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Abstract
Fa$ns represent a critical life hi\torl srage in the d,vnamics of deer popularioDs, vet little rcccnl informalion i\ a!ailable on t\e
ecolog,,- of neonut.rl Columbirn $hitelailed deer (CWTD). a geogfaphically isolated and federally endangered sub specicr. wt
dcscribcd h|)lr€ rarses. .rre.rs oi concenhted use. and habitat associations of CWTD fauns in southqestern Oregon during lhc
sumnrcrs of 1997 and l99il. Spatial usc pallcms and habjtat usc siftin areas of concentrared use were described for II radio-
marked iawns. Poolcd habitat usc was dcscribcd for 2,1 radio marked lawns.,Ar€as ol concentr.rted use averaged 2.'1 ha. lvhich
ras 13.3+ of mean 95tl homc rangc sizc ( 18.0 haJ. Frcqucnl Lrsc of oak nadrone woodland rnd riparian colef types charactef-
jzcd fa$n habitat usc pattcms. Clo!cr typcs conlaining conilcrs lrere rarely used and usually not alailable within home fanges.
Allhough $c lbund no dctcclablc pallcms of habirar sclectilrn or a\oidance anong fawns, areas of concentlated use \\'ere conr
poscd mostl] of oak nadronc woodland (35?.) and iparian (26U ) cover rypes. Nloreover. 7,1% of concentrated u\e area was
rithin 200 nl ot strcams. Our rcsul!s prc!idc usclul inibmarion on habiur chdracteristics used liequently bl CWTD fawns.

lntroduction

Columbian u,hite-tailed deer (Odocoileus
irgirianus leucuriis; CWTD) arc a sub-species
that was once ubiquitous throughout western
Oregon r rnd  Wush ing t , 'n .  hu l  n ( 'u  e \ i . t \  i l \  t \do
geographically isolated and federally endangered
sub-populations (Smith, l9U5a). The Douglas
County sub-population of CWTD in southwest-
em Oregon was listed as endangered in 1967, but
has been proposed recently lbrdelisting (U.S. Fish
and Wildlife Service 2002).

Although much research on spatial use and
habitat associations has been conducted on fawns
in other white-tailed deer populations (McCullough
1979. Porath 19110. Ozoga andVerme 19E6, Huegel
et al. [986), little recent infomation exists 01] the
lile history characteristics of CWTD neonates.
Smith (1982) conducted an extensive study of
CWTD ecology approximately 20 yr ago and
dcscribcd habitat usc for45 markcd CWTD tawns

within the Douglas County sub-population. He
concluded fiat CWTD $,ere strongly associated
with riparian areas, oak woodland, and shrub
dominated habitats. and that habitat selection by
fawns was related primarily to thermoregulation
fbllowed by adequacy of escape/hiding cover.
Fu{hennore, he suggested that thc cxtirpation of
CWTD fronr much of its historic range was linked
to the reduction of lo\\"land riparian and oak wood-
land habitals. lnfercnces on neonatal movement
pattems were limited. however. because radio
telemetry techniques were not widely used dur
ing all years of his study.

The neonatal period represents a critical life
stage in deer population dynamics, and the char-
acteristics ofthis life stage need elucidation (Jack
son et al. 1972). Estimates of spatial use such as
home range and core areas are useful in deter-
mrn ing  the  l rca l  requ i re rnents  ,1  1  rpec ie .
(Bingham and Noon 199?), and act as surrogatcs
1or resourcc distribution for post-panum females.
abundance of fawn hiding cover, or fawn preda-
tion dsk (Mace and Harvey 1983. Ozoga and Verme
1986). Habitat associations of neonatal deer (and
maten]al females) are complicated because they
rLre influenced to various degrees b)' several factors
including predation risk. climate exposure. and
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forage availabil ity (Main and Coblentz 1996,
Bowyer et al. 19981.

An undcrstanding of macrohabitat associations
of CWTD fa\! n s i s i mportant to identify the habitat
featurcs that cha.racterize fawning and rearing areas.
Beeuu.e CWTD lre an endungered rpecie.. mun
agers must makc intbrmed decisions regarding
habitats that may be critical for fawns and post-
partum females. Section 3 of the Endangered
Species Act 1973 defines critical habitat. in part,
as areas within the geographical range of spccics
that contain physical and biological attributes
essential to the consen'ation ofa spccics and which
ma,v require special management considefations
rn ,J  p r , . r te , l ion .  Frorn  . r  h iu l r 'p i r .a l  per .pee l i \e .
however. critical habitat is directly associated with
an animal's l l tness and can only be determined
from manipulative studies (White and Ganott
1 990). Unfortunately. these manipulative studies
are rarely practical. but composition of habitat
attribute. u ithin a. thrt rcccir c dirproponiunate
use may give managers useful information for
habitat conservation planning (Samuelet al. 1985.
Bingharn and Noon l997).

Our objective was to detemine spatial use and
habitat associations lbrCWTD tawns in the Dou-
glas County sub population. We simply describcd
the magnitude and variation of fawn spatial use
pattems. Our research questions regarding habi-
tat associations were l) ho\\, vadable are pattems
ofhabitat use and selection among tawns? 2) can
variation in habitat use be cxplaincd by fhwn gen-
der, diel period. and fawn age? and 3) what habi
tat attributes char;lcterize areas of concentrated
usc'l

Study Area

We monitored CWTD within the lower North
Urnpqua River $,atershed in Douglas County,
Oregon. The study area $,as bordered approxi-
mately by the towns of Roseburg to the south.
Glide to the east. and Sutherlin to the north. In-
terstate 5 formed the westem boundary. Eleva-
tjon ranged from 165 to 595 m. Rainy winters
and hot dry summers chuacterized the climate.
Monthly average temperatures during our study
ranged from 5..1'C in December to 2l. l 'C inAu
gust. Avcrage annual precipitation was 108. I cm,
and ranged monthly from 0.5 cm in July to 2.1.3
cm in December (Westem Region Climate Cen-
ter, Reno. Nevada). Srowlhll was rare.

Smith (l982, 1985b.) provided an cxtcnsive
dcscription of plant communities and species
composition in the study aca. Whereas some stands
of continuous deciduous hardwood/mixed-coni-
fer forcst and undisturbed riparian areas were
presenl, vcgctation communities nost often rep
resented a relativcly disturbed envircnment due
to past or current history of f ire management.
grazing, agricultural conversion, and housing
development. Essentially, a mosaic of f inely in-
terspersed Oregon white oak (.Quercus garr.;utru 1.
California black oak (Q. ke!bggii), n,adrcne (.Ar-
butut men -ieti i . |- and gras.land planr a.\ocrarron:
intersected by numerous riparian drainages char-
acterized the study area. Large expanses of co-
nif'crous forest were rare, md smaller conifer stands
normally were logged previously and regenerat
ing. Rural housing or residential devclopment
bordered or intcrsected many parts of the study
area.

Methods

Fawns were capturcd by hand between late May
and early July 1997 1998. Three capturc tech-
niques were employed: I ) drives along tansects.
2) observing behaviors cxhibited by f'emales. and
3) opportulistic encounte$. We attempted to search
all covertypes to obtain random samples of muked
lawns. Captured fawns were fitted with expand-
able breakaway radio-collars equipped with mor-
tality sensors. Wc estimated ages of fawns by
measuring hoof growth (Haugcn and Speake 1958.)
rn r l  degree o l  u rnb i l i cu .  .c rbb in f r .  Fcun.  ucre
not weighcd because we wanted to mirunxze o\'er-
handling that may result in abandonment (Liveze),
1990.).

Wc located lawns three to five times per wcck
during diurnal. crepuscular, and noctunlal peri-
ods. Wc tracked tlwns in a systematic mndon)
fashion to cnsure that all tawns would be located
al diffcrcnt t imes. We relied heavily on obtaining
visual or estimated visual (i.e., homing in) loca-
tions to avoid problems associaled with radio te-
lemetry eror. When triangulations were neces
sary (n = 23), we were usually within 200 m of
the signal and used a bearing standard deviation
of 5.78' to construct eror ell ipses. Successive
locations of individual fawns werc at least l2 hr
apart to maintain temporal independence (White
and Garrott 1990). We located tawns as early as
0400 to as late as 2300 PST to ensure adequate
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rcprcscntation of diumal and noctunral movements
(Beyel and Haufler 199.1).A location was recorded
as biased and discarded if a fawn fled the area
bccausc ol obscrvcr prcscncc and $,c wcrc un-
able to detemine its location betbre it fled. Tri-
angulated locations whose enor ellipse exceeded
the size ofthe cover fype containing the location
ue le  a l .o  d iscarded.  Corer  t lpe .  loca t ion  t lpe
(visual, estimated visual. or t l iangulation), and
diel period werc also rccordcd. Dicl periods were
defined as crepuscular (2 hr befole and after sun
rise or sunset). diurnal (2 hr atter sunrise to 2 hr
before surset), and nocturnal (2 hr after sunset to
2 hr befbre sunrise). We plotted all locations in
the field on l:24000 USGS topographic maps.
Although we continued to locate and monitor fawns
that remained alive fof the life of the radio col
lar. only locations obtained between the date of
capture and nid September (i.e. summer months)
were used fbr spatial use and habitat association

analyses. This resulted in a scope of inference to
approximately the first three to tbur months oflife.

Cover types and streams were delineated from
scanned 7.-5 minute onho-photo quadrangle maps.
Minimum covel type patch size was 1-ha. Cover
types listed in Table I were categorized based upon
a modil lcation of dctailed descriptions ofpercent
coverage and species composition (Smith
1982.1985b). Streams q'ere buffered to produce
5 100 m distance to stream classes (< 100m, 101-
200 rn. 201-300 m. 301-.100 rn. >,100 m).

Spat al Use

We calculated estinates of spatial use for 1 I fawns
with greater than 20locations each. Fixed kernel
density estimators with bandwidths calculated
using least squares cross validation (Seaman and
Powell 1996) were used to estimate 997. and 957.
utilization distributions, orhome ranges. with thc

IAtsLE L De\cfiption of cover t]pes used to analyze habitat r\sociarion\ ofColumbirn whiie-tailed deer fa\\'ns in soulh$cs(cm
Oregon. mmmer 1997'1998.

C0ver T) pe T ) f i . J l  T .  r ( . p c . i . .  J r J  q . n f l r l  . h u r u f l f l i . r  -

Gfassland Shrub:  < 257
Tree: < 5 7

Tall tescue (Zolt dr.l/r./nrd..rrr. pefennial ryegr^s\ (LDliuit Fftnne).
dogstail (Crrorrrr.rr irclirdlrr), subterranean clo\,er ( tiiJnlian subtet ntputn).
Included gruzed pasture\ and prescribed fife $as occasionall,v applied.

Poison oak (TiTrlcrd.rdron dA'ertilohul]l). \\ild rose (Rrsd sp.). ha\thomc
(Cft7llzdsxr sp.), blackbeny (R/rrrr sp.). Al\o included clear-curs.

Shrub: <5'7 Orcg|)l1 whire o.rk (Qr.nvr s.t/.n.lr.l). Calilbrnir black oak (0. t./i.,ssil).
Trcc: > 5 and < 507. adronc (^rb&rrnrcn.r(nrl.

Shrub: > 25ta Sanle spccics as oak madronc saranna and grass shrub.
T rcc :  >5a l1d<5094

Gras! shrub

Oak-nl drone

Oak madrore

OrLk-nadrone

Shrub: > 25I'r
Tree: < 5'.2

Shrub: !arirblc
Tree: > 50?

Oak madrone conittr Shrub: vafiable
Tfee: > 50t;

Samc as oak nadronc salanna. Oak\ lrcrc more colnnon oD mesic site\,
\|hcrcas madrc'nc wa\ more cc'mmon on ie c sites. Underslories $ere
charactcrizcd b) poison oak and !lild rosc.

Same as oak-nradrone $'oodland, plus Douglas-fit (Pseutlot\uga npn.k tii)
and $eslefn red cedar (?rUa /lcdr4. Conifer camopl cover > 25 and < 90%.
Under\tories are usuall) poorly developed.

Coniltr canopl col'er > 909i. Usuall,v monottpic l)ouglas fir nands $ilh
poorl) develoted under\iories.

Oregon a$ (ll?frrrs fur&/ld), red alder (A1",r /1,r,'zr) bieleafmaple (,.1.(r
nacrcph.\'1lun1). Orcgon w lite oak, conmon rush (rr.rr .,.f'rrlr). sedee
(C.rr€:r sp.). Nauo$ strips generally corsisling of areas between l0 and 50 m

Areas within 50 m ofhun n developmenr. Houses. gafdens. la\|ns, small
orchrrds rnd tree f.lrms.

Conilcr

Riparian

Shrub:\.'ariable
Trcc > 50t/.

Shrub:\.'ariable

Shrub:  vrui rb le
Tree: vari.Lble
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program KERNELHR (Seamen et al. 1991i). Ar-
eas of concentrated use were estimatcd using the
KERNELHR subroutine PLOTCNTR (Seaman
er al. 1998). PLOTCNTR estimarcs an area of
concenlratcd use by calculating the average ob
servation density of all locations in a given set
rnd then determines the contour wherc the ob-
servation density is greater than average. The
avcrage observation density is calculated as thc
sum of the linear array of the observed densities
divided by the numbcr of obsen'ed locations. This
methodology avoids subiective and arbi|rar), con-
tour selections. and each area ofconcentrated use
is based solely on the density of locations for an
individual fawn. We refiained fiom calling areas
ofconcentrated use core areas bccause they werc
not teslcd against a null dis|Iibution of bivariate
unilbnn locations within thc home range (Samucl
et al. 1985. Bingham and Noon 1997). Difftr-
cnccs by sex $'ere not lcsted because ofthe small
. J rnp le : i /e  r ' f  fuuns  u  i th  spa l i t l  u .c  e \ l imu le \ :
therelore only descriptiye statistics are reported.

Habitat Associatlons

We determined covcrtype use by pooling all fitwn
locations. We could not measure habitat use tbr
individual fawns because of the relatively small
mean number of locations pcr fawn (2016), which
would have resulted in insufl icient powcr to de-
tect individual habitat use pattems (White and
Garott 1986). A chi-square test was used to de-
termine if fiequency of use was equal among all
cover typcs. Differences in cover type use by sex.
diel pcriod. and neonataVposfneonatal period wcre
tcsted with chi square contingency tables. The
neonatal period was the date of capture through
l5 July (ca. ,15 days for most tawns), and the posr-
nconatal pedod was 15 July through 1 Seprem-
ber. These natal pcriods seNed as a surrogate for
la$'n age, and 15 July was chosen as the cutoff
date because wc assuned most fawns had been
bome and alive tbr at least 1 nro (see results.l.
Conif'er cover types were never used and were
deieted from chi-square analyses. We calculated
the precision ofcover type use estimates with 957.
conlldcnce intervals for proportions (Ramscy and
Schafer 1997).

We tested lor selection ofcover types and dis
tance to strcam classes within i'awn home mnges
(i.e.. third-order selection) (Johnson 1980). Use
ofcovert)'pes and distance to streant classes withir'l
areas of concentrated use was estimated by first

pooling areas of concentratcd use and then cal-
culating the nrean percent composition by area
of cover types and distance to strcam classes.
Availability $ as defined as the mean percent con-
position by area of cover types and distance to
stream classes within 997r, l ixed kerncl home
ranges. Variance for use and availability estimates
was calculated with 957o conlidence intervals fbr
propi,n ion\. W( leslerl ior.eleL ti, rn oi cor er t l pc:
and distance to stream by comparing 95% confi
dence intenals ti)r arels ofconcentratcd use (used
areas) to 9970 fixed kcrnel home ranges (avail-
able areas). Selection was int'erred if confidencc
l i tn i t .  l  ' r  . r r  i l ab i l i t )  d id  no t  re r lup  er t i rnc te .
of mean use. This selection analysis used the in-
dividual marked anirnal as the sample unit. Sample
sizes were the Dumber oftawn home rangcs con-
taining a parlicular cover type ordistance to stcam
cla .s .  \de  poo lcJ  I  I l  l runs  l i ,  c \ t imute  mean
percent composition of a cover typcs. and 5 - 9
lawns for distancc to stream classes. bccause not
all cover types or disttnce to sffeam classes were
available to fawns within their home range.

Results

We captured and radio collared 24 tiiwns: 16 (5
males. l1 females) in 1997, and 8 (5 males, 3
f'emales) in 1998. The mean date of capture was
l5 June (SE = 1.4 days). although fawns conrin-
ucd to be captured through 3 July. Mean age at
capturc was 5.710.7 days lor 20lawns that could
be aged accumtcly. Atierremoving locations with
obscrver bias and excessive telemetry error. we
obtained a total of 413 locations tiom I I fawns
to desc be spatii,Ll use and habitat selection, and
,169locations tiom all fawns todescribe habitatuse.

Spat al Use

Based on an averrge of 38 locations per fawn.
mcan 957r and 997o home range size was lll.0 t
.1.8 ha and 2,1.3 1 6.9 ha. Mean area of concen-
tmled use size was 2.4 X0.'7 ha. On average. ar-
eas ofconcentrated use wcre found near the 7I t
1.57, contour of obseryed location densities, and
encompassed an area that includcd only 13.3 t
0.9% ofthe 95% utilization distribution arca (Table
2). Variability in spatial usc among fawns was
evident as coefficients ofvadation fbr spatial use
estrmates were relatively high (CV 957r home
range = 947r, CV 99% home rangc = I38d/r. CV
area of concentrated use = 94clo).
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TABLE L lndi!idual cslinates and descfiprive statistics lbr 997 and 95% i]\cd kcmel home ranges and areas of concentrated
usc lor  I  I  Columbian whi te- ta i led deer Ia\ \ns in southwcslcm Oreson. summer 1997-1998.

Deel

ID
No.

range area (ha)
951t home Concentraled

ran-se area (ha) use area iha)
Concenfacd usc Concenlrated use : 95%
arca contour (%) home range area (%)

I 130  f e f t  e
1150  fen :  e
1750 lelnale
1810 ltnalc
1890 female
I 1,t0 nule
I l,l0 nrale
1260 male
1790 mrle
1830 male
1860 malc

SE
ringe

19.5
9 .1

29.1
I  1 . 6
'l ] .l
l l . 0
1 1 . 6
1,1.5
86.-l
6.-l

19 .9

2.1.3

6.3 86.i

1.1.9
1 .0

22.9
7 .8

30.0
1 )  . 1
E.7

l 5 .  l
60..1
1.1

15 .1

t 8 . 0
.1.8

,1.7 60.,1

1 .2
0.1
1 .6
L i

1 . 8

l 5

8.5
0.1
2.1

2.1
0.7

0 . 7 ,  8 . 5

69.6
61 .1
78.9
69.5
6 1 . 8
16.)
11.6
66.,1
68.6
7:1.6
13.1

7  r . 0
1 . 5

61 .8  78 .9

1 .9
9.6

1 5 . 7
1,1.6

.9
15. '1
15.7
9.1

t . l . I
15..1
15 .8

l l . 3

1 .9  -  15 .8

30
3 1

57
.t3
30
l5
,11
5'1
2 l
3 l

38
3

40v.

35"

3n./"

Z ,.o./^

a 20'

. .  15%

10"

5./.

0v.
GSL GSH OS OSS OWD OCN CON RIP YRD

Cover type

T r
a - l
t t ?

. I
a t
_ t -

Figure l. N{ean percentage (and 95?. confidcncc interlal\) ofColumbian white tailcd dccr fa\\'n locations (n =,169) b) coler type
in sourh\\estern Oregon, sunmcr 1997 1998 GSL = grassland. GSH = grass rhrub, OS = oak-madrone savanna, OSS
= oak-madrone sa\,anna shrub. OwD = oak-madfone woodlard, OCN = oak madrone conifer, CO\ = conifet. RIP =

riDarian.YRD = !:rd.

Habitat Assoc at ons

Frequency ofuse differed among covertypcs when
all thwn locations were pooled (X: = 308.7. P <
0.0001). Oak-madronc woodland was the most
fiequently used cover type (337c) fbllowed by

riparian (267c). All other cover types were used
< 10% ofthe time except conifer, which was never
used (Figure l). Cover type use varied by sex (X:
= 82.1, P < 0.0001). Female use of grass-shrub
was 177. comparcd to no use by males. Conversely,
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males used oak nadronc u,oodland (.12c/c) and
yards ( 12%) more frequently than fcmales (25%
and 17c). Covcr type use varied by diel period
with sexes pooled (X':= 17.83, P = 0.01). Higher
usc of riparian areas occuned during crepuscu-
lar/noctumal periods (34clr) compared to diurnal
periods (21%), while slightly higheruse ofyards
occuned during diurnal periods (8%) comparcd
to crepuscular noctumal pe.iods (3%). Cover type
use did not differ significantly between neonatal
and post neonatal periods with seres poolcd.

Oak-madrone woodland (35cl.) and riparian
(267c) cover lypcs constituted the largest aver-
age percentage ofareas ofconcentrated use. Less
than l0% ofaverage concentrated use areas com-
prised othercover types. Conifer covertypes were
absent liom all areas of concentrated use and
composed < 3% of home range area (Figure 2).
Arcas of concentrated use were ncar streams, as
52Ea and 71Ec of their cumulative arca was within
100 m and 200 m of a stream. Less than 207r of
avelage concentrated use reas comprised distance
to stream classes > 201 m (Figure 2). Howevcr,
use and availability werc variable among indi-
vidual fau'ns. Thus. selection for parlicular cover'
types and distance to strgam classes was not dc-
tected because confidence limits lbr availability
within 99olo home ranges overlapped estimates
of mean use in areas of concentrated use for all
cover types and distance to stream classes (Fig-
ure 2 ).

Discussion

Spat al Use

Ostensibly, the relatively small homc ranges and
areas olconcentrated use of CWTD fawns in this
study reflected thcir sedentary nature during the
carly stages of life (Jackson ct al. 1972). Fufiher
morc, only a smallpercentage offawn home ranges
werc used most of the time because areas ofcon-
centrated use were 137c of home range size but
contained 716/c of all locations (Table 2). Rela-
tively similar spatial use patterns were observed
among CWTD adult females (Ricca 2000). It is
also noteworthy that the average a.rea contour
delineating areas ofconcentrated use in this study
was 717c, which is substantially grcater than the
507c contour that is otien arbitrarily chosen to
delineate core areas. These results suggest that
core areas should be detemined quantitatively

from observed distributions of aninal locations
instead of arbitrary delineations.

Variability in spatial use estimates among fawns
in this study was similar to cstimrtes repofied for
other white-tailcd deer in Teras (Canoll and Brown
1917) atu Michigan (Ozoga and Venne 1986.1,
and mule deer (.OdocoiLetrs hemiutus) in Mor
tana (Riley ancl Dood 198,1) and Washington
(Steigers and Flinders 1980). Home range and
movements of neonates are largely matemally
conlrollcd and vrriation could be attributed to
matern! age (Ozoga and Verme 1986). Spatial
use eslimates also reflect resourcc distribution
(Mace and Harvey 191i3). Accordingly. variation
in tau'n home range size may have represented
different availability of hiding cover for lawns or
high qu lity tbrage for lactating maternal feorales.
which resulted in dift'erent movement pattems
among individuals.

Habitat Assoc at ons

Fawns in this study used primarily oak-madrone
woodl;ind and riparian cover types (Figure l).
These obscrved patterns of cover typc use cor-
roborlrte those estimated by Smith (1982). and
were also simjlar to those exhibited by adult fe
males (Ricca 2000). However, variability in cover
type composition within areas ofconcentrated use
and home rangcs, suggested a degree of plastic-
ity in fawn/matemal f'emale habitat use. and se-
lection was not evident (Figure 2).

Some variation in habitat use was explained
by fawn gcnder and diel period. Forcxample, nale
lawns never uscd grass-shmb but female fawns
used it l7 7. ol the time. This higher use of grass-
shrub  corer  type .  hy  lemules  .uppon.  p rc r  iuu .
obsen ations ofrelatively frequent use ofthis cover
typc (Smith 1982). Use ofriparian areas was also
higherduring crepuscular-noctumal periods than
diurnal periods in our study. Adult femalcs fie-
qucntly used open foraging habitat at night (Ricca
2000), so matemal females may have hid their
fau n. in Jen'er and more 'ecure ripuriln arer.
before foraging at night. Fawns should use open
coyer types more fiequently as they nlature and
begin fbllowing their mothers, but we found no
difttrences in habitat use between neonatal and
post-neonatal periods. Fawns either continued to
fbllow a hider strategy (Lent 197,1) during this
time, or matemal females continued to usc the
same habitats used for parturition.
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Habitat use by fawns and matemal females may
represent trade-ofti between minimizing preda-
tion ri.k ltrtd climatic erposure. rgairrst mar,irnizing
forage acquisit ion (Main and Coblentz 1996,
Bowyer et al. 199ij). June tenrperatures can ex-
ceed 32'C. to which fawns are vulnerable because
oftheirhigh suface to volume ratio. Thermal cover
i :  de f i  ned a .  r  egeta t r \  e  o \  e r : lo r i c . l  h r t  m inr  mi /e
energetic costs associated with thermoregulation
(Demarchi and Bunnell 1993). Although the fit-
ness beneilts of thernral cover have been ques-
tioned (Hobbs 1989), associations between ther-
mal cover and habitat selection have been inferred
in other studies of deer neonates (Fox and
Krausman 199,1, Bowyeret al. 1998).Inthis study.
the broadle2rf ovcIstorics of oak-madrone wood-
lands and riparian areas likely provided neonates
relief from excessive heat. ln addition. relativcly
ficqucnt usc of riparian arctrs and habitats < 200
rn from streams within areas of concentated use
may indicate greater availirbility of fiee water and
succulent. high quality vegetation that is impor-
tant tbr lactation (Bowyer l99l).

We fbund no patterns of selection fbr panicu-
larcover types anddistance to stream classes (Fig-
ure 21, so inftrcnccs rcgarding their relative bio-
logical imponance re limited. However. oul study
was dcsigncd to cxamine sclcction of habitats
within home ranges (thild order), yet selection
can also oocur at higher leve]s such as selection
of a home range (second order) or geographic range
(flrst-order) (Johnson 191|i0). Selection is also dit-
ficult to detect when resources are ubiquitous widrin
a home range (Johnson 1980). Selection lor ri-
parian and oak-madrone covertypes may not have
bccn dctcctcd bccausc thcy were relatively com-
mon within home ranges. Conversely. low avail
abil ity of conif er and oak-madrone-conit 'er within
home ranges suggested that these cover types may
not have bccn sclcctcd at thc home range level.
AIso. our study Iacked sufficient power to detect
selection because of the low numbcr of radio-
collared lawns (White and Ganott 1986). Thus,
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