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TRACKING IIGHOllNS VITH SAT2LL.IT£S : 
HI TtOATlON 

&ieru:t, Symp. North, ~ild Sheep 
and Goat Counc. 7 : 149-170. 

SlSTEM PERtOII.KANCE AND ERROR 

KIM A. KEATING, Sciente Center, Glaclor NAt.10"4.l Park, VC-$t Olactor, KT 
59936 

CARL H. KEY, Sc:,1onco Cftntor. Claclor l'i'ac.ioMl Park , West Cl3cfer, fiT 59936 

Aba&n;t: Perforaanco of satelUte t•h.motry in bighorn sheop (Ovh, 
c:-an.ad,rn1J•) habit.at. wu deic:dbod and orror miclgotlon explored. Tho 
log-noraal moQn error of 304 locacton$ was 2.728 km. Error$ r4nged from 
0.445-12.S52 km. Th• 68 percontilo error o! 3.276 lua vaa signific:&ntly 
greater chan tho mA~taua oxpoccod value or 1, )10 kll. Dittoronccs bocvcon 
accu.Al and 11:auacd olevAcions Accounted tor ab-out 66X of che etTor. 
Torroin appuontly ll■lccd lococton quality and, thorofore, accuracy by 
llalt:lng che number of uplinks per satellice pasa. Errol's t,,1ere blmodally 
dh1tributod along tho o.ast~ot.t GXh and gc:nora.lly oc:currod towatd t ho 
aacelllce. probably beeause actual elevaciorui vere RU.Ch greater th~n the 
a.ssuaod elevacion of se~ level. Locations vere obtained for up to 601 of 
satellite passes ~5• above the horizon. Terrain reduoed lO<Jatlon 
efficiency up to 111'%; when deployed on An animal, l.00-ation efficiency 
dticHned an addltiom1.l '•31 . Following •rrot" •c:orrec:thin• end ■\lbseq\lent 
indox tng to reject oucllers, che 68 percentlle er.r·or v.u 0.830 m (range 
- 0 .086-2..263 km, n - 226) . A blv•.:ri•~• normal aodel of the residual 
c'l.-ror .,.,.,.. u.acJ t:o J•vcl,.:.,:, • • •l&,l•~•J ut.111'-•l.l..,11 J l • C. .. U,1,,1,l.l..,11 (W'UD) LlH,C. 
reflected the avarage probabU lt-y o f ,m 11mfia11:1 occ:ucring in ll glven sp•c:e 
during ll glven per.lod. The result.in$ me>de l Ag-reed we.11 v ith v lsual 
observations or an adult avo. Core ranges and specific trovel corridors 
voro idonctfied for tho eve. 

Bighom 4heep ofc.en oeout ln rolactvely saoll popubtiol\S a:nd occupy 
patchily dlatrlbuted hablc.au , Many such populations may cooxt•t vlthin 
a raglon. auuestlng that mecapopulation theory PY be u40f'ul for 
osscsGing long-t·em viability and dcstgntn,g conservation strategte.s . 
Hovovor, motapopul4tlon Anolysos requl~o knowledge of the dlstrlbutlon 0£ 
$\11.toblo hobltnto ond d.lspcr&nl of 1.ndlvlduals among habitat patches 
(Cllpln 1987) , Such information has been dlffiwlt co obtoln. Sotelllto 
telu.etty, u.aed vith • - Geographic lnfon.aclon Syau.m (GlS) and other 
tumoto sonstng data, aay improve t.he economic and l og-latte fea,ibtll.cy of 
acqulrlng nuco&sary lnforaatlon (Craighead and Craighead 1987 , Fancy et 
ol. 1988), but tho llkoly resolution of roaulting •odcla remains 
uncert4!n. Although sttollito ccleaeery 1$ ~ell suited to ~t•cklng groaa 
anillal aoveiaenca ( Fe.dak et al, 1984; Frecay and !retno~hor 1984: Kaea 
198~; Pried6 1988; Craighead and Craighead 1987: Crta.g 1987: Marsh and 
Jtathb~n 1.987; Hate ec al, 1986, 1988; Fancy ec al. 1988; Scewarc oc 41, 
l989). its 11:bi Uty to a:upport &t:\Sdles of local 111ove:ment.s and habitat use 
has not bt:t:n demoruit.rat.ed. We describe pe.I'fona.nce of ••tell.it• t•l•qi•try 
in bighorn habitat and explore error m[ti~•tion rn•thodti . 
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Support VH- provided by the. Nu.Lo n.al Park Se.rv-Lce, Telonics, Inc ., 
«nd th• N•tional Oceanic and Ataosphorie Adalnl•tration . This study ond 
m•n'"crlpt benefited g:reatly trom the cxpcrthc and tn.ipport ot o. D, 
Beaty, S. H. Tomklevict. v . P. 6urgor , and J . Ruaaol l, of Telonlca, Inc.; 
a.nd D. D. Clark of Se.rvlce Argos. Inc. W• thank J. A. Balley , K. M. 
Olnont, and D. C. Oouglaa £or thoir con.atruetiva roviow-• ot tho 
unuacrlpc. 

T<!sts were con<.tucted in and adjacent to tho Mt1ny Glacie r Va.thy, 
Clacler N•tlona~ Park , Konu.na, botveen latltud•• 48•45• ~nd 43•so · norch, 
and longitudes 113•3s• 3Tld lt)•40• v•at. The area Li eharacteri~ed by 
pnclpitou.s pa4kt1 111nd glaciat:.od valleys. 6levat101u range from 
1,463-3,052 m. Major valleys ue orlenced in a generally east-est 
diroctlon and duln oHtwa.rd. Orlcnc-adone ot sub-drainages conu!nlng 
t0$t site~ rAngod from north-3ouch co eaac--vesc. Tvancy-chree ceac site.a 
e..ncoapaued both winter and awcmer b ighorn rangea. and varo at·ntitlod by 
aspect and •l•v•tion along 7 cranaccts sxtond!ng !rom vall~y bottoll$ t4 
mount.ain pc:.akt. Whorevc:r pou!blo. dte?: were on llOuncain peaks, et 
strcGa 11\tenoetion.$, in shallo"" guUles. or ocher slaUarly obvious 
lando0-rks: thac coul d be loo.aced -r~adlly u.dng aerial photog1=eph•, ? . 5 
a1nute USGS topographl4; Nps, an .cl ti.m•t•r, and C0!11pA••. Unl;var••l 
T~an•v•~•• Morcat:or (UTM) coordin•t•* w•r• d•t•rmlned for each aite ~Ing 
7.5 a!nute USGS topographic .. p• and a dlg!t!%er . 

METHODS 

Accuracy and Sampl ing Frequency 

During Aprll-Augu.&c 1966, e Tolon.ics ST-2 P13tton J:r(\nsll.ittj)r 
Terainal (PTI') ves moved avery 3-5 days among the test sites . The PTr 
vu configured for use on bighorn sheep and tra.nsmieted 24 hours per day 
ac •bout 60-uco,,d 1.ntarval•. 'The collar included a VHF backup bucon, 
Under the hello£ ch.t.L •[eJrror• a••oclatcd wtch PTT altlcuda only tak• on 
real aignlftcanc• in the c••• of balloon•• (Service A~go* 1984) , locat ion 
calculation• u•~d the PTT ves at sea lev&l. Pattcy et al. ( 1988) give 
• detailed description of the satellite system. 

E.rror, vcrc calculate.d os both Cartesian (K, , Yr> and poler (rf: , e,) 
coordinates vho$o origins vero the kMvn ~est •1tc loeatlons. Advort1scd 
porfom~nces (Service Argos 1988: Clark l98~: R, LtAubot. service Argos. 
lnc., pars. co11111un.) !■plied that expected error dhertbuelons v ow:e 
biva.dato normQl 1.1.tth (/J.t., ~) • (0,0), " • - Oy, and no cornladon among 
o~ and oy {whoro µ~ ond µ aro tho aoana, ~nd a. and CJY a re tha standard 
doviatlonJt of thCt dlstrltuctons oC xf and_[r:• rcspocdvoly) . Expocnd 
values· for o x o.nd Oy ven 150 , 3)0, a.nd 1 ,000 111 for t,1.0C • l, 2, and 3. 
respectively (Service Argos 1988, Clark 1989), Probabilitles (P) tor die: 
expeceed discr1butlon are (natsc.helet 1981:267) : 

P - l - exp(-<>/2) (l) 

whe1:'e 



151 

e- (2) 

To dec.erai ne lf performance vas wichln expected linics ve tested 3 
null hypothas~s: (1) 68l of the rE we re vithln 226, S28, and 1,510 m for 
NLOC - 1, 2, :and 3 , napectlvaly, (2) the e, wer• dlstr:ibuted unlfor:mly. 
"nd (3) (JJ., µ.Y) - (0 ,0). A unlfor:111 di.&trlbutlon of e, 1s • corollary of 
the exp•ctatlon that 0

11 
and o., ore 0<11,u:al and \lncorrelAted , Expcicccid 68 

percent-Uc value!: of re follow fro• equations (l) and (2). They differed 
g:teac.ly f'ro• prevlous .studlef:, which lllhineerpret.d pt'•dlcted valves for 
Ox and (JY A& tho l sblnt4ird dov·latton oi:-ror dht.anc;fqc 0£ th• r 1 , For 
~x~mpl•, St•wart et al . (1989) at.Ated that ptedlc~ed porfonuanc• of th• 
•y&t..m W8• •uch that 681 of th• location~•~• Accurate to withln 150, 350, 
and l, 000 • .for tht! 3 loc,uion quAliti~s, respectively. Such •n 
lnterpreuc-ton greotly overs totes expected accuracy. Froa equations (l) 
and (2). it follovs that only About 391 ot tha. locations al'.e oxpecud 
vtthin the distances indicated by Secvart et 111 . (1989) . 

Sampling !requenctas of se·nsor and location data. respectively, vere 
calculat•d ••: 

H5 - H/S 

C., - L/$ 

(3) 

(4) 

whar• S ls the nW1har of •avatlabta• ••t•tltt• p•ssea, H i& the nwnber of 
pauea in whlch ~l ml!luage vaa r•c•h•d by t he ntelllte • .and L ls the 
.,u:.abe.r ,:,f p._.,u,a in vbt.:t, a rTT L.-. .... Uou w•a '--•L¢.ul,.cw,J , w., u.a.,._i T•Lv~1l1,1-11> 
Satellite Predictor software a.nd ephelierh dat:• from NASA !'red.!ct:lon 
Sullot.lns ( NA.SA Codclord Space Flight Conter, Code 513, Creenbelt, Md. 
20771) to dotomino S tolottvo t() tho Ht. Altyn vtnter range . Satellite 
p.1tssaa v ith a ux1.aua p3,ss height (E'") ~ 5• o.bove the horizon vere 
considered •avallable• to the PTT. WO uaod A 5• thl'.(1$hOld boC4USO 
massagaa uy ba r•ceiv•d when PM la a• 1ov us• (K. A. Ke.3ting, unpubt . 
data), and bocau4!-0 it h tho throahold used by Service Argos co escluto 
pAss !roquon~ and duration (Sorvico Atgoa 1981.) , H.at:e ec 111, (1986) .i,.bo 
u.Hd • s• throahold. Varhbloe L and H ve.re tabulated from Argos dit'pO$O 
flhs. Due to • Sorvlc:e Argos aoCtvan problem, iault.iplo locatlon.s 
s<uaotlmu voro colcul.atod troa l $Atoll1to pasa. Ilium t.hls oc:currod , we 
aoknovledged only l loeotlon when calculacing swapllng froquenclaa. nt• 
pcoble• ha& been c:orreeted .since our study "'as conducted. 

Error Mitlg•tlon 

Correction, l ndex lng, and weighted utllh:11tlon 
vere explored as erl'.O?' m.lUgat.ion technique•. 
sequentially ln the order described. 

dis~ributioiu (WDs) 
They var• eaployed 

Error CQ(USti9U·-To •correct• enors, r, and 8, vere esdm:icc(I froa 
regre•aion• on P• and 8s, re,rpacrlvely, Th• r•tlonale foe using P• end. e, 
to estimate erroa Ul: pre*enud i n the r••ule.. W• estiMt.ed p1 end e, 
using the Telonics Satellite Predl~tor So£tvar• V"lth ephe11itris daca trom 
NASA PredictioJ, Bulletins, Uid,ng f"E and AE to d•t•rmt.n• how far .and in 
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Fig. 1. Scho■atlc ceprea:cnt•tlon oC 3 contccuclv• calcul■ted locatlons 
(1, 2, 3) . The enor index for location 2 ls colcuhted Crom tho voe tors 
(V1 and V2) and thf! mlni'fflWII Angle (n) fot111ed by the 3 locations (see t'ext. 
•q S) . 

vhot dtrcctlon to •1110-vo• locotlon,, cootdlnatcs calculated by Servtce 
Arto~ vere 1a0d l ftod and compnred wlch uneorreccod loo~tlons to dctor..tne 
the e£ftcacy of the technique. 

error lndoxint,-To develop An 6't''t01:" tndft)t (I), wo roe:;oncd thnt 
data shoving• •lngh, nhtlvoly large aovement, followed by an tmmodJ a r;:c 
return to tho point oC orlgln, should tond to be aore erroneous t h4n data 
shoving loco.lhe<l 110veaent1. movc111onc.s i n untohtod diroctlone, or h rge 
movemen1;s l.n tbe ,_,,.e direction. Such • petcorn can be ldantlCled by 
9x,fn11lnlng 3 c;.omutcutlv• loc.etlons, Con vh1ch 2 vecton (V1 on.d V2) 41,nd t.he 
talnlmwa • ngle (B) formed by the v1ctctor'.s can bt? calc.ulu.e d (Flg , l) . 
Larger errors are indicated•~ 8 •pptoachea xeco, v1 Appro~ch•a Vl. so6 
when v1 and v2 are both large. n,u.s, ve calcuhted J u : 

I -( V1 : Vl ) ( ::n )(cos
2
0 + l ) (5) 

where v.,n .,,n,ct V._ nu the sutler nod hrger, re.spoctlvely, of v1 and Vz· 
When v1 - V2 and 8 - o• 1 I "ttnlnti ti 111.1x hw11 valuo of (V1 + V2)/2 and, 
thus, becomes an eat.Ulltlte of rl' under tho!lfl. ~ond ttf.on&, M• v.1,;v .. , 
opproocho• 0 or oa 6 opproachoa uo•, I approaches 0. We hypothut,:C'.ld 
that 1 15 ltnear on rt. 

Ry uAlng 3 con5ec~tlve loc•tion5 to Index error vc l~pllc l tly •••wn•d 
that a n ex·t-re:me .avoaunt h not rtllal ,anless: le l t conUraed b_y olthor tho 
preceding or sub•equent location. Ole~rly, a aecond , corroborative 
location will not ah,•y• ~ obblned b•Con e n anf.aal return!. to a 
l ocation nea~ !t• point of origin . Er ror l~xlng should therefo~e leQd 
to uoderest-lcaatln.g the frequeney of extreme, chort-tora 11ov~111onts , The 
degree to which such 1110vementa are undOte$tl11ated thoutd dc:p0nd upon 
sa~pllng frequency an<l a !lipeoles ' movement patterns. Sampling !requ~ncy 
iaay v~ry with te~rain , signal Gtrength, or duty cycle (vh1ch i s prograaaed 
into the PTT and defines the dally ~md coo.sonlll C-Ut\salsaion schedules) . 
Short-terni aovaaents should bo most ser lou.sl y underes tluted when ,,11:Jpllng 
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.frequency ls tov And tor spo-c-1 e,: aAk-lng froquont, long.· ronge. forays trot1 
ono. oc between 2. accivity centers. Llttle blaa ta expected for species 
aaklng largo aov~iM:nts lnfroquontly , 

HUJ2.- The dlac-dbution o! ,an 11.nlul' • probabUlcy o! occurronco has 
been t•mod a utllizotlon dlscributlon (UD) (Von Winkle 197~. Ford ond 
Ktumao 1979), ldcAlly, aethods for des<!rlbin.g tJDs: should bo 
probabiUt.tlo, nonparaaetrlo , and insensitive co sup le size (Ford and 
Krwee 1979). Methods based on relocat-ion d.istance (Ford and Xrwame 1979) 
and Fourier transforaations (Anderson l982) have been proposed . However, 
the fomer h c;o1Jp\lt3tiom11ly cl.llll:b.noa. •n(l limte•O tc.> • ._u grid• (Ford 
and kl'Wllllle t 1,979} uud • 10 x 10 cell ~-rld) • vhlle l'Hult.. 0£ ch• lat:hr' 
iuy vary gre•cly with grid slu (Ande.rson 1982) . Both 11ethod.s auuae that 
locations used to compute the UD or& precise. Tbls assumption clearly was 
untenoblo for soccllleo toloaecry dota. 

IJe proposed" aethod lnoorporating tho error probt1bllltlo.s ossoc14tod 
vlth eac:.h locaclon. It ia concepcut1lly ,t1,n.,logoue; co thl'IC of ford and 
K.rW1111e (1979) , Nocln,g that .RAntplea are aeldom large enou,gh co con.fid.encly 
determine UDs for lncllvldu.ala , Ford and Knmae (1979) auggeated that UDa 
Crom aov• ral individuals be averagod to describe the UO of an idealized 
individual that typlflu th• population. Thay tcmcd th• result a 
"population utilization distribl.lt1on• (PIJI>). \lo .-uggost that each 
c:dcuht.ec$ M1' Locat.lon has a UD thac defines cho error probabilities 
•••oclated wlth cha loc~tton, and that die UD is tho same aaong locations 
or cl•••e• 0£ location•. Ve also augaest tha t UD• for ~nla,i) location~ 
can b6 averaged co deterralne the UD for an anJmal dutlng a glv•n p•~iod 
(P( ~ 2 ) . P. .. r,.,,•., 1:'h• re•1;.1l t l ng UD £or ,11 n 11.ni• _.l r • fl•ct:.s •rror-•ight:♦d 
probabilldes, ve term ch• d1• tt1bution a •weig,ht•d utUhe.ticm 
dlstYlbution• (WD). Out model of error probability ls da~c:rlbed in th• 
rosu1es. o,s it 1s contingent upon re.sults of th$ other analyses. 

Anlaal Tracktns and Date Ana..1111' 

To .,saeaa perfom11nee on l)n &niMl, 4n &dult bighorn owe va.s collared 
in the Kany Glacier Va.lle.y and cracked dudne, ~ov . 1986-Dec , 1987 . Dl.lrln& 
thb period, the PTT vas progrU1Hd to trans111it only 6 hour·• per dAy to 
C:Ot'lSOrvo boe-tory life . Actual aove.aents were docWMnte.d from vhual 
obse.rva.tions during 198$-1988 . Sampling fr•q""®Y vas exaained relative 
to deployl&t!nt statu. (on verawr off th• ani-mAl) •nd ti111e slnce deplo)'llentc. 
Error correction and indexing wre applied end• WO vaa calculated. 

StAtl6itlcAL analyGos U$c-d SYSTAT1" and SYCRAPH1" (IJl.lkbaol\ l988a,b) 
aofcw3re. $1gnif1e•nce v33 aaourt()d at the a - O.OS l evel . Specific test.s 
11re idonct Uod ln tho re:iulu . Linear and Mnparuetric test.s 1otere 
applted According to Uir (1984) , Circular statistics referene~d 
aatachelet (1981.), CRASS softva"te (U .S . Anrry c:orpa of Entlnccrs 1989) 
vas uaod to develop WOR from tha ftTTOr prob11b!licy mod~t . 
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ng . '2. Con&truct1on of 3 hypothet.10111 weighted ut1Uzatlon d1st:dbut1on 
(WUD). Shovn ar• 3 hypothotlcal PTT locations vlth • binomial model of 
the error probobUl ty 1-uper1mrio,u1d ove:r e11ch location . The blnonaal model 
re.fleet.a the pTob~btllty that che P1T vaa actually located at a point 1n 
.space other th4n the calculated location. 11,e wt> ls constl"\act,od by 
averaging the probnbUttlea u.sociated vlth a ll data pol.nta (bott.0111 
1 .. g.). 
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R&SULTS AND 01seuss10N 

Accu.r•ey 

Accura~y vaa deacrlbed from 304 locat1oiu (Flg. )). Ue rejected the 
rNll hypot.he.sis that •rrora vere wlth!n expected ll■lt.s, Lo . , 681 vlthln 
226 (NI.OC - l) , 528 (NI.OC - 2). and 1,510 m (NLOC - 3) . >lo"""l 
approxiaationa ol t he ~- tailed b tnomla l te$t nhoved thot proportions of 
locat.lona within expected llalta fo r NLOC - l ancl 3 verc less than 
expected (Nl.OC - 1: Z - co, P • 0.000; Nl.OC - 3: Z - 23.32, P - 0,000) . 
No NLOC - 2 Locatloni wore achleved, Errors vere con.sld.erably greater 
chtafl hnve been reported prevlously . Hott ot al. (1986) rtiported 9/tX of 
t.6 locations vlthin 0.6 lul or the center of an encloaute vl t h a 
radio-tagged manatee (TrJchachua mntus), and a Mxlaum er ror S2 lcn. for 
42 locations o! 2 PTTs. Craighead and Craighead (1987) reported 
hall- Lengths of l. 753 1-:Ja and 0. 516 kn for ch4) uJor oxes of the 951 
probability ollip#oll. and 0.405 ka and 0 .456 km for che 11lnor axe• . rnney 
et a l. (1988), cxt'llllntng l . 26S loc1tlol\$ ot 12 PTia, reported III aea:n error 
or 0 . 829 ka, with 901 within 1.7 klll of the cruo locotlon and a uxilNlll 
~rror of 8. 8 km. 
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ftg. l . DlstribuUon of error■ £or ,n1t•Jllte tele.metty l ocations, •s 
deter11.ined froa 30lo locMt:lon* of • P1T deployed at 23 knov11 sltea. 
01fteroncea betvcen actual and auw•d dte elev•tions n113cd !ro• 
1,662-2 ,801 m (X - 2 . 1~4 m, SD • 419 m) and accounted for ffbout 66X of 
the obn~ed error (e-oo u x.t), 
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Tho 6Xt:re.tlH! arrors va observ•d wet'• likoly cauaed by orroneou.li 
e..$thaatea of PTT olovatlon. Lo<:4lt1on catculatloru:: assumed that ms were 
~c sen level, but actual clovation1 ranged Crom 1,462- 2.801 •· French 
(1986) tound th•t dltCcronces beo,,een actv.al and •ssuaed Pn elevations 
uy a:(foct locAtion accuracy. Ve therefore hypothesized that rl wa.s: 
rolatoO co the differ~n¢e (H1) bet\.'een actl,l~l and ~,s~d PTT •l•v•tlons. 
Lincot" regression [',evealed no nl•t-lonshlp batveen re: and J/f (r' - 0,002, 
P - 0 , 21) , F•ncy •t •l. (1988), examini.ng l,26S tocat.lon• of PTT• at 
c:lcvacions of 20-850 •· a.l&o fol.lnd no .-uch relactonship, even thovgh 
location calculations in their st'Udy also asswued that P1Ts were at sea 
level. However, neither •nalysh consid•i.•d confo1,,1ndlng, nonlln•ar 
effectg, of s;1tellit• pan ht.tight (PM) ' Fr:0111 f't•nc.h (1986 , F'lg, S), w• 
••t::im:at::cd cheoret::1c.al errors (P1) d~ ~o erroneous elevat.lo·I\ e.st.la.at.e.s for 
lS co:11blnat.lon.s of Hl and Pr For each elevation, r, YU re.lated t.o P11 by 
an exponential function: 

(6) 

where • and b an variabloa, and • is the baae of natural log,arlthu . 
Uaing togroasion analyst,, oQtimacoa o! • and b wor• obtained Cor oach 
olov4t1on. Subuquent rogrcuiona of o and b on H, 1ho~d that • 1..ncroa5od 
linearly v t.th Hr. (r' - 0.997. P -0.000), the y-tnceroept of that 
relat:lonship was equal t.o O (P - 0.63), and b was constant with ·respect 
to Hl (P - 0.24). Equation (l) v,u; there Core reatatod H a !um:t1on of Hf 
And P11 : 

(7) 

~here•' ~tu• consta.nt de.fining the rel•tlo-nahtp of• to N1 , and b w•s 
• const.ant defining the influence of P1 on che error-.levation 
rohtionsh1p, ffonL-Ln••r ng:r•sdon vas u.s-,ad to estimate •• and b , and 
yhld•d th• follovlng mathea.,tlc:aal ••ttute of Punch ' s (1986) theoretical 
erro:r-elevacton rellc1onshlp er - 0.518. P - 0.000), "hero ~Eis 1n 111occ-r1: 

(8) 

Compnhon of ~ •nd ~..l ir,,d1et1ted • sign,ific~u1t rebtionsh.ip betveen r1 
•nd UE vh.•n a.ff•cta of P" w•o conald• ud (r • 0,66, P - 0.000) . We 
conclud.6d th•t About 66% of the. error in Chh study r.•aulted Eco111 
spccltying incorrect elev•t1ons. and that. significant. va..r.iatlon• l.n 
~ceur4ey m4y o<:eur vtthln studies as oni■dls move aaong different 
clav.1t1on.G . 

Ve also teated che. null hypochests ch:tt. dt1;ect:lol'\S of ert'or$ (8,) 
vere unlforaly distributed. Secau.ae graphic analyaea aug.gesced n bimod~l 
di11cribu.tlon o! 8P angloi" va.n d.ol.lbhd (Batschaht 1981). Th• hypot.hest.a 
vu rojccted following o bylolgh tott (: • 134 .69 , l < 0.001) vhich 
1ttd1cated that crYOr$ voro dlstr1butod biiao4'illy along an undircctod axis 
of about 171;• ± 23• (:t mean angular deviat:ion. ea.st - o•). (Ve note. 
however. that: the Rayleigh test gives only an approxl.mac.,. indicat:ion of 
the tnle dt.st=rlbut.lon. A scat-ter plot f Fig . 6A) clearly showed a 
quadtlmodal dlst:ributlon, ) Other studies (Craighead and Craighead 1987. 
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F'lg. 4. Sc•ttel" plots of locftt-lon 1nrou foe & P'TT phced at 23 knovn 
•it••· £((or• w•r:• •bndAcd!~~d to• true PTT location of (0 , 0). Plot• 
a.re £or (A) unconact,ed loc•tfons (n - 304), (B) loc•tlons corrected (or 
effects of e l evAtlona l error: (n • 304) , •md (C) coi:u,.ct,ed locations where 
th• error lnd•x (1) < 0 ,906 (n • 226) . &llJ pses ere t he 9SX ptobab1llty 
isocUnes and assUJ1.e • bl normal dlstrlbutlon of the crro.n. 
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Fancy ot al. 1988 , Pried-e 1988 , Seevart et al. 1989) also reported greater 
lon.gitudinal t han latlWdlnttl e-rror but o£fen(l no e ,cpbnAtlon. In our 
etudy, a byl•lgh ~Jit: indlcatad that dlr«ct.loM o f sacellice passes at 
the.tr aia.xl.au.ta pus heights (81) al.so vere dht-ribu.ted bi110dal.ly, along an 
undirected axis of obout 116· ± 2t• (z - 167,20, P < 0. 001), ,uuescing 
that errors mAy have occurred e.,tch.er directly toward or. away £ro1:1 the 
sat6ll1te . To cost thls hypothes is ve examined diatributions of 80, where 
80 - 8 - a.. A Rayleigh test indicated that 80 v•s dJ.1n:r-1buc41:d untlDOdAlly 
(z - /60.49. P < 0.001) 0:uch thiu:. er.rora tended to occur directly coward 
tho ti:4toLUc.o (8D - o• ~ 2s·) . 

finally, we r njected the null hypothes-h that location.11 voro 
unbbse<l, 1.o . (µ •• l'y) - (0 1 0). HotelUn,;•• 1-,uuaple t:e1n: indieaud 
th11.c meAn l oc~tlon vaa" biaHd tusciute of true location (T' - S5.03, P 
- 0.000). Relat.lve to the t rue loeatlon, polar coordinates of t he mean 
location ven (/196 •• 332.•). Fancy et al, (1988) obsorvod a sl.mllar 
not'th-wnt bias o:nd apec:ulated that it waa duo to d1!£oroncu mong cho 
Chr·k 1866 olUp:ioid that; they w,ed and the World Cc:odccic Sy$t•O• 1984 
ellipsoid used by Service Argos. We a l $o used the Clark 1866 elltpsold 
co reference site coordinates ~md, therefore, hypothesized chat the bbs 
we obseJ:Ved wu du• to difference.s bet.ween the 2 ellipsoid-s , Using 
N•eiorual Geodetic Survey's NADCON4 progn• to calcul•C.. di£fer•nc:e$ Mong 
eUip•olda in our atudy area, we found t:ha.t d lff•rences ave~ged 69,8 m 
(SD .. 0.2 ■). a.lrtiost entlrely ln the euterly dlrection . We rejected the 
hypothesis and conc.lu.dcd in.tteed that di.ffercoces in elllp.so ld.a 11ke.ly 
"mOGke.d• port ot the longitudin3l eompoMnt ot the bias . Pohr: 
CI.OOtd{n1u:,1U1 of t.he ,flCCUOl bl3$ ver.o o•ttm~t.ed to be 032: •• 325•). 
relative co che crue locacion. ataa mAy have resulted fram thft 
nlaclonshlp botvean 8( and 81 , and the particul ar diatributfon of es ln 
thls study. txpoc: cod dh:ccdons of oaora <fr> weta utluted as e - es 
(Fl&. 5) ond indicated that more en:or$ wore exp.occod towot"d tho nordlvcst 
siaply because 11.ore looatlons \Jere achieved du_rina ,a.colllto pusos that 
pulc.ed in th• a:outho$.IC. 

Saapllng Irequer\clet vere c.a.1culated for t • 921 sat-."ll Lt• P••H• vh•n 
P11 2! 5• (TAble 1) . Using nona.t .cpproxim;i tlona to cosp,u:e p(opoi::-tloru,:, ve 
tesu:d 2 hypotbe.su. Flrst , ve rejected the null hypothe.h th•t aaarpllng 
frequcne1c.s voro unatfo.ctcd by e,erreln. For both 11$ and Ls• aaapllng 
!reque.nctu vAried among vall•y, aid-slap-, •nd mount;,iin peak sites (Hs; 
X' • 21.27, 2 d£, P • 0 .000; ts: X' • 20.61 , 2 df, P • 0.000). A 
Tukey-t:ype comparison of proportions lndi.coced thJt H1 wos g1;oaur at 
cald-dopo thon volloy bottom decs (q - S.42, P < 0 .001), and n_, vu 
g.reater at mowitaln p•ak t.ha.n 11ld-alope aites (q - 10.62, P < O,OOt): L, 
\JaS greater at ■Ld-slopc than valley bottom sltes (q - 10.15 , P < 0.001), 
but d~d not dl££er algnlficantly Mn10ng Qld~slop• $lid ao~nt•ln p~ak sites 
(q • 1.59, P > 0.20) . Por valley bottom vetau.s mountain P••k si"s• 
terrain reduced H5 and L5 by about 17f •~d 411, respecci.vely. Craighead 
end Craighead (1987) sill.l.la.rly reported lover l ocation e£ftc.iency for PTTs 
1n mountain v~Ucys . 

Ye alao rejecced cha null hypothesis chat •AmPltng frcqucn~ies vcre 
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nhtloMhlp 81 - 8 5. 

Table l. Sai2ptlng fc•quencies o[ scntot and locatlon dttt4 for PTT 6160 
at va..lley , mld-slope. and 111ountaln pea.k r.lees , and on a b ighorn eve 
occupylng o ald~•lopo winter r~nge . S la the number of satellite pO$SOI 
••v«-Uable• (P• ~ s•) to recet.ve PTT tr.insm.lsslons, H, ls the proportion 
of passes "lherc ~l motsaga vas received , a.nd L, U the proportion of passes 
in which locations woto Calculated. 

Sito $ H, 

Alt Test St.tfl5 •s• 0. 9lli 0.S24 
Yallay 129 0 ,822 0.3S7 
Kid-slope. 143 0 ,902 0.S73 
Peak 182 0.989 0. 604 

Adu.le Eve 1,467 0.768 0.29) 
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thu ;:uc: whether c:he PTT was deployed on the g-round or on an animal . 
Sampling frequ.ancios for a radlo-colloru(l bf..ghorrt ovo occupying a 111.id-,;lopo 
winter range vere compared v lth mid-slope sampling fnquenc1•a U'om. 
pre-doployaent tosta (Tablo 1) . Vhon cho PTT vai, doploycd on the e ..,.e, Ifs 
dcc1.1ncd About 1,1 11n.d 1., decUned about 49%. Dtfferenceg vere aignift.canc 
(n,: z - 3 , 69, r - 0 .000 , L,: z - 6 , 86, P - 0.0001. 

S.tapl1n,g frequency ia 4 MJor <lc..tcnitn.anc of coac-oftcctivoneos . 
Croigheod .,nd CteS.ghi,nd (l.987) e.actucad chat aacellt.ce celeaecry coac about 
15 cimea leaa than conventional VHF tele .. cry for tracking carlbou (lung If er 
tar«ndus), but obae.ne.d ch"c cosc➔ffe.cct.venu.s N)' VIJry Vlth cho nU111bor 
of collars pu.rchased_, n\l.fflber of locadons aade, and atudy area, Ou.r naulta 
Lnd.icatad that varlati_ons vithln and among atudy areaa uy be aubstant:tal 
and that aniul uao 0£ hlgh ohvatlon,11 aay bo ov•nati.Jllatod dua to effects 
ot cerrain on supllng frequcnoy. 

£nor oor.nctlon,-Muc.h of che error in th1$ study vas accrlbuted 
to dlf-f•nnceti betveen a;ctual ,md -.sumed PTT ehw•tions. W'e suggest such 
er-ron, ••Y ba par;-tta1ly corract:t1d u•lng ••tlau1tot1 ,;,f or-r,;,r coordln3c:-os (r'1 , 
t\) , Bec•u•• error• tended t:o occur: toward th• a11telllto, e, wea esNfllated 
••= 

(9) 

As oltNational orror incrc.asos. r, should lncrea.si.ngly be.come. a qua.drat le 
funct.ion ot P,i ( rrcnch 1986, fancy ot al. 1988). Osing polyno.adal 
1"fl$U!Ul-iOn, J"f WlUI eat1JDl'ltf)d 0$ (r - 0 . 126. P - 0 .000): 

(10) 

ihh relationship should YtJry (lnion.g tit'\ldies doponding up(ln actual 
elevation~t error. However , ic U probtb~y a good opproxim~tion for our 
study area and lll\l.9tratea the proposed correction , 

Civon c.C, , ,E), locations ven recalculated. Errora for eornete.d 
locartons wore significantly lo&& than for uncorrected location• (Fit, 
t.S) (Mann·Whiu,,oy U304,304 • 81,933, P - 0.000) and wor:• unbiased, i.e. 
("'x, '-'y) - (0, 0), (Hoc-ellin.g's l"9 - 1.99, P - 0,7S). Tho lognonaal ou.n 
et-roi: of t:he c:oi:-nct,e<l locations vas 908 111 , There s"t"Ul was no slgn1ticant 
difference in accuracies Wllong P21.0C • l and NLOC • 3 locattona (Hann-\ilhlcn.ey 
U11,l7l - 4,)Sl , P - 0.49), \i'lth 68X of cor:r:occod locations within 1,092 
• of th~ t:r\le location, accuracy vas signi!icontly bettor than th• l , SlO 
11 ex~cted for NtoC - J loco.tlons (Z - l.96, P ... 0.000). Thh sug:g••t•d 
thRt given the cor-rec~ el~vatton, performance for Nt.OC - 3 114y be better 
th.An adver~lsed by Service Argos. A Rayleigh cest lndicated cor·rcctod 
loc•t:lons voro discdbuced bin,odfally along an undirected axis of o.bout. 111 • 
:t 33• (i • 32:.411, P < 0 . 001), a.nd chat e, continued co exhibit a 
slgnlflcanc , thout,h moro varhhl•, rebti.,onship co 8$ (&0 - 24• i: 72• , z 
- 13.11, P < 0.001). 

Ve concluded that error correction improved the dist:rlbutl.on and 
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Fig. 6 . R.el11ti.onahlp oC tho orror indent (1) to obser:ved eri:-01: for: (A) 
uncorTected locatlona, and (&) for locatlons corrected for •l•v•tlona.1 
error. 

preclalon of locations . lt 1$ potentlolly VAlu3b)e for altlgattng errora 
vhen elevation connot bo ~en,oMbly ettiffil'lted tn advance. although moro 
unlvftrs11l modti 1ft or che relatlonaht.p between •rror . olcvatJ.on , and ,cu;elll te 
p11u height ~Ul bo nqulnd [or tho ,ac,chod to bci broadly applicable . 
Hovaver, lt ro■mlns preferable co speoify the correct elevation prior to 
daploya:ont. 

Error tndox.101,-Error h1d1ces (I) (Flg. l. eq 5) -we.re calc.uleted 
for 302 uncorroc~gd and corrected locations. Regressions of l on error 
vero a1gn1Cic.ant (F1g. 6). ,uggcsting that 1 vas a useful index of both 
r11v t1nd res1dua1 orrot. To dotermlt\C 1 1;hreshold value for I, locations 
vlt:h the largest /-v('l1Ue$ were e.-xcluded Urse and lognonu.1 aeans of 
renalnLng loctu:lon.s ven calculated. The resulting relation.ship of 
log~onnal aean error to ••ff1Ple sl~• auggested that moat beneflta accrued 
vhen about 20- JOX of the locations with tho l.airgest 1-velues were te.Jected 
(Fig. 7) . Vhcn mote th&n 801 ot toc&tlon.s vere reje.cted re$ult• became 
unpred1ctable . ror thh: s:cudy , ve U$Cd conected loe11ct.onn nnd excluded 
•bout 2Sl of cho lacfttton.s (r < 0 ,906) (fig . l1C). Ule lognorul mean 
error of corrected, indexed locations where I< 0.906 vaa 665 a , and vas 
algn.iflcontly lc.u th11n tor. 111 l cort"e.eced 1ocat1on.s (Hann-\Jhtcney U304 226 
- 41,106 , P - 0. 000) : 68X wore within 830 111 0£ the true location. Hovevflr. 
the resuld.ng estimate of tho tru.e locatto·n was slightly blaHd (Mott1lUng•• 
r - 21.07, P - 0.000), with tho ■Hn occurring at ~l•r coordinac-•• (147 
m, 242•). \la concluded that Lndoxlng provldod an objectt.Yo b•tl• !or 
rejecting. with a hlgh probabUJ.ty , the mott erroneous locatlont. 

Veichted utillzAtlon dtatrlbutlona.- A bivarlato normal dlstrlbution 
v44 utie.d r;o model re.sldlllll error following error correct.ion and the 
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11111J11n en:or. where loc:at'.ion, vith the 1Arg~$t 0-rror tndtcea (J) wore njcctod 
£lot. Col" (A) uncorr~ct~cl loeat: lontJ 111'\d (a) location• corcoctod for 
olevntioMl error. 

rejoctlon of loc•tlons where I< 0.906. The mod~l•s prob•b1Uty d~n~lty 
ls (&~tsch•l•t 1981~269): 

(\I) 

vhere 

/.I,) I (y - /.I,)' ) (12) a J • 
r 

Although b1H ext.seed fdlloli1t'lg ln<lex Lng, roso1U1 £or th• bl•• vere not 
appe.renc-, nor was i t- cleec- trnlt bl.u: "~" an inherent chaucterlstlc of 
the usldu111 l error dbt.rlbutlon. At.o. the bi.as vaa s111all (147 •) . 
Thet"efor•, we auwaed t1t.tt (µ. µ) - (0, 0) follovtn.g eorr-eetion ,ind 
lndoxl.ng. Otlh!:1'.' paumete:cs Ye:e el'tinatcd u o. - 70L m, oy - 4S7 11, ,ind 
rx•y • 0.076, where rx·y b the correlat.ion botveen o 1.tnd ay. The. model vas 
comp•red vith the obae..rved 61.ltrlbutlon of re.sldua\ ~rrors trom the test 
data (fig. 8). With <l.,_tn £roa t he blg.horn ewe., lt vaa used to construct 
a WD. 

Aolall IrackiP&-- Dur-1ng ~ov. l986-oee, 1987, 395 location.a: ve.re 
ca lcul ~ted for a PTI-colla(~d eve. Sa•plJng frequency varied seasonAlly 
(Fig. 9), probably duo to ~ffecc.. of terrain and loss o( battery power 
over- tlme. Abo\.lt l 1oe"9-t.lon pe.r day vu achieved when tracking began and 
tho e,..o occupied o low- to •ld-e,levatlon "'lnbr rang.• . Saiapllna f.requ-.i.,cy 
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fig. . 8 , A b lvarlatc norul aodel of the <lhtrlbut.lon of residual error 
tollov tng error cotnctlon aod rejecti on of the 2Sl of locations vltb th.c 
hrgnt error indicu (I) . Both 3-cUaoncional (top) •nd 1.-d.bnendona.l 
(bottom) vtews ~t• •hown. In tho 2-41m~n3ional lnagc, ol11p,os ropresent 
probability lsocll1te:t ranging from 0 . 1 (a.mallut) ~o 0. 9 (la1:gest) in 
intervals of 0, l. Obse.rv~d redduo,l ertors (Col lowing correction end 
indod113) fro• toutlon• of a PTT pl aced oc 23 known a:lt.es also ace plotted. 
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Fig. 9:. Variation in s.~mpl Ing frequci:ocy a.a • Cunct:lon of ebpsed ciao 
sJnce deploymgnt. Tne PTT was deployed 27 Nov. 1986 and waa ~roaraaaed 
to cran•ait 6 hours per doy thttmghout the ye:u: . 

lnct:el\!lfld co about 2. loco.tlona poc day 01 the e1-1e 111oved to le!flblng t1nd 
Mtly 1tummet· rang.ea at highot' olov•tiOl'l.ll. Although the eve remained l'lt 
hlgher elevations durlng late swmcr and early fall. sampling Cr~quftncy 
dropped to less than O • .S loc•t10I\$ per doy ofter about 8 ,aonths, pruV,111,il,ly 
due to batt.ery fatluro , T1·onsml.tu1loo..s ended about 13 months t1ft.tl"' 

deployment. 

Error corroctlon 4Uld indexing helped elucidate th• ew•' s .-e.eaonal 
movemunta, M cut"pecced. uncorrected locet.lon• we£• v ldely dhpnned (f'lg , 
10A) . Ehvationol error vas evi dent ln the clusters of loc-t1tt.ons e1;1,sct 11nd 
weat or tho owo's wlntcr ronge . which vas center:ed •t UTH cootdlnat•a of 
above. 30$ 1<a c,u:c ond 5609 km not'th (UTH ~on• 1,2) . A(ter.' •t:1."ot' cor'rectfon 
(Ftg, 10&), locatlons won centeod 111pproxl111.11tely •.round the known winter 
range on the lover south slopt.J3 0£ Ht. A.ltyn , and •round known spring and 
suaMr r~ng•s ln th• Cftnyon Creek drainage. Error ind~xln.g eliainAted A 
nwab• r o( • pp•tant. outlh.r• (Fig. l OC) . It vu cneourAglng t .hnt IIIO$t 
autllera occur.red to the. cost nnd wtt;t of t.ho mAJor Ctonee.ntn elona of 
loeatloos, ns aost errors vorc expected tn the longltvdl na l dlrectlon. 

The arror ln<lodng procedure. v u 11od.lflod !or analyses or t he cvo•s 
IIIOVeaenta. As wlth tho CO$t d3tA, 4 threshold valuft o! 1 vaa aol•cted so 
t hat 2SI of the saaple vu- r ejecud. Hovever, lndlecs \Joto then 
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Ftg. 10. Dlstrlbut.lon ot locations; for: a radlo- collotad owo dudng Nov. 
1986-0ec. 1987, ahovlng (A) uncorrected locft tlon,. (B) loootion, eorroceod 
{or eleva tt onftl error, nnd (C) corrected loeacton$ with -bout 381 of the 
saapl.e rejected based on iteratlve e..rrot lndexlng (se.e text) . 
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recalculeced for i:•111Ainln5 dat.• and additional loc.atiorui \/ere e xcluded 
using tb• ••ni• threuthold value of I . This vas repeat.ed until indices tor 
~11 loc;.at:lcuis were less than the threshold value . Throe iterations were 
required .._,Ki about 381 of tha location, 1Jore rojecced . An iceraclva 
approach vos used bccnw.c oxtrcmc errorA and duplicate locacions led to 
situations not encountered in the cese data. &xt.rea.e orron (>SO km) 
occurred vh.cn tho vrong 11oluc-lon for cha location algorithm vaa aohcttd 
(et1ch heation calculation has 2 poaalble solutions). Although 1uch orroo 
vere correctly identUiad •nd oxcludad •• outlier$, in sovoral instance, 
a.mallar outllor• (<13 km) occurred iullllediately before or after an extreme 
outUor. and 1n che. s~ diTccti.on. the nsulcing sequence ,was int:e-rpret•d 
by the 1ndex1ng algorithm~• a dlrected movement where 8 epproached tao• . 
Consequently. some obviou&: out.lien vere not reje.c·ted vith only l 1 t.•t3tion , 
ln other insunces. 2 location• ves:e c•l.c:u.lat«d fr0111 • •1..nale aatellite 
P••• . Th« 2 location• ..,er« nev·er ldentic:.t but often were slm.Ua.r, giving: 
the fa.lae lnspre,uiion th.at a aeco1'1.d, indep.e1ttUnt location ha.d been achieved 
to cor-roborate the Cirst. 

ltort1tivo indoxlng resolved theoo problc11s but o..teorcd the asiumptt.ons 
of the procedure , tsy ucd,n.g 3 ttot:Ation$ ve lapllct.tl)' aaaumed chat: >2 
loc•tions may be requir•d to corroborate an apparent. move.ment:. 'nils chang• 
had• aubstant.tvo off~ct in only one instanca. A movo111ant of about 10 Ml 
occurred 1n htc su.acr after the bac-tery bega.n to foU ond sa.mpUng 
frequency vas tow, FoUovtng indexing and rejection of 251 of the s~mple, 
tti. caov•1Mnt: ·w<f!is. (locwaented by qnly 2 J:'•btJ.vely di.st.-nt polnt-. whlc.h w•t• 
both tejected aCtec $Ubsequent ltara~ion• . £vldence of cha mov~nsent w•• 
lost. [ro,.m the fin.al data Ht. \.le chose to accept thU: limication for the 
purpose of describit\g core u..se area.s wl thln the eve'• home r.ange, u 
roject1on of tho addit1on4.l locecions did not alter the outcome appreciably . 
ln tho future, the problem aay be precluded by alttiring duty eycle.s to 
t1chl.tivc more e.von Mmpllng throughout t ,ho yeor, theroby teducing the 
likelihood th3t aigntftcant movemftnt~ viU be docwaented by only l or 2 
locaUons, Alt.e.rMt.lvely, e.xeren1e outliers (>SO km) pr-obt1bly ca.n be 
ldentified And rejected prlor to lndexing. hence only l it.e~ation ~ould 
be needed. Due to change• in the locatlon Algorithma in 1987, mulclplo 
locat.ion.a ar• no longor calculated from a single aat.ellite paas And ahould 
not affect error indexing of posc-1987 daitA , 

Fin.ally, we calculated a Wb Crom the 2,3 loeationa that remalnod 
aftor it•ntivo lndcxlng. Coro use anu occurred on Ht. Altyn, Kc. Allen, 
and Yellow H.tn. A IND vos then const'l'.\lCtCd u.Ging only thoso locations 
within the core Areos (Ftg. 11) . Soquontl•l loco.tiona not vithin a coro 
area vere idenc1fie4 8$ aove■elltS, A ,epo.rat-e WI) vao co11ocruct-od for e.ach 
111ovement ancl t he "ridge line• of the \IUD' s !.tatlst.lc• l certain wao dtg1thed 
to ••tt .. t• the likely tr~vel corrldos:, Approximately 4 corridors vere 
idantt.Ei«d . A compoaite of the core •r-••• and t"r.avel corridors alllOng areas 
VU; constructed (Plg. 12) , 

'th6 resulting picture o[ bighorn .ovetitlt pato.rn* agree.d "•ll ..,ll:h 
visual observations: the ewe occupied the: Mt . Alcyn range mo9it o,f the 
yoa-r • lambing took ploco cov3r(l tho Gou th tnd of the Ht. Al.len ran&e ln 
the cliffs above CAnyon Creek. ond some 0$0 VA8 obset"Ved on Yellov Krn . 
ln tu.1.mmer. VUIWJ.l obnervatton.s lndtc.ntcd greater use n.~ar tho hO:.td of 
Canyon Creek (Mt. Allen range) th&n vu evident in the VUD (Ftg . 12) . 
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Flg. 11. Yelghted uctlizatlon distribution (WUD) for core reoges used by 
a ndlo- coUand awe d\lclng tfov, 1'86-0cc. U87 (%)0 m UTH gdd) . n,c- HL. 
Alcyn "'lncer ranae h the highest peak. e-he He. Allen lubing e.nd s-UP1111er 
nnges ai-e to the right, 11nd su1MJer nnges on Yellov t'1tn , •n to th• l•Et. 

How$ver, ws• of upp•r Canyon Cce.•k _. •• obau·ved prlaiarl.ly in late .tWBtlMU' 

wbeo si,mpltng (i:equency WH low, priuwa11bly due to battery £allure . 
Hod1£.Lcat.1on oE the PTT' a duty cycle to achieve eore eve.n aa11pllng 
throughout. the y••r would llkely have. resulted ln • better plcture of 
Late-SUJUl8t' use. Hovefflent corridors between Ht . Allen and Ht . Altyn were 
confiraed by visual obsetvstlons and tr<11oke, 88 wee ti$') ka of the corridor 
leedlng ont.o t he 'idlov Htn , ong• . T·rev..t. rout,..s tdenttrt.•d b11tvun Ht , 
Altyn and Yellov Ht.n. vere: suspected due to the terratn ond geae trails 
in those ,u:eu, but vere not conflt:med by sightlngs. .The. Vtndy Creek 
corridor betvocn Ht. Allen and Yellow Htn. vos uneKpectcd: escape cover 
is gonoroUy roor. tho nnlmnl hnd to svta Shtrburno R~servotr. and tho 
route ls not t'lubsuntlt1lly short.er thon Alte-rMto routea wlt'h eood eacape. 
cover. Hott. 111ove.111entt occurred vlthtn 1- 2 day periods and it h unlikely 
that tr.avel corridors vould have been doeuacnt-ed tlsing VHF tcihmetry. 

CONCLUSIONS 

&arllcr studios (Cr,11ighe.ad and Cretghead 1987, Fancy et al. 1988) 
found that satellite telemetry offeu important economic end loglatic 
•dv,ntages for wlldllfe research . we concur. parttcut&rly lf sources of 
error are recognized and aitigation measures are used. ln Hontana ' s East 
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flg. 12 . CoC'O blghorn rnneet: {thln Unes) and their auoch1ted tnvel 
corrtdon (dark- llnes) ln the K•ny Glacier ar••• •• Identified from velght od 
uttUzatlon dlatrlbuct,on$ (VIJDs) calculat-ed frors 243 loc•tt.ons oC 11 
udt<M:oUnrcd ewe (He text). nie Jit. Allen nnge ts at tho bottOIII, the 
He . Alcyn ri,ng.c 1s represe,, ted by th• hlgh co®entration l n the center, 
and the Vellov Htn. ong• ts in the upp-er r-ighc , 
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Front r~gion , inclt.mcnt weother and rugged terrain have t.ndlt.lonally 
confounded telene«y. 11-ie 395 loc•tlon.s achtev•d during a 1-y•ar perlod 
for a PTJ'"""'Colltn:ed ewe dett0n.st-ra,ted an unprecedem:ed capabillcy co document 
i:easonal .ove .. nts , T•r-r:ain nmAl ns • confov.nding factor, as effects of 
ele:v.atlon. a.nd topography ... y greatly lapact: accu..tac.y and aampUng fraqueru;y , 
Hovever, supling frequency vas still >l location per day and effect• on 
accuracy can be either precluded or •itigat•d by sp6c1fyLng mean elevation 
in adv~ncc or vlo corroct1ons . By using WUDs to vc1ght habitat component 
Layers v lthln A (HS onvtronacnt, ve sugge.Gt t.hot 5otcllitc tcletklt:t)' da.ta 
can be u.sed eco dovolop habicat U$& modoh And t.o •odcl tho probability ot 
movement among habitat patch•• and local population& , Coupled vith A GT$, 
such models may be applied over broad landscapes and offer• powerful cool 
to coat and optilllize consarvat.ion strategies. 
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