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Abstract: We conductod mark-resight ssrveya using 50 radio-callared bighorn sheep (Ohvis canadensiy) distibaled scross
three miercomnecied msbpopulations in the Kemosha snd Temrypsll Meoninine, Colorsds, Pqn.l.n‘unmu{hﬂm
Mouninins subunit was estimaied bassd on data from 2 helicopier lights using both the joint hypergeometric maimam

et estivmstor { JHIE) mnd Bowden's e imntor ia the NOREMARE: populition soe af the Tarryall Moussinins
subunil was estimatad besad oo dats froem 1 helicopter Hghls aeng JHE. We ahasrved el hetiieen the 2
estimators in the Kenosha Mountaing: populstion catimases (9% confidence imtervals) wane 97 (B7-1 15) using JHE snd
5 (B0 | 65 umcing Bhorvreny's estimator. [n the: Tarmyall Mountsins subunit, JHE provided & population estbmste of 148 (136
[543 The dilference i &ighling probability betwoen seves spproached stgmficancs (P = 0.074 and 0.013) with sighting
probabilities for marked ewes (0.9 and 1.0; n = 10) being greater than for marked rams (0.5 on both occasions; n = 6),
Sighting probabilitics did ool vary over ocessions in the Kanosha Mountains subunil (0,75 and 0.81) (P'= 0,67}, bul &d vary
in the Taryall Moontains subanit (0838, 0.32, 0.65) (P < 0.0001). 'We conclide that sighting probabilitics foe bighorn may
b similar owver sighting occssiomss in alpine and adjscent subalpine habitsls, bul may very widely i (Embered habitats,
Tocame Bowden's extimator alfows sighting probabititics 1o vary smong individuals and with fsctors like vepetstion cover,

we recommend s use i enatyring mark-resight data (0 estimate bighom sheep populations in timbered hahitats,
Keyworls: (Chis camadensin), populalion cetmation, mark-resight, sighting probabilities

Pepulntion size estimaies for bighom sheep vany
greatly in relinbility (Bailey, 1990). Bighom are nor-

mally found in steep, nigged termain that 15 ofben associ-

nied with limited human sccess (Geiel 1971, Asa
resull, bighomn censuscs are expensive and lime con-
suming. 1n addition, bighom sheep population extimas
tion kas ot received as much atention as foe desr and
elk. As » result, most bighomn herd estimates have
b baged on impressions (Bailey, 1990%, counts with
no sdjustments for sightability (Cook et al. 1990,
Bodie of al, 1950, Karasek ot al. 1997), and counts
with some standard adjustment (13.33%) (Skjonsherg
1988, George unpubl, data),

Recently, methods using marked bighom o
estimabe the proportion of populations that were
missed on helicopter surveys have been used to esti-
mais bighom populaticns. Thess methods have in-
chuded mark-resight surveys (Leslie and Douglas 1979,
1986, Remington and Welsh 1993, MNeal of al. 1993} in
desert and foothills habitats, and a sightability model
(Bodic ¢t al. 1995) for canyon habitats. Many bighom
herds in Coloredo are found in mountain habitais with
canopy cover where mark-reaight sarveys have not been

applicd and Bodie ef al, (1995) did not recommcnd
asing their sighiahdlity mode].

The bighom berd in the Kencsha and Tarmyall
bountaing uees both open and limbered habitsis
Histoncally, population eshmates have been based on
counts of sheep af hait sites, fickd pereons’ judgement,
and intermattent senimer proand counts b the Kenddhs
Mountnine  Becently, helicopier counte have been nosd
in the Kenosha subpopulation to obdain minimum
population numbers and were adjusted upward for a
population estimate of 100, Diring lhe sams tims
period, some field persons volced concem that populs-
tion size of the Tarryall subpopulations was overesti-
munied.

Conoumeni mdio-telemetry studics in the Feno-
sha and Tarmyall Mountains provided the opporiunity to
comduct mark-resight invenlories. Ohar obpectives wern
1o; 1) estimate bighorn population gize wsing mark-
resight surveys; 1) compare sighting probabilities of
marked bighom among sexes, sighting occasions and
subunis; and 3} compare 2 population estimators”
performance and complinece with their respective as-
fumplions.
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ATUDY AREA

The study area was located in Park Coungy in
central Colorado (397 N, 105 W), We divided it o
2 subunits which incladed all known and sespecied
manges of 3 bighom subpopulations. The Kenosha
Mountning (KM) subunit was spproximately 65 ke’
and contabisd | subpopulation that ranged in the Ken-
osha and Plate River Mountadns, and M. Thrryall Peak
afca. Elevation ranged foom 2 3040 - 3800 m. Big-
horna were primarily found on alpime fmdm and on
mixed graas slopes inierspersed with bristlecons pine
(Fleriiy grisiato), Doogles fir (Preudotrigs menriesii),
ponderosa pine (Pinus ponderosa), Englemann spruce
(FPleea englemannii) aspen (Populur rermiloddes) and
rock outcrops, 'Willows (Selix spp.) and large stands
ol condfiers were used occasionally. Escape sover con-
sisted of rock outcrops that scldom exceeded 100 m in
wertical reliel.

The Tarryall Mountains (Th) subunrli, was
approximately 130 km', abutted the southcasiem
boundary of the KM, and contnined 2 bighom sub-

ions, Topographic relicl was greater than in the
KM, with cliffs and rock outcrops ofien exceeding 200
mi il vertizal feliel, Elevation ranged from 2400-3300
m. During March and April most bighorm wsed nixed
grass slopes interspersed with ponderosa pine, Douglas
fir, bristle cone pine and aspen, and riparian mesdows
along Tarryall Creek. Bighomn also used steep, broken
slopes with conifer cover approaching 50%. Alpine
tandra and dense stands of Douglas fir and Englenann

spruce received Linte wse n winter snd early sprimg.
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METHODS

We caplured bighoms in the TH and KM with
drop-nets or by immobibization with carfentam] deliv-
ered by @ dart gun. On ong oocasion we umed helicopler
nei gunning io capiure sheep in the TM. Copiure oc-
curmed on multiple dates, during Wovember = Febmuary
199 1-95, al 3 separmie siics i an effort io deposes
marked sheep throughowt the study aren. Bighoms
vweere agesd. sexed, lithed with melicoollars amd released
Each collar had & ualque mdio frequency ki the mnge
148-149 MHz and, in the KM, cach collar was uni-
guely marked for visual identificalion from a helicop-
ter. Fifty marked bighom (34 nduli ewes in the TM
and |0 sdult ewes pnd 6 adult rams in the KM) were
used in mark-resight sarveys.

We conducted 3 helicopeer resight surveys dur-
ing lale March and carly Aprt, 1995, Thes time was
chosen becsuse highoms concentruied in open Aress
(olpue tundra, scuth-facing slopes end meadowa), they
wane more reluciant o gee timbersd sreas 1o avobd e
hehcopler (Gearge and Mason, unpobl. dota) and the
wrlses] parturition dades wese af lenst | monih lader (5.
Roush, pers. commun). Bigham range in the entire
etudy srea was searehed on the firet 2 flighee, but diss 1o
flight time restrictions and weather, only the TM was
courted on the third flight, Surveys were geparsted by
i least 5 days bo munimize effects on bighom sighi-
ability on following surveys and io mduce siress on the
aninsals

To minimize differences between surveys, the
same helicopter (Bell 47 Soloy), pilet and primary
ohserver wers used on all Mights. However, the see-
vadary obscrver vanad. When a group of bighom was
sparted, the kecation was noted, and the animals were
followed, counted, and scrutinized for marks. [n the
KM, marked bighom were individually identified.
Afterward, the helicoper retumed 1o the previous fight
path. Immsedistely aftér each survey, all marked big-
hiom were located from the groand with telemetry e-
wedvers 1o confirm that they were alive and within the
sfushy arca.

Popilateon sizes in bolh subpopulations were
(JHE}, ns recommended fior mountain sheep by Meal et
al. (1993), using the program NOREMARK (White
1993, 1996). In addition, individually identifiable
marks in the KM allowed population size estimation
wilh ihe Bowden's estimalor (Bowden and Eufeld,
1993) in NOREMARK. We used the Chi-square
statistic o test for differences in mean sighting proba-
biilicies



RESULTS

There wis close agreement between the JHE and
Bowden's astimator in the Kenogha Mountaing (Tables
| and Z). Populatson estimaies (%% confidence inter-
valg) wero 97 (B7-1135) using JHE and 96 (B0-1 1)
using Bowden's catimator. The 90 confidence inter-
\-ﬂwuiﬁg}ﬂrmﬂ: for JTHE than for Bowden's
estimmbor, buf both were less than + 21%.

Ins the TM, the JHE provided a population esti-
maie of 148 (136-164) (Table 3). The confidence
imierval was gmaller (<& 1 1%G) than ke sonfldence
imervals for the KM's population extimates.

Sighting probabilities af marked swes (0.9 and
1.0} were greater than sighting probabilities for marked
rams (0,5 on both Mights) (x'=3.2; df=1; P= 0,074 and
1'=6.154; df=1; P = 0.013) in the KM (Table 4). Duta
was not poaled bacause the same bigham wers inval-
vid in both flights.

In ihe KM, ench af the 10 marked ewes wag scen
af beast once and 9 were seen on both Nights, On 30
Muorch, pnly ewe *5° was missed Oa § April all 10
mnrked cwes were soon

Twa marked rame were 3260 oa both Mights, 2
were soen on | fMight, and 2 were not seen on either
Might. Om 30 Morch, rams "X", “F", and “P* werg
obscrved. On 3 April, rams "X, "F", and "* wae
obterved. Fams "H® and K" were not obeerved on
aither MHigh.

The propartion of marked bighom seen did not
vary over flights in the KM (0.75 and 081} (F= 0,67,
bust did vary significanily in the T™ (D.£8, 032, 0,645
(P = 0,000} (Table 5).

DISCUSSION

Population Size Exthmates

In the KM, population catimales from the JHE
and Bowden's catinaton (97 and 96) were cloge to the
prior populstion estimate of 100, The prior estinale
was obtmined from helicopter counts adjusted upward
approximately 20%% based on "professional judge-
ment * Skjonsberg {15968y also adjusied fll-winter
heficopter counts in alpine terrain 10 sccount for a high
propartion of the bighorn that were present. He used
mmwdndjumu[l:m Lo estimate population
size. Sighting probabilities in the KM support the
Judgement thal from 75-85% of bighom ane counted on
helicopter counts in alpine and sdjacent subalping
habitats during winter or early spring.

The som estimate for the TM providad by
the JHE (148) was approximadely 40% lower than the
previows estimate of 250, and similar to the mingmam
number of sheep observed in ihe subumit that winter

(136) (). Vayhinger, pers. commun. ), The previoos
eatimate wiss based an counts ot bail sites and profes-
sional judgement. The JTHE mark-resight popalation
estemnte may have undercatimated the TM subpopu-
Intion becawse only ewes were marked. [7 sighting
probabilities fior rams was lower than for ewes in the
TM as we observed in the KM, the mm portion of the
T popilation nay have been underestimnted, Heow-
ever, it i8 doubtful that the ram underestimate woald
sccount for the emtire 40%, difference.

Sighting Probabilities

There is litlle published information on sighting
probabilitizs for bighorns. Conssquently, sighting
probahilitics ohserved in this study area can be com-
pared 1o only 2 other studies. The mean sighting prob-
ability for marked ewes of (L6] in the TM was similas
by thoss obscrved for marked ewes by Meéal ¢ al,
{15593) (0_58) and Bodie ot al. (1993 (0.57). The
mean sighting probabality for marked ewes of 0,95 in
the KM was higher than has been reponed,

The sighting of ewes were
than for ams in the KM, Bodic ct al. {1995) observed
the opposite relaticnship in Idabo with sightability For
mams being greater than fior cwes, These suibors ob-
gerved that rums were more Likely 1o use habitats with
preader visibility (Miats and open slopes), whereas cwes
used habitats with less visibility near escape cover

Wi observed that mmy were more likely to be
near conifers and aspens than cwes which may have
nided rams in avoiding detection, Rams also used &
cape cover than ewes. Consequenily, identifving seanch
arcas was boss prediciable for mma than for cwes. In
the KM, mums were hunded, bul ewes wire aol. Thus,
rams oy be more likely (o use timber 1o avoid detec-
tion by hunters.

Wenther muy have affected sighting raies in the
T mecwre tham in the KM, The propartions of marked
bighom observed in the TH (088, 032, and (L65)
were significantly lower and more vanable than in the
KM. The beat conditions occurred on 30 March and
corresponded 1o the highest sighting rate in the TM.
There was 100%% snow cover that was less than 24
hawrs old daring mest of the survey, light winds, and
panly cloudy skies. The poorest conditions aocurmed
on 5 Apnl; the same date s the bowest sighting mie in
the TM. Spow cover wae bese than 5004 with winds
gisdangy 1o S0 kph, and flat Light,

Diher laclors may have sontributed to the viri-
ability among and within subunits. In the KM, we had
predetermined the mogt cffective Might plan for couni-
g bighom firom 5 previpus helicopier bighom coumts



Tabla 1. Mark-resighl population esbmate statislics (rom halicopter counts ﬂtﬁlﬂmﬂﬂphﬂﬂm
Wountsins, Colerade, 1885,

Ha. [ Linggin-
Daté o, Marked barkad Obasrsad Ma. Unmarksd Obsanad Patpssan Esbmata
30 Mar 18 12 -] Ga4
Bpr 18 13 a4 g7
Pop. esfimate (90% Cl) B7 {87 - 115]

Tabée Z, Mark-resight population esBmate statishcs for Bowden's esBmator from helicopter counts of
bighomm shaep in the Kendsha Mountains, Colorado, 1985,

o marked 15
S unmarked observed 127
Mo marked obasroed 25 (2 ahsap obasrved 0 S, 3 shesp observed 1 me, 11

sheep observed 2 tmes. )
PopulnSan estmate (0% CT)08 (B0 - 118)

Table 3. Mark-resight population esBimate statisics from helicopter counts of bighom sheep in the Tarryall
Mountains, Colorado, 1995,

Mo, Mo, Lincoin-
Dinde Mo, Marked Marived Crpasnved Mo Unmarked Obsened Petarsen Estimatn
30 Mar 34 o 41 1358
5 Apr 34 11 Ak 1623
2 Apr 34 2z a5 168313
Pap. sasemats (00% CI) 148 (138 - 164}

Table 4. Sighting probabiliies of marked bighom rams and ewes in the Kenosha Mountains, Colorado,
1995, Pvalus is a test of equal sighting probabiifies of rams and ewes,

Mo, Masksd ho. MarkedObeernved SighfngProbabiiy
Darta Ram Ew Ry Ews Ram Ewa L

30 Mar - 10 3 a 05 og 0.074
5apr 8 10 3 10 035 10 0013

Tabla 5. Skghting probabdfties of marked bighom sheap in the Kentsha and Tarmyall Mauntaing, Colarada,
1285, Pvalues are a test of equal sighing probabilies across sighting occasiom.

LocatonTiate Mo, M N, MaskedCbearved Lyghhngitrakandty [
Hancaha Mountaing

30 Mas 18 12 oS

B Apr 18 13 L] 067
Tarryall Mountains

30 Mar 2 an 0.88

5 Ap - 11 032 <. 0001

12 Ape - 22 065
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dusring e 2 preceding yoars, However, in the T,
complete helicopter counts had nat occumed pricr 1o
this study, 30 8 firm fight plan had nog boen estab-
lished, Observer bins moy have comnbuted consider-
in thad the secondary observer chamged between Mights
and tha primary obeerver was mone fhmiliar with the
KM study area.

Estimator Comparison

We observed close sgprecment between popuka-
tion cstimaies provided by the THE and Bowder's
cefimators in the KM, They vaned by approscimately
1% and were larger than the mintmum namber of
sheep known to be in the subpopulation.  Bowden's
W confidence micrval was 283 larger thian, but
overinpped and included, the THE's.

Bath estimators have requdrements and asswmp-
tioms that must be met (o estimate population mombers
wilhout bias and with goosd precision. The JHE esti-
malor is basad on the Lincoln-Petersen estimator which
requires thai: 1) the popualation is elmed geopgraphi-
cally and demographically; 2) andmals must nol lose
marks; 3) all marked animals are commectly idemificd,
counted and recorded and 4) all snimals (marked and
wnmarked) must have the same, independent probabil-
ity of being vighied during individual sighting acea-
sions (Owia ot al. [97H).

We believe that tha firet 3 sssumptions of the
JHE estimalor were éotiplelely mcl, bt the fousih was
not. Relocations of marked bighorn afier each flight
confimmed that all remained in the study area and no
murks were logt W beliove that all marked bighorm
were commectly identified, counted and recorded. How-
ever, the dilference in sighting probabilitics between
sexcs and subunits indicate that all animals did not
have the same probability of being sighted. Neal ¢t al
(1993 and White (19%3) found that cstimaied confi-
dence covermpe for the JHE was too small iff sighting
probabilides varbed, bar estimates wene relatively unbi-
ased.

Marked animals should be representative of the
population, We coptured bighoms in the KM during
the breeding scason to minimize differences in captre
probabilitics hetwoen sexes. Although | bait site wag
used, we dropped the net on 2 different groups of big-
horn and daried on a third cccasion, Observations
indicated that marked sheep dispersed throughout the
EM and few groaps were observed without at beast |
markad shecp. Howgver, we avosdod placing mdso-
collars on lamba snd yearling mes, so the assumpion
of a representative sample wos not met completely. We
believe that sighting probabilities for lambs and vear-
ling rams were simalar 10 the ewes that they aooocinied
with.

ke

Unlike the JHE, Bowden's estimator allows
sighling probabilitics o vary among individuals and
van depend on such faciors as group size ond vegoia-
tion cover (Bowden and Kufeld 1995), I1is casy io
cabculsic and docs not requine independent population
sighting trials o even sepamie population sighling
trinls. The procodure docs requine: 1) nnimaks mast be
muarked so they ore individually identifisble; 2) the
number of fmes each marked animal s stghied s e
corded withouwt error, 3) the sumber of aamarked ani-
mals & roconded without crmor, 4) the sighting process
iz independent of the mark status of the aninal, and 5)
animals are sclectod for marking ina manner equives
lent to selecting a simple mendom semple

The fiest 4 requirements ol the Bowden's extima-
tor were met bnothe B, bt the fifikh was nat come-
pletely met.  Animals wene isdividually identifiable and
we believe that marks didd mof affect sighting peohahbaki-
ties. As described above, we attempied (o obinin o
requiremsent of oqual capturs probabilities was not met
completely, The effiact on population estimates and
associnted confidence intervals is unknown, becase
the bias from this vislation is o function of how Boa-
represemtative the sample is of the population.

CONCLUSIONS
Sighting probabalitics for bighom on helicopser

cengus may be similar over sighting secaziong in alpine
aiie] adjacent halatais, bt may vasy widely i bmbered
habitats. Sighting probabilities also varied between
SCNEE,

The reliability of bighom population estimales
can be improved by using marked animals in mark-
reaight invenlorics and by measuring sighting probakbal-
ies. Bowden's estimaior i3 recommended over the
JHE estimanor bocause it allows sighting probabilities
to vary among individuals.  Although complete compli-
nance with astumgdsons is difficull, mark-résight esti-
mascs and associatod sighting probabilities allow man-
agers (o base population estimates on Agorously est-
minted parsmeters miber than judgement alone. Al
though professional judgement is often supported by
ohserved data, ngomoasly estimated values ane more
defendable and relinble, with their confidence intervals
providing measares of procision.

We rectmaiend thal neanagers bake alvanlage of
siusisons where bighom populations will be smdied
using radio-telometry collars and plan (o include mark-
resight population serveve. 18 is inexpensive to attach
idividually identifisble marks to radiccallars.  The
only additkenal expence will be for helkoopier and per-
sonncl tmse f0 conduct resaghl surveys.
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