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Abstract
Posiijon c\rlmrLes detennined fronr LorS Rrmse N.rvigation C ILORAN-C ) crn bc bixsed because of ruggcd topogfaphi,. po$ cr
lines. and rrrincr.rl deposits. We contclcd posrtion birs of a I ORA\'C rutonated animrl tr ckinS s!srcn used on the Srarkc)
E\periinenul Fore\t rtnd R.rnge in nortlrc.r\t Orelon to lrack mo\cnents ofRocky Niorntainelk (Ce^u\ (htnt s Idsoni),t11rtc
deet lOl...il?u\ ,.,rlorr.r). .rnd caulc lr.)r r./r/zr). LOITAN C time difierences rcrc obl.rined ffom 186 Dillcrcnti.rl clobat
Positioning S,vstcm silcs Locrted s)\Iemaljcxllt &roughout lhe Starkc! lxperinenral Foren rnd Range. We used gcostrrtistics to
rntefpolrte po\ilion dependent LOIIAN C distoftiurs in the Starkcl [\perimental Forcsl and RaDge to improv. rhe absolute
positioning accurrc\ ol lhe auromated rnirnrl rrrcking \)stem. Tiuc difierences $ere obtained lionl LOII,\N Ct collaf\ placed it
20 rando r srlcs. Position\ lverc calcuhted alief coffecring rhcic tine clilTerences for bias. These posrtio.s $ere comDrred lir
accur ic} i tg i tnst the\anleposi l ionSdclcmineclb] ' lDi t fercnt i l iGlob. l1Posi t ionigSj 'S{en(accu|
Na!igali|)n. hc.). Posltioning accurucr incre.rsed lbr thc origin.rl ruomared aninal lracking sy\reln (P < 0.05) lvhen r\\o cor
.ectcd limc drllefences rere u\cd to obtain po\itions hur nol ir rhe upgraded aulon]alcd animal tracki g system (p > 0.05) {hcn
I 'l corrcclcd lilne diffefences rcrc u\cd to detefmine losirions. Holve\et unconcctcd positidrs f|om thc upgraded automalcd
animal trackrrg sr'\ten we.e as accurllc irs corected positions lion the original aulornalcd trnimrl tfacking sy\len \t .rre 90t;
confident thal crch LORAN-a] positio . Nflcr coffecting ior bjas. $as \\ithin a ].,1 ha arc.r ir the ofiginal auunated animal
n.rcking l rncm l l ld  a 3.1 ha.rrea in thc upgraded rutdnated anjrnr l  t rucking syste .  rcspcct i !e l ) .  \Ve bel jc \c th l r t  tb i \  at ra incd
levelo laccu cr  $ i l l  be rdequatc forhabi tat  studies grven Ihc nzc dist r ibut ion ofhabi i ] |pol}gon\  $ i rh in rhc Sl t rke} E{per i  cn
tal Forc( rnd Rrnle. Nfethod\ prcsented to identif! a.d corect bi.rs of radio tclcnerr\ positions can also be used ro incrcasc
posilioing rccur.rci of norr LORAN,C b.rsed radio lclcmett.

Introduction

The potential ofLong Range Navigation-C (LO-
RAN-C) firr wildlite research along coastal en-
vironments has been descdbed (Pafic ct al. 1988.
Boer et al. 1989. Collazo and Epperly 1995). Al-
though Leptich et al. (199.1) evaluated the accu-
racy of aircraft-based I-ORAN-C IirI rvildlite re
scarch, 1ew data arc available on the
terresh'lal bascd lccurrcl of LORAN-C, especially
al silcs in interior North Anrcricr. and its useful-
ness for radio-tracking lree ranging wildlite.

h 1989. the automated aninral trrcking sys
tem u as deploycd on the Starkev Expcrimental
Forcst and Range (Starkcy) k) track positions of
Rocky Mountain elk (Ccnris elaphus nelscnri),
nule dccr ( Or1oco,lfu, u s lrcmiottus),ltnd cattle (Bos
rar ius :  Bryant  e t  a l .  1991.  Johnson e t  a l .  1991) .

Prcscnl rddress:LISDA. Forerr Scr\icc. l,lfi & Independcncc
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This system computes positions of animals
cquipped with LORAN-C collars by differentially
correcting the tine diff'erences of signals received
by the collar and retransmitting ftem to the auto-
mated animal trackil]g syslcm center (Dana ct al.
1989). During sumner and fall 1991, wc placed
LORAN-C receilcrs used to track animals at
known positions conrputed by Difftrential Glo-
bal Positioning Systcm (DGPS) to ddermine rhe
accurlcy of the automated animal tracking svs
tem. Results of these tests showcd multi-direc-
tional biascs in LORAN C positions up to 150
meters. padicularly in thc nofthwest conlcr ofthe
study area (S. L. Findholt. unpubl. data). A bias
of this magnitude was considered unacceptable
given the distdbution and size ofhabirar patches
*,ithin Starkey and the goals of our research.
Thelefbre, our objectives were to: (1) repofi on
the accuncy of a terestrial bascd LORAN C radio-
telemetry system at an interior study sitc. (2)
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docunent the nagnitude and extent of LORAN-
C biases within Strrkey, (3) dcvclop corrcchons
to increrse position accurac,v of the automated
animal tr-acking system. and (4) cvaluate the ex
tent to which conections improved accuracy. In
this paper we uscd Whitc and Garrott 's (1990)
definit ion of bias *hich is a mean en or signifi-
cantly diflerent tl-om zero.

Methods

Descr ip t ion  o f  S tudy  Area

The study area included most of the Starkey Ex-
perimental Forest and Rangc, located on the
Wallowa-Whitnan National Forest. about 35 km
south\est of La Grande, Union County. Oregon
(Figure l). Vegetation on Starkcy is a mosaic of
loresl stands and open aleas (Sfickler 1965). Forest
stirnds are dominated by pondcrosa pine (Plrras
pontlerosu)- with grand fir (Abies grandi.s) ant)
Douglas fir (Prerirlor.vrg.r ,l.r:ie.rli) occurring oD
northcrn rspecls. Soils are derived l iom basalt
andpunicite (Strickler 1965).The l0,l02hastudy
rrea at Starkey is encloscd with a 2..1 m high fence
fiat reslricts movemeDts of elk and deer. Elevl-
t ion  ranges  f rom 1 ,120 to  1 .500 m.

. . . '  . \ D ^ | I C B a Sv  o v , , , r u u e

We used the University ol Calgary's LORCAL
system to determine thc nragnitude and ertent of
position-dependent biases withil Starkey
(Lachapelle and Tou'nsend 1991 ). LORCAL is a
po able systen used fol the signal analysis and
calibration of LORAN-C using DGPS. From 25
No\cmber to 27 Novembel 1991, approximrtely
20.000 data points werc collected coverin-t ncarll-
2,12 km of accessiblc roads within Starkey.

D fferences Between Orig nal and Upgraded
Autornated Anlmal Track ng System

Dana ct al. (1989) described rhe odgilal auto-
nated aninal tracking system installed at Starkcl.
Briel1y. the base station computcr rcquesls a po
sition fiom ftc radio collar r,ia a coded signal that
activates the collar's LORAN-C receiver. LORAN-
C signals receivcd by thc collar are rebroadcast
by the collal over a microwave link to rrdio tow-
ers that rclay the signals to the base station. Posi-
tionirg sottware converts the LORAN-C signals
into differentially corrcctcd UTM coordinates and
slorcs the results il'r the conputer. In the original
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radio-telenetry system at Starkey positlons $,ere
computed every 15 secords. whereas in the up-
graded systcm, positions arc obtained every 20
secol'los.

The main diflerences bctwccn thc original and
upgraded radio telemetry systems aflecting po-
sit ion accuracy are the number and locations of
LORAN-C trrnsmittcrs uscd by cach slstcm (Fig-
urc l). ln the odginal automated animal trackirg
system, positions wer-e determined liom three
LORAN-C transmitters from the U.S. West Coast
chain (Group Repetit ion Interval. GRI 99,10) 1o-
cated at George, Washington (99.10W), Fallor,
Nevada (99'10M). and Middletorvn. Crlif irrnia
(99,10X). The upgradcd slstcm. installed on l7
July 1992. uses six LORAN C transmitters. the
original three along rvith three other-s: Searchlight.
Nevada (99.10Y1 and fansmittiDg towe$ atHavle,
Montana (8290M) and Will ianrs Lake. Brit ish
Colunbia (8290Y) from the Noth Central U.S.
(NOCUS) LORAN-C chain (CRI lJ290.).

Correct ons for LORAN-C B as

Corections tbr bias were developed tbr the original
and upgraded automated animal tracking s)'stens.
Fron 24 February 1992 to l5 May 1992. a sys-
tematic sanple of 372 sites was located within
Starkey at approximately 400 m intervals. At each
site, LORAN-C time dit ' fercnccs wcrc mcasurcd
on 9940W and 99,10X using a potable,land based
Apo l lo  Mnde l  602 T  OR\ \ -C re \ 'e i \ ( r  ( l l
MORROW tnc., Salen, OR). Al'ter leaming that
the  upgr : rL leL l  Ju l r ) rn i r leJ  rn imr l  t rJ .  k ing  . ) . te rn
at Starkey would use data fiom GRI 8290 and a
tburth transmitter f'rom CRI 9940. time ditler-
ences wcrc mcasurccl at 14 random sites krcated
firoughout Starkey for 99,10Y and 8290Y Time
dilferences obtained with the remote LORAN-C
receivcr. wcrc difltrenLially corrected with data
lron an Internav LC4Oll dual-chain LORAN-C
rcccivcr at Lhe Starkey computer center. Without
d iHeren l i J i  c r , f fe \ . l i r rn .  LOR \N-C p , . rs i t  i r rn  e r r  r
rvould increase by about 1.200 m at Starkcy.
LORAN-C time dit'ferences wele measured to the
nearest 0.1 micro-second (pts: i.e.. 30 m).

A true positlon was determined lirr elch of
386 sites at Starkey by collecting a minimum of
lE0 three-dimensional f ixcs at cach silc with a
GPS receiver (Trimble Pathfindel Trinble Navi
gation Ltd., Sunnyvale. CA). DGPS operating
paramgters used wcrc an clcvation mask of 15
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degrees, a signal-to-noise ratio nrask of 6, posi-
tion dilution of prccision (PDOPl mask of 8. and
PDOP switch of 6. The 180 positions u'ere dit:
ttrcntiall)' corrected using data liom the Pacific
Northwest Region Community Base Station in
Portland. OR. 319 km from the computer center
at Starkey, and then averaged fbr a sing)e posi-
l ion  l i ' r  e r r 'h  . i te .  Br .e  . l r t ion  l , r . i t i l ns  ucre
collected at 5-second inten'als with a GPS receiver
(Newton 6 charnel, Trinble Navigation Ltd..
Sunnyvalc, CA). DGPS cstimatcd positnns wcrc
conrpared to thrce sites within Strrkey \!ith knou'n
locations to assess the accuracy of DGPS. UTM
coordinates obtained b! DGPS rvere converted
to the appropriate time differences for each pair
of LORAN-C transmitters. The dit'ferences be-
tween the diftercntially conected LORAN C and
DGPS time dit ' fblences represcnt thc distortion
iD the LORAN C signals. We used the North
Amcrican Datum of 1983 forboth LORAN-C and
DGPS geographic Iocatiors.

- \ / -  : l  n ^  e  r  e e r <  n f  l ^ n r r c i  r i n n  P n q i r  n n

Bias

First, $'e tested:10 radio-telemetry collars at r
DGPS site within Starkey and detefmined that
all collars rvere functional and pnxided the sanre
positions. Then two collars were placed approxi
mately 1.5 m above ground at each of 20 random
sites within Starkey. A random samplc ol approxi-
mately 300 attempted positious was obtained from
each collar. 24-hr each day tiom 27 October 1 992
to 3 November 1992. Each time dil'ference was
screened fbr minimum threshold values of signal
strength and signal to noise ratios. Two time dif
lerences (3-.1 tine ditlerelces in the upgraded
automated animal tracking system.) that nret mini-
mum criteria were used to calculate a UTM co-
ordinate position. The number ofusable positions
for thc analysis varicd from 3.1 k) 2rl0 lor cach
collar. For each position, predicted time ditler-
cncc co[ections! calculated fron block kriging
algorithms, rl''as added to or subtracted liom each
time ditlerence obtained and the corrected posi-
tion was dctcrmincd. To cvaluatc how succcss-
fully we conected bias liom our LORAN C po
sitions we comprred UTM coordinates obtrined
fron DGPS at each site with both uncorrected
rn , - l  b i r . -c , ' r rcu tu , l  LOR \ l \ -C  por i t i , ' n  c ' t imutc :
for both the original and upgraded autonated ani-
mal tracking systems. A single measure of eror
rvas calculaled trs thc hypotenuse ofa right triangle
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whose legs $'ere the differcDce between thc csti-
rnated DGPS and LORAN C UTM coordinatcs.

Area Est mates of Fad o-telemetr
Pos i t  ons

The same data set that was used to elaluate our
success at correcting LORAN-C position bias was
uscd to calculatc thc lrea estinrates of radio-te-
Iemetry positions. Area estimates wcrc brsed on
the distribution of radio-telemetry positions sur
rounding point estimates at each of thc 20 DGPS
radio collar sites.

Stat stlcal Ana yses

Because bias of LORAN-C positions was spa-
t ia l l )  au lo (orch led .  \ \ c  u :ed  Eco. l i l l i . l i ( \  L ,  in -
terpolate time dillerence distortions throughout
Starkcy fi)r LORAN-C trrnsmitters 99:10X, 99,10Y,
9940W. and 8290Y (Gamna Design Sofiware
1992). We evaluated the degree of autoco[elatron
Jrn , ,ng  meJ\urcJ  L l . r l i r  f , , i I l .  u . in !  .emi - \  r r i i rnce
statistics (Marx and Thompson 1987. Robertson
1987). lsotropic scmivariogram nrodels of t ime
differcnce distortions were obtained with wcightcd
least squares analysis and used to interpolate values
lbr points not mcasured using block kriging al-
gorithm.. We u.cd a aekl-n lc analysi. lo corn-
pare estimated values fbr each sanpled coordi
nate with actual vil lues.

We used bkrck kriging to estimate time differ
ence distortions fbr 500 m' areas within Starke)'
lbr GRI 9940X and 9940Y and 2000 rnr areas fbr
GRI 99,10Y and GRI 8290Y We estimated timc
di1l'erence distortions fbreach block with weighted
values of I 2 nearcst measun:d timc dilfcrcnces w ith in
a 3.000 m search radius ofthe block. Points rvithin
the block contdbuted relatively more to time dif-
Ierence distonions than points outside the block.

We used a completely randomized block
ANOVA to compare bias ofuncorrected data with
data conected for bias (results from block kriging
algorithns only) 1br both the original and upgraded
radio-telemetrv systems. We used a Student
Newman-Keuls rnultiple comparison lange test
to dctcrnrine whether corrected or uncorected
positions contained lcss bias.

Results

l\,4agnitude and Extent of LOFAN-C Blas

Results liom the LORCAL system indicated that
biases in LORAN-C positions ranged liom 0 to



200 meters in absdute ma-rnitude. The largest
biases were firund in the northwest corner of the
study area.

S r ,  .occ  >  T  - l i r  , .  ̂ n  R - ,q  F .^ ,n  I  OFAN_
C Rad o te emetry Pos t ons

Sumrn i rD s la l i . l i cs  o l  i .o l ru f  i c  .cmi \  i r r iogr rm.
lbr time difference distoftions used to evaluate
topography-induced bias are plesented in Table
1. All conelation coefficients were significant at

P < 0.05. The results ofjacktnife analysis indi-
cated that estimates of points were highly cone
lated for observed time differences (P < 0.01).

Position bias varied (F = 1.79 3.51 tlf; P =
0.0002) among -qroups (Figure 2.). We were able
to significantly improve accuracy (P < 0.05) of
lhc  o r ig in r l  uu tomrr leJ  rn i rn l l  t rcck ing  s l  s te tn
when positions wcre conected for bias. The mean
dift'erence between coffected and uncorrected
positions for the initial automated aninal track

TABLL L Sun arr''. srarist ics of \emi\ ariosrams of l-OR A )'l C iime d ifference di stonions ilcasurcd in $! and used to e \t im rte

posiridring bias of ar .rulonatcd animal tracking \ystem throughout lhc Starkey Erperimenral Forest and Rarge,

nofihe st Ore!:on.

LORAN C

Nliddleron (99,10X)

Ccorgc (99.10W)

SeafchliSht (99,10Y)

Williams Lakc (8190Y)

)'7)
312

1,1

Lireur^ill
Erponential
Exponential
Sphercal

0.00r
0.0025
0.0000r
0.000210

0.021
0.0161i
0 .0071 I
0.0452

<0.i)001
<0.0001
<t-).05
<0.05

665ri 0.918
Elg 0.901

28'10 0.666
12600 0.837

'Nugge! r'ariance.
\ r l l  , ,  a r . r r r .  1  . , ' . i - r r e  p l r .  r  .  f i ' ( l  . . r i - r c ( ' .

'Range ofautoconelated dala. in cicrs.

a( r 8 0
LU

ut
a
( / ) 6 0

m
z
f f + o

120

ORIGINAL AATS UPGRADED AATS

Figure 2. \,le.rn bi s and nandard error of LORAN-C po\ition esdmarcs (n = 20 siies) fron the (niginal and upgr.rded

aLrtunrted rnimal tracking systems (AATS) usedonlhc Starkcy Flrpen menral Fore\t and Range, noiheasl Orcgon.
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ing systerr rvas ;19.6 m, ancl at i 5 of 20 sitcs. dif-
Itrcnccs betrveen LOI{AN C and DGPS positions
u'ere reduced (Figure 2). There was a nrrrked
inrpro\ emenl in accuracy of telenetry positions
(co.rected and unconected) in thc upgradcd au-
tomated animal trackilg system compared to the
original automated aninral tracking sl-stcnr bc-
causc bias was significantly rcduccd uhen posi-
tiol'rs were determined lioni 3 .1 tine difterelces
instead of trvo tirne ditlerences and because of
bctter configuralion of NOCUS chain LORAN
C transmitters in relation to Starkc,"'. Accuracy ol'
positions from the upgraded autonated aoimal
tracking systenr, horvever. was not significantl l
improvcd trl icr corrcctions uere made for bias
(P > 0.05 ). Bias was hou,ever. reduced at eight
of 20 sites.

Mean error of DCPS used rt known gcodctic
reltrence sites withiD Starkey u,as 3.,1 m (SE =
0.612. n = 3). Using concctiorls 10 rcnlovc bias
from telemetry positions. the area estinate ofeach
positiol liom the original and upgraded automated
animrl tracking system was 3.,i ha and 3. I ha (90%
C.l.). respecti\,ely. The probabil ity that each po
! i t i o n  i \  n r J f  I h e  ( e n l e f , ' l  l h e  , r | c r  e ' t i t n r t e  i .
nuch greatel dran near tl're pedmeter.

Discussion

Tinre- and position-dcpcndcnt l 'actors influcncc
LORAN-C perfonnance on land. Tirne dependent
errors, i.e.. atmospheric conditions. can be par-
t ia lJy  rcmovcd us ing  d i f f c rcn t ia l l l - cor rec ted
LORAN-C. This technique inr'olves placing a
LORAN--C receiver al a base station with a knoulr
locatiol. I-ORAN-C signal lariations are mea-
sured rt thc known location and diffcrcnLial cor-
r<(rion\ rrr (irl(ulilted lor <lch lenr.rt< rtntion tlne
dil lerence nleasurement. This method is most
efflctive wlrcn thc clisLancc liorl basc statron lcr
remote is small and the teffain is f lat.

Ditlerential LORAN-C is less etl 'ecti lc t irr
corecting position dependent biases. especially
ovel rugged tenain (Lachapelle and Townsend
t99l 1. Horvever, propel caliblation ol a LORAN-
C rcccivcr at kno$n positions established s'ith
DCPS can be eflective at reducing position bias.

W'e assumed that the source of LORAN-C
position biases were mostly the el1ect of terain
within Starkey. According to Lachapcllc and
Townscnd (1991). thc cflect ofrugged topogla
phy on LORAN C canresult in local positior biases
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up t{) scvcfal lrundrcd nrctcls. In addition. these
distolt ions can vary b1 a ttu'hundred meters per
km. Position dependenL bias in LORAN-C can
also be caused by powel lines and nineral de
posits (II Morrorv Inc.. 1990). Porver l ines are
abscnt within most Sli lrkcy. lr sccms unlikely that
the rnagnitude olposition bias obscrvcd at Starkcl
cou ld  h l rc  bccn causcd by  mincra l  dcpos i ts
(Lachapclle and Townsend l99l).

A markcd rcduction in position bias of f inal
telenetrl positions uas evidcnl in thc Lrpgraclcd
automated animal t lacking system compared to
the original s_"-stem. LORAN-C accuracv depends
mostly on cli\tance from tfansmitting stutions. the
geometr)' between transmittels. ancl type of ter
rain (Boer et rl. l9li9, White and Garrott 1990).
The geonretly olthe LORAN-C transmitting to\\ '
crs u'as improved * ith the addition of trvo trans-
rnitting tou,ers fiom the NOCUS chain. Also. bias
may have been sienificrntl l reduced rvhen posi
tions were determined frorn 3-' l t ime difterences
instead of two time clift 'erences.

Time diflerelce corectiols fiom geostatistical
anal-vsis impror,ed the accuracy of the original
ruknnated animal tracking system on Stlrkey.
Horvcler, correclions did not rcmovc all thc po-
sition bias in the original automatedaninal tracking
s,vsten. Lachapelle and Townsend ( l99l) found
that LORAN'C biases of 50 100 m representecl
the linits of accurac,y that could be achieved for
the calibration of I-ORAN-C ll i th DGPS. Those
researchers also inclicated that it wlls not possible
1o scparalc complctcly lhc position-cicpcndent
coDductivit)' due to ground n.roisture and leuain
eflects from the atmospherjc and other time de
pendent eftects. Conected positioo bias at Starke)
wrs well within the l imits of attainable accuracy
of I-ORAN-C reported b)' l .achapelle and
T<ru'nsend ( 1991 ).

Corrcctions l iom gcostatistical analysis for the
upgraded automated animal tracking slslcm did
not signil lcantl l reduce bias. One possibil i ty for
the lack of bias reduction is because of our LO-
RAN C equ ipr ren t  . i ; r r l  t r r re l  l im(  Incr : r r r in : ,
accuracy (0.1 pt or 30 m). thus reducing our abilitl
to develop more rccurate con€ctions. Also. we
mcasurcd LORAN-C tirne diflerences firr- 99.10Y
and 8290Y at 1,1 DGPS sites which mal harc
been atr inadequate sample size given the vali
abilit,v in LORAN C distortiors found u'ith thc
other two tine differerces (99,10W and 99.10X).



\,\ 'e did not pulsuc rcducing bias in thc upgradcd
auLomaled animal tracking system further because
it was not si-enificantly dil lerent l iom position
bias asso.^iated u ith the original automated ani
' t r : ' l  t t r i k in l  \ \ . lem . r l t c f  h i , r .  r ' , ' r r . ' e t i  t r .  v , r ' r . '
lnade.

The nean position eror of the lald based au
tonated animal tracking system rt Starkey of.l5.3
m (SE = 7.071 rncl 52.8 nr (SE = 5.87) lbr thc
oliginal and upgraded rutomated animal track
ing system. respectively wrs much bettelthan thrt
lepoted for other LORAN C stud) areas. The
nrean position crror t i)r a stationary, ground bascd
LORAN C on the Rhode Island coast rvas 97 m
(Patric et al. 1988). Collazo and Epperly 11995.)
Ieported a nrean position en-or lrom 6:1 k) 99 nl
from a land-blscd LOI{AN-C in an estaurine habi
tat in Core Sound. North Cirrolina. Leptich et al.
( 199,1) found a mean position error of approxi
mately 200 m tirr rn aircraft-based LORAN-C in
n0rlhem ldaho.

Radio-lelemelry plolides a useful technique
lbr studling habitat use and selection by wild
li1e. Hou'ever. habitat studies require accurate
eslimares of ar'r aDimal's location so that it can be
conect]y placed in a habital type (White and Carott
leEb.  lqqo  N i l  ) .  lq8qJ  Accur r re  e \ r in r r re .  r re
c . |e .  i r . l l )  im l , ' r1 rn l  \ \h ( .n  Ihc . luL l \  i r r ( . i r c , 'n l . r in \
a mosaic of small habitat patches because large
area estiliates may include nvo or nore habitat
types. Although both aerial and triangulation ra-
dio-tclcnelry melhods often result in errors. these
er-rors rre genelally ignored when cleterminin-g
enr ironmental characteristics of estirnated posi
tions (Srltz 199.1). The efltct ofcrror in thc csti-
mltcs of positions is to lower the power of tests
of habitat selection (White and Garon 1986).

Mc: rn  pu t .h  . i zc  u l  rhe  l5  p l rn t  i . rn r rnun i tS
l )  pe .  J r r ( rn r  in rJ  l r , ' n r  r re r i : r l  ph t ' t ,  '  i n t r r f r ( l i r r i , ,n
ri ' i thin Starkel u'as 1.1.6 ha iri- 613. SE =.1..16:
S.L. Findholt. unpubl. data). Size distribution of
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statistical tests of habitat selection. In addition.
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fron LORAN C positions at Starkey can also bc
used to improve the positioning accuracy of non-
LORAN C based radio telemetry.
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