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Abstract
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niairtai Dg!.onti uus populatior o{ roost trees mar be a problem ni the distant future. Lorgtenr studies of charging rinter

roost habit.t and eagle use are essenti.l to protect the bald eagle in fte northwesLern [IS.

Introduction

A cri t ical stagc in thc populat ion dvnamics of the
bald eagle lHnlineetus lencocephalus) is the Idl
migrdtion from areas of harsh lo m;ldef dimales
(Kcistcr and Anthony 1983. USFWS 1986,
Keister et al. I9B7). The Klamath Basin of south
ern Oregon and northeastern Cali fornra serres as
one of the major $,inter roost areas in the lower
48 statcs (Kcistcr l9Bl ).

Wildlifc biologists arc bccoming incrcasingly
a$are of the need to manage not only endangered
spec;es but also their habitat (Scott e, ol. .  1990.
Hobbs and Hanlcy 1990). l lald caglc r,rntcr roost
area characteristics in the norlhwestern LS have
been described as olcl-gro*th, multi-laycrcd. for-
est stands (roost trees 100 to 5::'5 _'-ears c-rld) $iLhin
0.23 tr 24 km of food resources (f ish. carcasses,
rvaterforvl in ret lands habitat.  and vari{rus rodents
in opcn forcsts) (Hanscn ef oL l9B0. Kcistcr l9Bl,
Anthon_v et al. I9B2). Carelul monitoring of bald
eagle habitat is essential because the habitat can
be alGcted b1 a larietv of land use practices itl
cluding old-gro*th logging (Keister and Anthon,v.
l98ll) and dlaining t'etlands fbr agriculture
(t lSFWS l986). and catastrophes inclLrcl ing per-
sistent drought. r,".ildlire. and pathogen outbreaks
(Nlartin and Jc,hnson 1979. Dale and Klie-junas
r  987) .

The thrc.rts listccl abovc dr-c a rcal dnd prcscnl
.langer to i!'inler roost sites in or adjacent 1{] Lava
Beds National Momrment (LBNII) in northeastern

Calilbrnia. Proposed logging of old-grotth timber
south of LtsNM in thc Xlodoc National Forcst ancl
on private lands and the threat of wildfire in LBNM
promptcd this cvaluation of thc status of bald caglc
winter roost habitat and a suney of potential ("or

repiacement") roost areas.

Speciiic objectives of this study rvere to: (l)

cluantily thc charactcristics and spatial distribution
of roosl treesl (2) identiiy roost trees recently used
b1' bald eaglcs; and (3.) sur-rcy thc forest for poten-
lial roosl areas throughout the study area.

Study Area

Thc Calchcll/Cougar Roost is bctween Cougar and
Caldwell  Buttes near lhe soLrtheastern boundary
ofLBNII (!'ig. 1). Sogge and Svdoriak (1990) pro-
vide addit ional detai ls on tbe primarl and second-
arv roost areas that represent about, l  km'?and
,  l r n ' ? .  r . . 1 , c , t i r . 1 r . , , f  LB \V .  F , ' f . s r  rF t s r ' r d l i on
in thc arca has bccn classificd broadly as stands
of mixed conilers: ponderosa pine. western juni-
per iJrlnipenLt occidenttLlis), white fir (,46ies coa-
color). Shasta red fir (Aa. magnifica shastensis),
sugar pine (P lambertiana\.lodgepole pine (P. con-
torta). ;ncense cedar (Colocetlrus tlecunens\. irnLl
curl- leaved rnountain mahogany (Cercocaryus
ledifolius) (ErharLl1979). Except for some preJimi-
nary informarion [r(rm Keister ( l9Bl),  l i tde is
known about the size or age structure ofthe slands,
or of the spatial distribution ol roost trees and
potential roost trees Ir'ithin the stands. 

'fhe 
under-

story is composed primarilv of bitterbrush (PzrsAio
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Fisure l ]llt ofLlra ll,als \lrional Monunent (an(l a(lj!(,.t lo s). seneral lo.adris ol |rinrarv rnd seconildv l,ald .i!gl. $in
ter roost areas (1(n Sossc and Sldoriak 1990). and sLu,lr arc! iocarions (h.r.hed af.ds).

ttidentdtal, rabhitblush (Chtysothamnus syt.), bit-
ter cherrv (.Pnnus enargino.to.), sageblush (Ar-
temisia tidettata), currcnt (Ri6es sp.), manzanrra
\Arcnsnphios sp.). and elderberry (SomDaca.r sp.)
iErhard 1979. Sogge ancl Sidoriak 1990).

1'he geologl and physiograph,v ol the area are
complex but i i t t lc is krorrn about their inf lucnccs
on lbrest developmcnt. The underl,ving volcanic
substrate was lbrmed within tlre last 1.25 million
vears. anal sorne lar.a flots in the roost area arc
frorn thr: Holocene period (Donnelly-Nolan 19813).
Class mountain. soutb of thc [oost. erupted about
1.000 ,vears ago. dcposit ing lrothv rh;-ol iLe pum-
ice ovcr thc entire area (Chestclman 1955.
l)onnellv-Nolancl and ( ihampion 19tt7i.

tsald eagle use of lhc Caldwell/Cougal Roost
Area r,ar- i ts annuallv. Nla\ imum $,;ntcr counts
ranged from 360 eagles in Januan 1979 (Keister
I981) to lJ4 eagles;n January 1990. ( lounts have
decreased grcatlv since 19813/84 (27{3 eaglcs), r'ith
fer,;cr than 60 eagles counted each ycar since then
(-Sogge and Sydoriak 1990). The reasons for this
dccrcase are not understood at this time. Tvpicallv.
bald eaglcs arl ive in the area in \ovcmber and
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Cougar
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cleparl in lebruarv or Nlarch. rdth peak use in
January (Soggc ancl Svdoriak 1990)

Previous studies have provided important base-
line infor-mation on bald eagle t'inter rd)st chardc-
lerist ics in thc general area. Krauss (1977) con-
ductcd t general survev of thc Klamath Basin bald
eagle winter use arcas in 1976 and 1977. His ob
se rva t i on  sugges ted  ba ld  eag les  i n  t hc
Caldnell/Cougar roosl area pfefe ed tall, open-
canopied ponder-osa pines for roosting. bcrL that
eagles occasionallv used tall snags and full canopv

Keister' (198J) compared general sLand char:rc-
telistics of live roost areas in thc Klamath Basin
l i th t lre Jroint-quartel method (Muelle r-Dombois
and Ellenberg 1974). I Ic found consir lerable
difi;rences bch{ccn the Caldwell and Coug:u roost
stands in densitv (2i>.6 vs.4'\.3 trees/ha) and nurn-
bcr of stumps {0.3 r 's. 1 2.2 stumps/ha). but simi-
lar mean trcc cl iameters (50.4 vs. 56.0 cm dbh).
tree hcights 124.6 vs. 27.6 m) and "structure"

classes. Howcvcr. detailed inforrnation on the dis
tribution oftree size classes l"-as not reported, thus.
it is impossible to fully assess spatial patterns or

llald liagle [inter Roost Characteristics 45



potcntial vulnclabi l i lv of lhe foresl slrLrcture. For
example. il all the old, tall trees are in onc smdll
area of the roost, one localized t'ildfire could
grcatlv a{fccl much of the habitat.

D . l l a i a l a  p r  a / .  r  l o l l T r  ,  onJ . r c ted  J  - \ : l pmr l i .

surriey of for-cst stnlcturc of thc Rcar Valley ror.rsL
arca in Oregon. A caleftr l  stucly design examined
characteristics ofindir.idual roost trccs und scvcrul
forcsl stfuf lure at l f ibuLcs sLrrrounding roosl trees.
A similar approuc,h t i l l  bc tukcn in th;s stud,v.

Methods

F i . l d  "un . ' -  se r ' . ,  L rnd r r ,  t - , 1  i r  r r . n  p r imdn  ron - l
aleas (Caldwell Butte and Eagle Nest Butte.i previ-
ouslv idcntificd bl Soggc and Sydoriak (1990). and
Lwo potential roost areas in LB\M (Hidden Vallr_v
and Island BLrttc) kno*n to hare olcl trees. The size
and shapc oi thc stut l_-v units lcrc sdcdcd t(r en-
r:ompas-s most of the prelirred habitat in the area
in thc southcrn arcas of the monurnent (Fig. 1).

S i thin cach stud! unit ,  variable-fadius cifcLr-
lar plots ('ere located in a svstematic-cluster dc-
sign (T,cgcnclrc ancl Forrin 19tt9) r'ith primary plols
regularl_-v located 150 m (b,v pacing) apart along
\!est-easl trense(its with secondarl "cluster'' plots
located 60 rn norlh-east of each primary plot.  Be-
cause Eagle Nest Butte was a smaller. cliff-conlincd
alea. primarv plots $crc locatcd 75 rn apart.  The
svslematic-clustering sampling design has proven
more cffic,icnt and cffcctilc in clcscribing landscape
leatures than straight st-stematic or random sam-
pl ing designs (Legendre and Fort in 1989. Fort in
er a1. l9B9). Vcgctat ion plots had a radius of 12.6
m (0.05 ha) Ibr trees ( 35 cm dbh. and a radius
of 17.6 m (0.1 ha) {or iargcr trecs.

The origin (SW corncr) of cach grid rtas per-
manentlr mafked (steel post) and gi len a letter.
and distancc urd dircction rr'as mcasured to a
bench mark or reiocatablc pclrn{ncnt li'aturc of
the landscape. Each plot was individual lv num-
bered ( i .c..  sampling unit and x.v coordinates in
meters from lhe sampling unit origin). Physical in-
lbrmation recorded at each plot included slopc (70),

aspcct (c.g..  N, \V. NE. etc.).  and elerat ion (br

altimeter to + I0 m). An ocular cstimrtc of pcr-
cent shrub corer, herb cover-, :rnd grass cover \ras
assigned to each 0.|-ha plot lor general clescrip-
trve purposcs,

Othcr lcgctation characlcrislics were rneasured
folLrwing rnethods in DellaSala er al.  (1987) to al
low comparison rdth other ca;Cc roost trc:u. Stithin

a 12.6-m ladius d each plot center '(0.05 ha) trees
{ 35 cm lcrr tal l ied bv species in four broad size
c lasses  ( )0 -4 ,  5 -15 .  l 6 -25 ,  26 -35  cm dbh ) .

Trccs ) 35 c,m dbh rvithin a I 7.6 rn radius of
the plot center (0.I ha) were indiviclually mcasurcd
(clbh in cm) nd assigncd a species code, heighL
class. structure class and c:Lstin€is class. (llasses ibr
tree heights. canopv structurc ancl numlrcr o{ ctst-
ings (i.e.. r'egurgitated lemains oi eagle prey) fbl
lowcd Dcl laSala et cl .  ( l9f l7). I IeighL t lasses were
< 1 0 ,  1 1 t o  2 0 , 2 ]  t o  3 0 "  a n d  ) 3 0  m .  C a s t i n g
classe-q (i.e.. numirer ol individual castin€is) \,iere
0 .  I  r o  5 .6  ro  l l .  l 2  r o  20 .  and  )20  cas r i ngs .
Structrrre classes (Figure 2) lrere based on the tree
canopy and cro$'n classification svstcm of Kccn
(1943) as rnodif ied by Keister and -t1.nthony
r l qB3 l .  { s  i n  u th ,  r  l ' . r l ' l  , . r g1 ,  . t r r , l i ,  - .  , . r s t i ng .
found at the base oi trees pror.ided an index ofhab-
itat use (Keister l98I. DellaSala el al.  I9B7). Ob-
vious roost trees < 35 cm dbh (prcviousl_r'' taggccl
trces or lrees wilh casl ings) were incl ividual l l
recorded throughout each study aren. Roost tree
data indudcd r.v coordinaLes and tree characleris-
tics as delined above.

Site descriptions and forcst stnrcturo wcrc sum-
maized fbr each stud,v area ((ialdrvell Butte, Hid
dcn Vallcv. Eagle \est Buttc and Island Brtte)-
Emphasis was placed on the densitv. basal area,
ancl spatial distribution ofponclcrosa pinc (thc prc-
fer-red roost tree sfecies).

Ponderosa pine roost trees and non roost trees
(> 35 crn dbh) rere compared for di l ferences in
mean diarneter, percent trccs bv hcight c,lass, and
percent lrees by str( lcture c]ass. The Sludents t
test r,as used to test for significant differences be-
tirc'cn roost trcc and non-r(X)sl trcc diamctcr rrs-
ing log-transformed data. For the Caldlel l  Butte
and Eaglc Ncst Bullc r()ost areas. spatial "ontour"

maps (SAS l9BB) ncrc uscd to displa_v isolincs o{
ponderosa pine density (by size class) and total
basal arca. Thc spatial distr ibution oI knoun ea-
gle roost trees is also p|esented.

Results

The number of plots and size of area sampled
rangcd lrorn 214 plots in 2.4 km'zin the Caldwell
Buttc iucd to B plots antl  0.04 km'in thc Island
Butte ar-ea (Table l) .  Current eagle roosl areas
(Caldrvell and Eaglc \cst Buttcs) tcndcd to bc
lortcr in t leval ion and havc moderaLe slopc values

16 Stohlgren
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Figure 2. Characterjs[]s us.d to flassil' rfr srrucrure vithnr Lara Beds \athral N'lonum.nr ({drpred from Keen 19.13, and Krj;sr{ r

and ,\nthonl 1983).
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{Bl.}l L Sirc charrcteristics of sanrpled bald r:rglr rx)st lreas in Lan Beds \ational tr{onumcnt.

Cald$ell Eagl, \rsL

Bur re  Bune
H den

Ar |a  Sanr I  q l  (k r r ' r

Ue l r  E1. \a tn r ,  ( r , l

IleaD Slope (0,i,)

1s.E. r

ueaD shful, G,w (./o)
1s.E. l

Ueln Herb Cofer 10,i,)
1 S . E  )

\1 a,, Grdss Corer {o/oI
1S. l ' l  )

tr

sl l

\E
\
E

211
2_,1

1,1.10
1365 163,1

l.l
i l l

0 5 0

t 1
i L l

t 2
r l  )

2 l
( 2 )

3 .3
3.: l

10 .3
10 .3
13.i1
I  t . ;
2 1 . 0
2:1.1

1 0 8
1 . 2

1 5  7 0
1521-t  66?

la)
{ 2 )

l - 1 5

2 5
{2)

8

, i ,

1.1.u
0.0
3 . ;
t _ 8

l3_g
11 .8
22.2
29.6

5 t

t580
155.t 1597

7
(2)

I ilo

0.0,t
r6:1.0

t  6 l 5 -1670
26
(2)

r 5  3 5

2 t
(6)

'1
(11

(1 )

0

t )
i 5
25
0

l ;
(2)

q

r2)
9
r2)

2 . 0
5 . 9
9 . 8

1 7 . 6
5 . 9

4 3 . 1
l ; . 6

comparcd to non roost :rreas (Hidden Vallcv and
lsland Butle). The four sludv arcas rlere dominated
bv general l l -  northcrn crposed piots and did not
grcatl ,v di l fcr in meaD shlub. herb. or-gr-ass covcr
(Table 1).

Sland characteristics r.aried among the four
studv areas (Table 2). Hovcvcr. for ponderosa

pines. and ibr the other species combined. the den-
sity oftrees in the small to middle size classes (( 4,
5 15. t6-25 cm dbh) grcatly cxceeded the den-
sitv of seedlings and the dcnsity ol large size class
Lrees (16-25, 26-35. >3.5 cm dbh). Ponderosa
pine total densitr rvas not as grcat as the total den-
sity oi the olhcr tree species combined ( i .c..

l l . r 1 , l  F . . r g l ,  U  i n l c r  Roo - t  { . ha ra r rF r i - l i , -  117



'1.{BLE2. 
-stand characteritics ofroost areas iColtlwell Butte. Eagle Nest Bunel and potential roost areas (Hidden Voller'. Island

Bune) in Lara Beds \.Nll. I'lean ralues per ha shown {irh nonda error in parentheses.

Stand Characteristics

caliliLel
Bu l l f

Hi<ldenF.rgle Nest

11.0 D.nsi t \  (No. /ha)

Pondr:rosa t'inl

<1 cm r lb|
5 - 1 5  r r n  r l b h
l6 '25 .m dbh
26 i l5 cm dbh
>35 cn dbh

Totr l

0ther rees' i\o.ihr)
Seedlirgs
< 1 c m  d b h

1 6  2 5  r n  d b |
2635 r  nr  dbh
> il5 cn dbh

Total

\fean Basal Area {m'ihat of
t rees >35 cm dbh

tlrxl.fosa l'ioe
U esLe J, ,n jpe.
tr hite Fn
\Iountani Uahoganr

T,)Lal

3 . ' r  { l . 7 )
l5. ir  {6.0)
23.,1 15.Br
15 .6  12 .6 )
t t . ; 4 1 0 . 9 )
i . 8  ( r . 0 )

7 t . i l  (  | . (D

2 .1  (0 .61
40.2 i , I .2)
3,t.9 (l:1.71
6 .1  { l . 31
r . r  ( 0 . , 1 )
7 . : J  ( t . 1 )

92 .0  (8 .1 )

16 .1  ( ) . 2 )
0 .7  10 .3 )
0.2 (0.2)
0.0
0 -  |  ( 0 .  l )

t ; . 1  t 0 .2 )

5 -0  { l . 5 )
l 6 -q  (3 .9 )
30 .0  (5 .8 )
22.6 11.3)
r0.6 (2.rJ)
8 .5  ( r . 8 )

{ )3 .6  (12 .7 )

19.,1. (3.,1)
122.0 i8.1)
i 3 .5  r5 .81
t  0 .2  ( t . 4 ,
3 .3  {1 .01

21 .5  ( l . ; J
1,t9.9 ir4.6i

:J1.U l0.8)
0.9 10.6)
0.,1 t0.4)
0.0
o .o

33.1 (0.8r

3 - l  1 1 . 0 r
9_1  (3 .0 r

19 .2  (3 .9 r
16.I t .1.3r
8.2 (2.01
7 .8  ( r . 9 r

63.8 (9.81

r2 . s  (3 .41
96 . r  { r  0 .91
6,r. i  {9.0)
7.B (2.91
2.0 {0.81
0.0

1 8 3 . 1 ( 2 1 . 5 )

t 9 .8  10 .5 )
0.0
0.0
0.0
0 .0

l9 .B  (0 .5 )

0.0
5.0 (0.01
0.0
0.0
7.s (3.8)

33.8 16.0)
16.3 (8.21

2;.5 LI,t .6l
.10.0 i18.11
6 i . 5  (21 . { )
22.5 (7.O)
15 .0  (6 .3 )
28.8 {5.1)

201.:t  (54.u)

r7: l .0 126.2)
r . 1  (0 . r )

72.0 \22.7)
0.0
0-0

t86.,1 (29.0)

' l nc ludes  spec les  l i s te r l  unr I r  busr l  ! ( !  i ] \ ccp t  po fdc tus !  p in . .

$.estern juniper. rvhite f ir- .  mounLain mahogany
a r rd  i r r ce r r -e  ceda r t .  Ho r .e re r .  po r rde ro - r  p i ne  l l c -
countcd for bctwccn 76.7 pclccnt anrJ 100 Jrer-
cent of the basal afea in the four areas. Thus. the
dominant tree species :rnd largest trees in the areas
afe ponderosa Prnes.

The absence of small  pondcrosa pine lrees in
the four areas is apparent in the size r:lass distri
butions of the ibur aleas (!'igprr 3). But. largc trccs
( > 50 crr) arc also rare in the sub-populat ions of
ponderosa pine (ericept for the clump oflarge trees
sampled in the 200 m x 200 m Island Butte uea).

The 2.4 krn' Caldwcll  BuLLe studl area eon-
tained l0i l  eagle roost trees compared to 44 ea-
gle lrees in the I.2 kmz Eagle Nest Butte area
(Table 3). Onlv tlo of the 147 r'oost trees lrele
not ponderosa pines: one r lhite f ir .  one rncense ce-
d r r .  I n  ho t l '  r oo - l  . r r cJ - .  r oo - l  l r pe -  r ^e re  - i g r r i l i -

cantly larger in r l iametcr lhan non-roost lrces (P

< 0.05" Sludents t-test on log-transftrrmcd data).

Most (890/o) of the eagle roost trees $,ere 2f
to 30 m tall. while 77 percent of non-roost trees

$,ere ( 20 m tal l .  The majori ty (77.606) of roosr
trees were olen-structured. l ive trees. Snags ! |er 'e
rarcly uscd bv bald caglcs. Onlv 58 of 103 roost
tree. in the C.r ldsel l  B,r l lc JrcJ hJd ca.l ings prc--
ent. while 42 of 44 roost trees at Eagle Nest Bulte
l ler-e recenllv uscd (Table 3).

-r\n analvsis oi the spatial distr ibution of pon-
derosa pine fnrm the seedling stage to the eaglc
roost tlce stage $as conducted for Caldt'cll Buttc
(Figurc 4) and Eagle Ncst tsutte (Figure 5). High
densitv contour lines lbr seedling areas (i.e.. ) 20
sccdl ings/ha) in the Caldlel l  Buttc arcas. for ex-
ample. did not extensivel,v overlap the current dis-
Lribution of eagle trces (Figure 4). About half  thc
21 4 plots did not havc pine seecllings. The low den-
sitv contour lincs for sccdJing areas (0 to 20 seed-
lings/ha) generall,v overlapped the high density
isobars of the larger size class ponderosa pines.
Thus. densit,v information generated from the sys-
tematic clustering design uscd showed there are
large portions ofthe study area without seedlings.

48 Stohlgren
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o  1 0  3 0  5 0  7 0  9 0  1 1 0 1 3 0  1 5 0  1 7 0

HIDDEN VALLEY

o  ! o  3 0  5 0  7 0  9 0  1 1 0  t 3 0  1 5 0  1 7 0  0  1 0  3 0  5 0  7 0  9 0  1 1 0 1 3 0  1 5 0  t 7 0

Size CIass Midpoint (cm)
l:isua 3. Slzr: ttass disbibutrns of poldefusa lincs in roosr are6 (Calilwel Btrne, Easle \.sL BltL(l rnrl porenrial roost arec

(H i ( l , l .n  Va l lev .  Is land But te l .

'IABl.Fl 
ll. Charrcrerisrics of I'nuLs toitletuar \>35 cm dbhl br bnld eagle roost area. La!a U.,ls \arional tr{onument, Caliiornia-

ob rrees br heighr {nl o/o ld,s bv stucture cl$s'

Tree Tvpe 0  t l : t 0  21  30  >30 2 3 , 1  5 t-5 6-t I  12 20

Cal l tc l l  Uutrr '

lloost

Eaglc \.st ljutl(

,16.1)  19. .1 6; .6
.0 l

8 0 . 3  1 . 0  8 . ?

i2. t  t1.1 62.2
. 8 l

83.0 0.0 I  l . . l
1 2 . 1 t

5 1 . : J '  1 0 . 0  6 1 . 1
[ . 0 1

ar t .6 '  6. ,1.  l0. l
i r .0 )

52.2' I5.A 6t.9
1  L . 0 l
B t . t  0 . 1  9 . 5
r 1 . 3 )

t2.4

1.0 1:]. ;  12.7

6 .7

0.0 ,1.6 ;7.3

'2.9

8 . 7

9 . 1

9 . 6

0 . ?  3 2 . 0  5 3 . 1  1 2 . 9

2;i l

1 0 3

1 l

; 0

f i

.lrJ0

t 1 i

11.3 0.7 76_9 .).9 0.0 0.0 0.;

90 .3  0 .0  21 .1  i 3 .8  1 .0  0 .0  2 .9

23.3 0.0 53.3 34.,1 l . l  3.3 l . t

i lu.6 0.0 z. i l  9i1.2 0.0 2. iJ 2.3

6.1

28.6 0.0 rJ0.0 12.9 0.0 2.9 1.4

5i].) 0.t)

2 1 . 9  0 . , 1

89.8 0.0

65.6 22.1

15.6 i1.6

2.1 i tg.1 0.0 0.0 0.0 8.5

0 .2  1 .0  0 .8

o .7  0 .7  2 .7

'Strucnue class as adetn(id h\ Kc;srcr 1981 lrom Keen 194:1. \eN Stn1.LL, r i , ld,.s 6 contlin. bfoken snags.
r.{lerages based on l,,g-t!,,slornrcl darr.
',\rerages ucighLcd lv nurrbcr" ol trees.

Bald Eagle Winter Roost (lharacteristics 49



o
z

o
o

- 0  . , . . . , . 2 0  - - - - - 4 0  - - - - 6 0

- 0 . . . . . . 2 0  -  - - - - 4 0  - - - - 6 0 - o  . . - . - . 2 4  - - - - - 4 0  - - -  6 0

- a  . . . . . - . 2 o  - - - - - 4 0  -  -  - , 6 0 - 0  . - . - . -  2 0  - - - - - 4 0  - - - - 6 0

-24_ 0  . , . . . . . 2 0  -  _ - - . , r 0  _ - _ _ 6 0

Meters
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(x 100) East
size classes ol ponderosa pines, ponderosa pnre bas,l ar.! ('t/h!).

the Cald{eI Butte srLldv area.
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Lilewise. high density conlour lines oi pon'
derosa pines ) 35 cm dbh and high contour lines
of ponderosa Jrinc basal area {m'] lha). did not ex-
iensivelv overlap the current distribution oi eagle
trees (ligurc,X). Arcas ofhigh pinc basal area and
large () 35 crn dbh) trees in the southwest corner
of the Caldrvel l  Buttc area $ere not used bv eagles.

Ponderosa pine seedlings and eagle loost trees
$,ere clumped in distribution in the Eagle Nest
Buttc arcd (Figurc 5). Thc highcst scccl l ing den-
sily areas were adjacent to lhe eagle roost trees.
Areas in the southeast portion ofthe roost ilrc con-
tain high dcnsitics of 0 to 35 cm dbh trces blrt no
ea€lle roost trees. The arcas of highest densit ies ol
) 35 cm dbh ponderosa pines (and thus. areas of
high basal area) in the southwestern port ion of the
stud,v area also did not contain current ea€ile loost

Calculations bascd on digitally rccordcd pol_v-

€ions of rcost trcc locations shotcd that 12.7 pcr-
ccnt of the 2.4 km'z Cald\qel l  BulLe study area and
only 2.8 percent ol the 1.2 krn' Eagle Butte study
area contained eagle roost trees. ln each case. 3
outlvin€i roost trees Nere excluded in the calcula-
t ions of prirnary habitat.

Discussion

As shown in other stLrdies in the Klarnath Basin
(Krauss 1977, Keister and Anthonv 1983.
DellaSala er al. I9B7). bald eagle $.inter roost tees
in LBNSI tended to be morc opcn-stru(turcd,
larger'( in diameLer) and Lal ler than non-roos1 trees
tT rb le  3 t .  Hose re r .  i t  m r r  b "  mor "  impo r l Jn l  l o
cxaminc dif lerences" rather than similari t ies among
winter- roost areas lo: ( l  )  quanti fy relat ionships be-
twccn habitat qual i ty and eagle Lrse; (2) idenLiiv
the role c-,f Caldwell Butte and Eagle Nest Butte
in the local population dynamics of bald eap{es;
and (3) to eraluatc bcttcl thc managcmcnt
chal lenges that l ie ahead.

Keister and Anthonv (1983) shorvcd the f ive
major wintcr roosl areas in Lhe Klamath Basin
greally differed in area. nunber o[ roost trees. and
number ofcastings found in I979. Based on their
census, less than B percent oi the eagle use oc
curred in the Caldlell roost iu-eit. Thc r,r,,'c.l',uri-
t ion of eagle use I calculated at Caldwell  was the
lorrest ofthe live areas rrith B castin€is,4ra. Becausc
caglc usc in thc fivc Klamath Bas;n roosl areas was
gencral l ,v proport ional to the number of avai lablc
roost trees (KeisLer ancl Anthonv 1983), the Cald-
\,!ell Butte and Eagle Nest Brilte areas may have

been (and mav continue to bc) lo\{ eagle Lrse areas
comparcd to thc othcr roost arcas in thc Klamath
Basin.

B r ,  r . r - .  - t a r r , l  , l r . r r . r ,  t . r i - t i , -  l i . . . -  1 ' - ,  i . - , " ' n r -
position. size structure. age structure), distance to
feeding grounds, and annual eagle use vary con-
siderablv among the roost areas in the Klamath
Basin. it is not easy to assess or compare habitat
qualitv of caglc roost arcas. Within thc Calclrtcll
Butte and Eagle Nest Butte areas in LB\M. habi-
tat qu;: it,v vas highly variablc and spatiallv con-
centrated. For-unccrlain reasons. noL al l  areas $ith
lar-ge trees wer-e used br, eagles (Figures 4 and 5).
Areas currentl,v unused by the eagles may be more
e\posed to \'!ind. have no traditional use. or have
other resource limitations not yet identfied in lield
stucl ics. Altcrnativclv, caglc populdt ions may not
be high enough to disperse inLo the currentlr  un-
used areas,

For the same reasons. i l  is dif f icuh 1() identi fr
"potential" roost areas. The stand characteristrcs
of Hidden Valle,v vere generallv intermediate be-
tween those of Calchell Butte and Eagle Nest Butte
(Tablcs I to 3, Figurc 3). Thcrc are manv largc
trees in the area with no sign of past eagle use.
I'urthcrmorc. thc grcga ous naturc ofbald ca€ilcs
t lu| ing the winte| roost period may disourage the
' i :olonization" of potential roost areas bv one or
1r,ro adventurous irrdiviclrrals. Such dispersal/coloni-
zaLion evenls may occur only inliequentl,v during
peak population periods.

Continued bald eagle use in the Caldrvell Butte
ancl Eaglc Ncst Buttc arcas ma,v bc. in part. largely
dependent on the populat ion dynamics of pon-
clerosa pines ( i .e..  the continued avai labi l i ty of largc
trees). There are rnanv medium-sized trees in both
study areas (!'igure 3). And. many ol these trees
are located in specfic areas curlently used bv bald
' r y l , .  l F i gu r , "  4  . r nJ  J r .  T l l r - .  b . r r r i nF  mr iu r
catastrophes (exlreme fire or pathogen ouLbreaks,
etc.) o\.er the next 50 to 100,vears, there should
bc an adcqualc numbcr of rcplaccmcnl roost trccs
in thc trcc population. All four study arcas. ho\\'-
eler. had very lew small  tr .ees (Figure 3). Thus.
there may he a discontinuous supply ol large trees
to the population in the long-term.

The populat ion dynamics oI ponderosa pine in
LBNII appcar tcmporallv ancl spatiall,v complex.
Cornpared to similar-sized bald caglc roost trccs
elsovhere in the Klamath Basin (Keister 1981,
DellaSala cr ol.  1987), roost trees in the Caldwell
Butte roost area gro\r rnuch more slowly and l ire
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longcr (mcan age : 289 vears) than trees in the
'I i rree 

Sisters, Mt. Dome. and Bear Vallcv roosts.
Thus. the c,vcling of trees from the sccdling stage
Lo the roost tree stage may bc much slower in the
drier and more sparsclv r.egetated pine stands in
LBN1\'I. Vcrl little infbrrnation is available on the
age -structure ol ponclcrosa pine stancls in thc arca:
rro systcmutic survev has bcen undcrtaken. Thus.
stage-class or agc-class projedion.c arc problcmatic
aL  t h i s  t ;mc .

The population dvntrrnir:s of pondcrosa pine in
Caldl'cll Butte and Eaglc \esl Buttc also t'ere spa-
tiallv cornplex. Seeclling distribution and eagle roost
lrccs wcre spatial lv clLrmpcd and not necessar-i ly
overlapping othcr size cla-ss trees on lhc landscape
(Figurcs.l  and 5). Two imporlant factols inf luen<r-
ing the size distr ibution and spatial pattcrns ofpon-
derosa pincs are insecl ouLbrcaks and l ir .es.
S'cstcrn pirre beetle lDentlroctonu,s brexicontis\ in-
f i :stat ions in the 1920's reporLedlr- ki l lcd large
numbers of large trees (Dalc and Klie-junas 1987).
Hn r . , r e r -  l . r ,  k  " f  t l r " -  , l ue  r , r  a  t r r l l  f i r ,  - r r f p re - -

sion poJicv i iom l9l0 lo 197,1 (Soplge and Svdo-
rial 1990) mav have severel,v l imitcd pine
reproduction.

Ilistoricallr,. lightning<:ausccl fircs in the (iaid-

r,;cll Butte area occurrr:d on ar.cra€{e Il years apart
(range 2 to lB vears: Olsen and l \{urt in 1982).
filost of the-se fires rverc small ((0.1 ha) and othcr
than thlcc small  l l res in 1970 and 1972, the nat-
ulal role of fire has grcatly diminished in thcsc
ecosvstems (Nlurt in and Johnson 1979. (Jlsen and
Vlart in 1982. Sogge ard Sydoriak 1990). -{.n ac-
tilc prescribecl burning program mav be neccssar"-
to redLrcc hcaw fuels ancl the possibilitv of cata-
strophic fires in currcntlv used roosl areas. This
also *i l l  promote the eslabl ishmcnt o{ pine seed-
lings that are scarcc (FigLrre 3) and noticcablv ab-
sent in manv trreas (Figures , l  uncl 5).

These findings conlirm the nranv mana€tement
cf ial lcngcs previousl;- identi f icd for the continued
protection of bald cagle roost habitat irr thc Klumath
Basin (Keister ancl Anthonv I 983, DellaSala et o1.
1987). Thc dccrcase in eagle use sincc 1983/B,X
plobablv lrarranLs an intcnsivc annual rnonitoring
or eaSle usc.

A lack of ponrJcrosa pine seedlings perhaps due
to drought or to decades of f i re suJrprcssior indi

catcs a Deed 1() enhance pine regeneral ion bv
prescribed burnin;1 selected areas. Hol,".cver. bar-
r;ng unlbleseen catastrophes. thc lar€{e number ol
mcdium sized trees in thc Caldvell Butte and Ea-
gle Nest Buttc arcas should ensure that short-term
habitat rcquirements are mct.

Eagles havc not expanded into similar nearbv
h rL i t r r t  r e .e . .  H  i dd . r  \  r l l ,  \ .  l s l . r n , l  Bu r re r  d . -1 , i t ,
the presence of large open stnlcture(l trccs. l'hus.
Lhe orrrent unde$tanding of roost alcll characteris-
tics and eagle behavior makc it diffrcult to identiiv
or assess potcntial or alternate roost sitcs. T,ogging
in currcntly used bald eagle roost areas should be
cu|tailed until we can accurately idcntifl alternate
roost sites that mav be uscd annually bv bald
eagles.

Additional studies oI bald caglc habitat charac-
terist ics, populat ion dynamics of ponderosa pincs.
and bald eagle roost bchavior are necded. Thcse
studics should be carr ied out on a state-u, ide 1)r
Klamath Basin-wide scale and over scvcral vears.
Th , . r  - hou ld  hc . . " , 1 , r ,  r , , l  i n  c  h i e ra r . h i ,  a i  f : r - h -
ion (as suggcstcd bv DellaSala er cl. l 9B7) at three
spatial scales: tree level. plot lcvcl. and sub-roost
or roost level. V'intcr roost activitv should bc care-
l llv monitorecl itt dll roosts and srrtr-roosts. The
svstcmatic-clustering sarnpl ing design usecl in this
stud,r, could easilv be expanded to thc other roosl
areas and areas of potcntial habitat. Becausc olthe
patchr nature of eagle lrees on thc ldndscape. a
100 percent inr 'entorv of loost trees is essenlial
and should be rcpcated periodicallv in thc future.

Acknowledgments

I  thank (1. Pasco and C. l  inks for condrrct ing the
extensivc f ield work and dala cntn. and C. , 'an

Ripcr l I I .  D. Anderson. C. Keister. \{ .  Soggc. J.
( lordon. R. C. Anthony. R. N. Lehman, C. Svdo-
riak. S. D. Vcirs, Jr.,  and C. McCarthv ibr cr. iLi-
cal l ,v revieuing lhe studv proposal. I  thank S. D.
Vcirs. Jr..  C. van Riper I I I .  fr l .  Sogge. and two
anonvmoLls rer.icvcrs for criticallv rcvict'inpJ the
manusc pt. I  especrial lv thank ts. Stouff le and thc
stalf at Lala Becls National Momrment for thcir as,
sistance in gctting this projer:L sLartctl. The Ntrtional
Park Scrvice provided the lLrnding lbr the sLrrdy.

Bald Eagle Wintcr Roost ( lharactcrist ics 5lJ



Anthonr.  R.  C. ,  R.  L.  Knight .  C.  T. . {1 lar .  I3.  R.  \ l rc l rUard.
rnd J. L t{odges. lgil2. Hlbnlr use b_''' nesting and
roostirig Lald eagles h thc t'ar:ifir \dLhksL. lrans.
Norrh.  , \m.r .  t r  ik l l .  Nrr .  Rt isour.  Conf.  .17:332 3,12.

Chesternian. C. W. 1955. Age ofobs ia. flo$ at Class Nlour-
tri.. Siskilou ONnrr. Clliforni!. r\mer. J. Science
253:41n.421.

Dale, J. and J. K. Klieiunas. 198;. A biolosi.al eraluatnn ol
loresl pesl condilions ot lhe Calilwell Butte eagle roost
! . .a.  1.rv!  B, l ls  \ ! rn)nl l  Uonumort .  1. .S.  ForesL Ser

ce. I'aciic Southrest RegnD. hrest l'est Mamge-
m.nL R.t , rL \ , ) .  8 j  g.

IiellaSala, D. .{.. R. C. Arrthorr and f. .{. Spies. 1987. A hab-
i tat  mrnasi ,nnnr r ) lu l i r r  bakl  casl i :s  (Hal iaretus leu
cocephalusl commural rlost sites ar th. U.ar lall(i!
\orional Wildli{e Refuge. Oregon. Repot to L.S. Fish
!  l \ \ ' i ld l i l .  Servne.  Klomarh t las in Nar ional  t r ik l l le
Refuge. Ontract  \o.  l '1-16'0009-1533. RWO #7.

Donnellr Nolan, J. X'1. l9il3. SrructLtral treDds and geother
h! l  I !n, int ia l  aL V(r l i , in ,  l . r [ i ]  Vokiano.  Nor lhfrn
California. EOS Transactions, Aner. Ceophrs. I ni(D
ti,l:898.

Donnellr Nolan, J. lt. antl I'. E. ChampioD. 19u;. Ceologi.
Inrp o1 l:u B.ds \aliontrl llonumoL. \orrhcrn Calfor
r ia.  l . .S.C--q.  U!p l -1801.

Erhard. ti. H. 1979. I'lant comnunities and habitat tlpes in
th( l.aa Be{ls Nationd llonurnent. CaLilbnia. lLS.
' I  h.s is.  Or.s, ' r  StaL. i  l ,n iv, iNiLv.  Corval l is .  Orr :gon.

Fortnr. X'1. J.. P. Drapeau md I'. Legendre. 19f39. Spatia.l auto
,orn,lllion lnd sanrpling design in pldnt ecologt.
lcgcLut io 83:209-222.

Hansen, A.  J. -  N'1.  \ ' .  Stahrastn.  and J.  R.  \ { i$m!n.  1980.
Habitat characteriLics. frmuor. ard desLrur:Lirn of lull
eagle onurural roosts ir !.st.h !!!shingt,),,. 1, R-
L.  Knight ,  ( ; .  T.  Al l rn.  \1.  I  Stalnrast t .  and C. \ l -
Serrhern- qls. l'ro{,liirgs !lashiist(n Bal.l Flagl,.
Symposium. Seatt le.  Pp.  221 230.

HolJ,s.  N.  l .  and l .  A-  H! , , I . ,v .  l t ) . )0.  Habi tar  evalurr ion:  do
userarailabilin data reilect carnnig capacin? J. tr ildl.
IaDas. .51:51. : r -522.

Keen. F. P. 19{il. Ponderosr pnre ree classes redefineil. J.
1, , r .  : t l :2.19-253-

Receiued 22 .hLl: I99l
Accepted Jbr pttblicotiort 24 Jture 1992

Kcis to .  G.  l ' . -  l r .  l9B l .  Charac t r r i s t i cs  o1  r in te r  roos ts  ud
popu la  o f  t ra ld  cas l { ,s  in  th ( i  KhmnLh Bas in .  [ { .S .

thes i ! .  Oregon -q ra te  [J | i re .s j t r .  ( ] , , ^ l l l i s -  OR.  B2 r , r ) .
Keister, C. P., Jr. and R. C. Arthorr. 1983. Chlra.t.irisds

of buld elgle communal ,oons in the KLamath Basin.

O r r : g o n  a n d  C a l i l o r n i t r .  J .  W i l d l .  \ f r n a g e .
1 7 : 1 0 7 2 - 1 0 7 9 .

Kr is t l r .  G.  P . .  J r . .  R .  C.  An lhoDl  rnd  l '1 .  J .  O \e i l l .  1987.

L .s r  o l  ro rnnruna roos ts  und lo rug ing  areas  br  ba ld  ea
glr:," $intrring in the Klamalh B$nr. J. X ildl. Ianage.

5 l : 115 - .120 .
Krauss .  ( ; .  I ) .  19 ;7 .  A  nrn , r t  o , ,  Lh ,  l9 ;6 -19 t7  K l lm lLh  B!

sin baltl eagle $nrter use ar.! iltr.stisati{n. t.-ql)A l.oF

esr SeNice. KL.m.th National Forest. tr8 pp.
I esendre. P. and I. J. Fortin. 1989. Spatial pattern and eLr

log ica l  uno l rs is .  Vese la l ion  80 :10 ;  138.

L.rhmon. R. N. 1988. llount Donie habitat management plar.

L SDI Bureau ol Lrurd I'lruugemenr. Susan\ille Disx i.t.

Crl. 8l pp.

l la r t in ,  R .  F . . .  unr l  . { .  H .  Johnson.  1979.  Fne management
o l  l . ! v !  B . ( l s  Nd ion{ l  \ ' l onumenr .  /n  I  nu .  R.  M.  {ed . )
l'ror:cdlinss ol th. l irsr C,,nl.r(in, c on ScnItific Rc
seach h the NatnDal l'arLs. lol. ll. Na rtal Parl Si.-

ce and American ln-<itLrte of Btulogical Sr:iero,s.

t r  ash ing ton .  D.C.  Pp.  1209 1218.

I{rLeller Dombois, D. and H. Ellenberg. 1971. Ain,s and

methods ofregetation e.olop1. John Wllel ard Sons.

\eiv York. \Y. 517 pp.

Olsen. C. rmd R. E. l'lartni. 1982. Re.ommendcd prosrsn)
lirr fire management ar Laya Beds National tr'lonurnent.

Ca l i lomi ! .  N .P.S.  t res le r r  Reg ion  F ina l  Repor r .  Con
t ra . t  ( lX-8000-9-0015.

SAS. 1988. -sA-s {or Persoral Cor4rter. Releasr: 6-03 erliLion.

SA-q INtitute. Inc. tlary. \C.

-s.ott. L J., B. Csuti. K. Snith- J. E. Estcs ard S. Cairrr,. 1990.

Belord endargered species: ab ibr.grlt.d conscry!-

riol srratee,-! {or the prcserratnu of hnrhgnrl rlircrsitr.

Endangered -species UI'DATE 5(10):13'18.

Sogge. \t. and C. Sliloriali. 1990. Caldsell/ti,ugar bakl ea-
gle {inler ftrosl muagenient plan. Lara Beds \ational
N lor runr r rL  anr l  l rodo.  \a r ionJ  1 .o rcsr .  C^ .32  pp .

tl.S. Iish and \l ndlilr ,quvnr.. 1986. Parifir bal(1.!glc rccov

erv  p la r .  l . -s l l l .  Por t lend.  OR.  163 pqr .

5,X Stohlgren


