 and 0.81) (F =067, bul d&d vary
in the Tamyall Moongains subait (0088, 0,32, 0.65) (£ < 0.0001) We conclude that sighting probabilitics for bighom may
e similar ver sighting occssioss in alpine and adjscent subniping habitsls, bul may very widely @ limberod habitats,
Thocaee Bowdan's estamator allows sighting probabilitics io vary smong mdividuals asd with fectors like vegeistion oover,

W Fecairinemd Ha use m Enalyzing mark-resight dats (o estisnate bighom sheep popalations in timbered habitals,
Keywords: (Chis caradenrin), populabion estimation, mark-resight, sighting probabilitics

Population size estimuies for bighom sheep vary
greaily in reliability (Bailey, 19900, Bighom are nor-
mally found in stecp, nagged termain that is often associ-
niod with limited haman sccese {Geiet 1971). Az a
reaull, bighom censuscs arc cxpengive and ime con-
suming. In addition, bighom sheep population estima-
tion has ot received as much anention as foe deer and
elk. As & resull, most bighom herd estimates have
been based on mpressions (Bailey, 19909, counis with
ne mdj matmenis foe sightability (Cook et al, 1990,
Bodic et al. 1990, Karasek et al. 1992), and counts
with some standard adjustment (1 3-33%) (Skjonsherg
1988, Oeorge anpubl, data),

Recently, metheds using marked bighom 1o
estimaty the proportion of popalations that were
missed on helicopler surveys have been used 1o esti=
maie bighomn populaticons. These methods have in-
chuded mark-resight surveys (Leslie and Dooglas 1979,
1986, Remington and Welsh 1993, Neal et al. 1993} in
dicsert and foothills habitats, and a sightability model
{Bodic et al. 1995) for canyon habilsts Many bighom
herds in Colorsdo are found n mountain habitmes with
canopy cover where mark-resight surveys have not been

applicd and Bodie gt ol (1995) did not recommand
using their sightability model.

The bighom berd in the Kenosha and Tarryall
Mouantaine wees both open and timbered habitsis.
Histoncally, populaticn estimaies have been based on
counts of sheep at bait silcs, fickd pereons’ judgement,
and mterminient fenimer proand counts kn the Kenoghs
Mouwntine Recently, helbcopier conmte have been pesd
in the Kenosha subpopulation to obdan manimum
population mumben and were adjusizd upwoard for 8
propalation estimate of 100, Dunng ibe sams tme
period, some field persons vosced comcemn thal popabs-
tion sz of the Tarrrall subpepulations was overesti-
menled.

Concusrent radio-telamssiry studics in the Ken-
shin and Tarmyadl Mountains provided the opportunity to
comduct mark-resight invenlories. Char objatlives were
por: 1) estimane bighorn population size wsing mark-
resight surveys; 1) compare sighting probabilities of
marked bighom among sexes, sighting occasions and
subuniis; and 3) compare 2 population estimators’
performance and complinmce with their respective us-
Eumipicns,
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took specinl interest in this project and contnbuled in
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dock, made shoop capture go smoothly with & minimum
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for helicopier time.

ATUDY AREA

The study ares was located in Park Coungy in
ceniral Colorado (397 N, 1058° W), We divided it inio
2 subunits which incladed all known and sespecied
ranges of 3 bighom subpopulations. The Kencsha
Mountaing (KM) subunit was spproximately 65 km’
and coninined | subpopulation that ranged in the Ken-
oaha and Platie River Mountaine, and N, Teryall Peak
mea.  Elevation ranged from 2800 - 3 800 m.  Big-
hermns were primiarily foed on alpine tundm and on
maxed graas slopes imerspersed with bristlsons pine
(Pieier grispare), Doogles fir (Prendoinga mensiesil),
pondierasa pine (Pinus ponderosa), Englemanm spruce
(Flega enplemannii) acpen (Fopelur feemudoddes) and
rock outerops, Wilows (Sells spp.) and large stands
al eanifers were uead secasionally. Haeaps spver son-
sisted of rock outcrops that seldom exceoded 100 m in
wertical relicl

The Tarryall Mountaing (Th{) subunii, was
approxcimately 130 km', abutted the southeastemn
boundary of the KM, and contnined 2 bighorm sub-
populations, Topographic reliel was greater than in the
KM, with cliffs and rock cutcrops often exceeding 200
m in vertizal relief, Elevabion ranged from 2400-3800
m. Duaning March and Apnl most bighom wsed mised
grazs slopes interepersed with pondenosa ping, Douglas
fir, bristle cone pine and aspen, and riparian mosdows
along Tasrvall Creck, Bighomn alse used sieep, broken
slopes with conifer cover approaching 50%.  Alpine
iandra and dense sinnds of Douglas fir and Englemann
spruce received lirtle use in winter and early spring.

a1

METHODS

We captured bighoms in the TM and KM with
drop-nets or by immotahzation with carfentaml deliv-
ered by o dart gun. O ong cocasion we wed helboopler
nei guenming o capiune sheep i the TM. Coplure oc-
curred on multiple dates, duning November - Febomuary
1991-9%, al 3 scpamie silcs o an effort io depose
marked sheep throughout the study aren. Bighoms
were aged, sexed, litted with rudiccollnms amd relessed
Each collar had & unigue rdio fegueency b e moge
148-149 MHz and, i the KM, cach collar was ani-
gjusly marked for visual identification firom o helicop-
ter. Fifty marked bighom (34 aduli ewes in the TM
and 10 sdult ewes and 6 adult rams in the KM} were
wsed in mark-pesight surveys,

We conducied 3 helicopier resight surveys dur-
eng late March and carly April, 1993, This time was
chosen because bighoms concentruted in open ress
(ndpine: tundra, south-facing slopes end mcadows), they
wore maore refucinni 1o use iimbered areas o evoid the
behcopter ((earge and Masan, unpubl. data) and the
curises) parturition dates were of lenst | month later (5.
Roush, pers. commmun ). Bigham mage in the entire
study srea was searched on the firet 2 lighte, but diss 1
flight time restrictions and weather, only the TM was
counted on the third fHight, Surveys were scparated by
oi Jeast 5 days bo munimize effects on bighom sight-
nbility om fallowing surveys and (o reduce siress on the
antmals

T minimi:e differences between surveys, the
same heficopeer {Bell 47 Solov), pilet and primary
ohaerver were used on all Mights. However, the sse-
oodary obscrver variad. When a growp of bighorm was
spatted, the location was noted, and the snimals were
followed, counted, and scrutinized for marks. In the
KM, marked bighom were individually identified.
Adberward, the helicopier retumed 1o the previous Aight
path. Trmedistely after cach survey, all marked big-
hom were locased from the groand with selemetry nes
cedvers 1o confinm that they were alive and within the
shsdy ares.

Papulation sizes in boll subpopalations wers
estimnted using the joint maximsm kelibood earmaor
(JHE}, ns recommended for mountain shoep by Meal o
al. (1993), using the program NOREMARK (White
1993, 1996). In addition, individually identifiable
marks in the KM allowsd population size estimation
wilh ihe Bowden's estimalor {(Bowden and Kufeld,
1995} in NOREMARE. We usod the Chissquare
statistic o test for differences in mean sighting proba-

brilicies.



RESULTS

There was close agreement between the JTHE and
Bowden's estimator in the Kenosha Mountains (Tables
| and ). Population cstimates (NP4 confidence inter-
vals) were 27 (87-115) using JHE and 96 (B0-1 16)
uxing Bowden's extimator. The 90% confidence inder-
uﬁuu:blhlrmﬂarurll-mm for Bowden's
estimntor, but both were less than + 21%.

In the TM, the JHE provided a population eeti-
maie of 148 (136-1648) (Table 3). The conlidence
imierval war gmaller (< 4+ 11%) than the confldence
imiervals for the KM's population extimaies,

Sighting probabilities of marked ewes (0U9 and
1.0} were greater than sighting probabilitics for marked
s (0,5 on both Mights) (r*=3.2; df=1; P=0.074 and
=654 df=1; P = 0.013) in the KM (Table 4). Datn
was not pooled becanse the same bighom were invol-
wed in hoth flights.

In ihse KM, ench of the 10 marked swes way seen
ot lenst once nnd 9 were seen on both Nights. On 30
March, only ewe *5° was mizzed O 5 Apsil all 10
manrked cwes Were seen.

Two murked rame were s2en on both fHghis, 2
were seen on | Might, and 2 were not seen on cither
Night, ©Om 30 March, rams "X", "F", and “P* were
observed. On 3 April, rama "X®, "F*, and *I* were
obterved. Rams "H® and “K° were nat observed on
either Might.

The proportion of marked bighom seen did not
vary over Mights in the KM (0.75 and 0.81% (P = 0,67,
bnzt did vary significanily in the TH (0.EE, 0032 0.65)
(P < 0,001) (Table 5).

DISCUSSION

Population St Extimates

I the KM, population catimaios from the JHE
and Bowden's extimatons (97 and Sh6) were cloge to the
prior populstion estimate of 100, The prior estimate
was obtained from helicopter counts adjusted upwasd
Epproximately 2096 based o "profeissonal judge-
ment * Skjonsberg (1988) aleo adjusted Gllwinter
helizopter counts in alpine terrain 10 secount for a high
proportion of the bigharn that were present. He used
nupwdidjmnrlmummmu
size. Sighting probabilities in the KM support the
Judgement thal from T5-83% ol bighom ans counted on
belicopter counts in alpine and adjncen subalpine
habitats during winter or early spring.

The §0m estimate for the TV provided by
the JHE (148) was approximately 40% Jower than the
previcus cstimate of 230, and similar to the minimam
number of sheop observed in ihe subunit that winter

(1560 (). Vayvhinger, pers. commun ), The previoas
caiamate wiss baséd on counts ot bail siles and profes-
sional judgement. The JTHE mark-resight popalation
egiemate may have undercatimaned the TM subpopa-
lndicn becawse only ewes were marked. I sighting
probabilities fior rams was lower than for swes in the
T as we observed in the KM, the mm portion of the
ever, it s doubtl that the ram underestimate woald
sccount for the emtire 407 difference.

Sighting Probabilities

There is hitle published information on sighting
probabilities for bighoms. Congequently, tighting
probabilitics ohserved in this stady anca can be com-
pared 1o only 2 othor studizs, The mean sighting prob-
ability for marked cwes of 0061 in the TM was similar
fx thogs observiad o marked swes by MNeal of al,
(1993) (0.38) and Bodie et al. (1993) (0.57). The
mean gighting probability for marked ewes of 0.95 in
the KM was higher than has been reporied.

The sighting probabilities of swes were greates
than for rams in the KM, Bodic et al. (1995) observed
the apposite relationship in Tdaho with sightability for
rums being groater than for cwes.  These authors ob-
gserved that rums were more fikely 1o use habitats with
grester wigihility (finte and open slopes), whereas cwes
used hobitats with [ésa visibility near cscape cover

Wi obweryved that rams were more likely to be
near comifery and aspens than cwes which may have
nided rams in avoiding detection. Rams also usad &
widler variety of habitnts and mnged further from cs-
cape eover than ewes. Consequently, idéentilying search
nrcas was foss predictable foc mma than for cwes. In
B M, mums wene hainded, bul wes wiene nol.  Thas,
rEns mny e more likely to use timiber o avoid detec-
tion by hunters.

Weather muy have affectad sighting raies in the
TM more than in the KM, The propartions of marked
bighom abserved in the TM (0.83, 0.32, and 0.65)
werg signilicantly lower and more varable than in ihe
KM, The best conditioen occurred on 30 March and
comesponded 10 (he highest sighting rate in the TM.
There was 100%% snow cover that was less than 24
howrs old daring most of the survey, light winds, and
panly cloudy skies. The poorest conditions oocurmed
on 5 Apal; the same daic as the lowest sighting mic in
ihe T Smow cover wat less than 5% with wingls
gasdang 10 50 kph, and fat light,

(ber fctors may hove contributed bo the vari-
ability among and within subunits. In the KM, we had
predetermined the mogt cffective Might plan for count-
g Fghom from 3 previous helicopier b ghom coumis



Table 1. Mark-resight populetion esSmate stalistics from halicopler counts of bighorn sheeap in the Kenosha
Mountains, Colsrado, 1985,

Ha Ho Linsain-
Datis Mo, Marked Markad Chaarsad Ma. Unmarksd Obasnasd Peadpsaan Egtimate
30 Mar 18 12 &3 a4
5hpr 18 13 a4 gaT
Pop. estmate (90% CI) Fr T -113

Tabée 2, Mark-resight poputation esBmate statietics for Bowden's esBmator from helicoptar counts of
bigharn sheep in the Kencsha Maunlaing, Colorado, 1985,

B, mneked 16
Mo, unmarked obsenod 12T
Mo marked cbaared 25 (2 ahpep cbasrved 0 Bmea, 3 shesp observed 1 ime, 11

sheep observed 3 times |
Populnian estmata [00% CT1)08 (B0 - 118)

Table 3. Mark-resight populaion esimate statisics fram helicopter counts of bighom sheep in the Tarryall
Mountains, Colorado, 1995,

M, Mo, Lincoin-
Cinte Mo, Marked Maied Cinacred o Linmarked Obsened Petarsan Estimurta
30 Mar 4 b a0 1358
5 Apr 34 11 ad 1623
12 Apr 34 X2 BS 1633
Pop. aasemats {00% CI 148 {138 - 184}

Table 4. Sighting probabilites of marked bighom rams and ewes in the Kenosha Mountains, Colorado,
1905, Pvalue is a tesf of equal sighting probabifies of rams and ewes.

o, Matiosd o, Maredd beered SighingFrobabiity
Dt Ram Ews Ram Ewa Ram Ewa P

30 Maxr - 10 3 8 0.5 o 0.074
5 ip a8 10 3 10 05 1.0 o013

Tabla 5. Skghting probabities of marked bigham sheap in the Kenosha and Tarryall Mountains, Colarada,
1885, Pwvalues are a test of equal sighing probabiliies across sighling occasions.

Locatan/Date Mo Marioad No. MasknaCbearvad SughbngProbandrty P
Fianciihm Malntsing

30 Mas 18 12 075

8 e 18 13 LB .87
Taryall Mountaing

30 Mas = | n o.e8

B Ape M 11 02 <. 0001
12 Apr 34 22 065




during the 2 preceding years, However, in the TM,
eomplets ter counts had nat documed prior to
this sy, 0 & firm Might plan had not been estab-
lished, Dbserver bias may have contribuded consider-
mg thai the secondary observer changed between Mights
and tha primary observer vwas mone fhmillar widh the
EM siudy arca.

Estimaior Comparison

We olserved close apreement between pepuka-
‘tion estimaies providad by the THE snd Beowden's
cefimators in the KM They varied by apprasciemashy
1% and were larper than the minimumn nomber of
aheep known o be b the ion. Bowden's
W% confidence mterval was 28% langer than, but
wverlapped nund included, the THE's.

Boih csiimators have requiresments and assump-
tioms that mast be mel to estimate popalation members
withoul bias and with goodd precision. The JHE esti-
malor is based on the Lincoln-Petersen estimator which
requires that: 1) the population is ehosed geopraphi-
cally and demographically; X) animals must ol lose
marks; 3) all marked animals are commectly idemtificd.
eounted and recordad and 4) all pnimals (marked snd
k) must have the same, independent probakbil-
ity of being wighied during individual sighting aeca-
sions (Ouis ¢t al. FITHE).

We believe that the first 3 assumptions of the
JHE estimator were completely met, bul the fousth was
noL Relocations of marked bighom afler each flight
sonfimed that all remained in the study arca and o
marks were logt. W believe that all marked bighom
were aowrectly whentified, counted and recorded. How-
ever, the difference in sighting probabilitics between
scxes ind subunits indicate that all animals did nat
have the same probability of being sighted, Meal cb al
(19937 and White { 1953} found that estimaned oonfl-
dence coverage for the JHE was too small if sighting
probabilites varbed, bor eatimates were relativiely unbi-
azed,

Marked anmnals should be representative of the
population, We coptured bighoms i the KM during
ihe breeding scason to minimize differences in captire
probabilities hetween seves. Although | baig gite was
used, we dropped the net on 2 different groups of big-
hatn snd daricd on @ third cocasion, Obsenvations
indicatod that marked shoop dispersed throughoat the
KM and few groups were observed without at least |
marked theep, However, we avosded placing mdso-
collarg on lambs and yearling mms, 8o the assumpiron
of a representative sample was not met completely. 'We
beligve that sighting probabilities for lambs and year-
ling rams were simlar 10 the ewes that they assocuaied
with,

M

Unlike the JHE, Bowden's estimator allows
gighting probabilities o very amang individuals and
can depend on such faciomn as group see ond vegeis-
tion cover (Bowden and Kufeld 1995), 1t is easy 1o
cabculaic and docs not requine independent population
sighting trials or even separnte popualation sighting
trinls. The procedune docs requine; 1) animaks must be
marked so they nre individunlly identifiable; 2 the
mamber of mes each marked onimal & sighied is re-
corded withaut errar, 1) the mumber of anmarked ani-
mials is recondad without ermor, 4) the sighting process
iz independant of the mark: states of the animal; and 5)
animals are sclected for marking in a manner squivae-
lent to selecting a simple rendom sample.

The Meai 4 reqguiremenis of the Bowden's estima-
for were met i the KM, but the fifth was not com-
pletely met.  Animals were iwbividunlly identifiable and
we believe that marks did not affect sighting probabili-
ties. As described sbove, we attempled to obinin o
requinemsent of equal capeure probabilities was not met
completely, The effect on populstion estimates and
associnted confidence inenvals is unknown, because
the bias from this violation is a function of how non-
represemtative the sample is of the population.

CONCLUSIONS
Bighting probabilitics for bighom on helicopser

cenaus may be similar over sighting occasions in alpine
atid adjacent habitats, bl may vy widely m tmbered
hatitats. Bighting probabalities also varied between
SEXES,

The reliability of bighorn population estimages
can be improved by using marked animals in mark-
reaighl invenlones amd by measurng sighting probabal-
fies. Bowden's estimaior i3 recommended over the
JHE cstimator because it allows sighting probabilitics
to wary among individuals.  Although complete complis
ance with assuspions i3 difficudt, mark-resightl esti-
mates and associated stphting probabilithes allow man-
agers io hase population estimates on ngorously eei-
mated parsmeters miber than judpgement alone. Al
theugh professional judpement is often supported by
ohserved data, riporously cstimatsd values are more
defendable and reliable, with their confidence intervals
providing measares of precision.

We recomnicnd thal managers bnke advantage of
situations where bighom populations will be sudied
using radic-telemctry collars and plan 1o inclode mark-
resight population serveys. 18 is inexpensive to attach
individually identifiable marks 1o radiocallars. The
only additknal expense will be for helicopier and pes-
sonnel time f0 conduct resight surveys.
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