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Abstract: We studied roosting behavior and lrabitat use c,f nonbreeding bald eagles (Haliaeetus leucocepha-

Izs) on the northern Chesapeake Bay during 1986-89. In summer and rvinter, ll and l3 communal roosts'

respectively, and many solitarl, roosts were used simultaneouslv in the 3,426-km! studv area. Radio-tagged

eajles roosted solitarilv rvith differing frequencv bv season (60, 21, 39, and,44Vo of 8I eagle rrights in summer,

fai. rvinter, and spring, respectively) (P < 0.05). Roost trees, predominanth' oaks (Quercus spp ) or yellor"

poplars \Liriod."riron tulipifera). u,ere larger in diameter and provided greater canopv cover than random

1."", iP < 0.05). Roost sites had snags present more often than did random sites (P < 0.0I). N{ost roosts (86%)

*.ere in g,oodlots >40 ha. and none s,ere in iruman-developed habitat. In contrast. only* 23Vc of random sites

rr.ere in q.oodlots >40 ha. and 9Vo s,ere in developed areas. Roosts w'ere farther from human development

tharr rvere random sites (P < O.OS);5i% o[ the roosts r.,ere found ,rn public lands, cornpared to onlv 20% of

the random sites (P < 0.001). Winter roost sites rvere protected from prevailing northerly rvinds ntore often

thal  * .ere summer s i tes (P < 0.05).  We prescr ibe a 1, i60-m-rvide shorel ine management zone that extends

i . ,10( l  m in land to encompass roost s i tes anr i  provide a br.r f fer  f rom human disturbance
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Cornmunal roosting and roosting habitat of

* intering bald eagles have been described in

detai l ,  and strategies for managing u' inter corn-

rnunal roosts have been developed (e'g.,  Stal-

master 1980, Steenhof et ai.  1980, Anthony et

al.  I982. Keister and Anthonv I983). In contrast,

\r 'e are aware of onh' a single study of summer

communal roosting (Chester et al.  1990). Re-

ports of bald eagles roosti t lg alone are anecdotal

and lack detai led habitat descript ions (Southern

1963. Steenhof et al.  1980). \ ' loreover, there are

no published estimates of t i re relat ive frequencv

of ccmmunal versus sol i tarv roosting.
\ l ; r . t t rgelnt ' t t t  st ratcgiL 's lor  s i r t ter i t rg t  ar ; i t 's

have focused on protecting colnmunal roost

5; i i r i t r t ,Si i 'cr ; l r , . , f  l9 l ! .  Sts l r l re,r t t r  l ! ) ! { ) .  5 l t : r l -

master and Gessaman I98-{).  Other areas of

shorel ine habitat on the Chesapeake Bav aie

t ieing rapidly lost to development (Gra,v et al.

i9S8). If soliiary roosting in *'inter is common-

place, then losses of shoreline habitat ma)' limit

esgle populations in some areas. The first step

in determining rvhether sol i tarv roosti l rg habitat

is l imit ing is to describe that habitat.  c- leterrnine

tlre frequency rvith u'hich i t  is used. ancl deter-

mine i ts abundance in areas eagles use.

Habitat requiremeuts of roosting eagles also

need to be described for the remainder of t l r t '

year to determine rvhetirer habitat use chaltgt 's

seasonallv and to determine i f  avai labi i i tv of

roost habitat is l imit ing distr ibrrt ion in se'asotts

other than rvinter. In our studl ' ,  *e rtst ' t l  rat l i<'

te' lemetrv to estimate the frequencl t t f  s., l i tarv

versus comlnunal roosting bv nonbree<linq ea-

gles.  \ \ 'e te 'sted the hvpothesis that  1r : r l r i tat  c l r i i r -

at  t t r i : i ie> <l i i fered alnol lg sul l l i l l { . ' r  ! : t ) l l r1t} l l l i . i i .
rvinter cotnmunal, summer sol i tar\ ' .  attd r l  i t t t t ' r
, , : l :1. , : ' .  : , , , ,s ls.  \ \ /e also tested t l ie hvpot l resis that

roost habitat dif fered from habitat avai lable i i t

random rrn the northern Chesapeake Ray.
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military installation. Habitat on the study area
included a largely urban-suburban setting near
Baltimore, coastal lowland oak-gum (euereus
spp.-Liquidambar stgraciflzc) forests on the
Aberdeen Proving Ground, agricultural fields
with scattered oak-gum woodlots on the Eastern
Shore, and upland and lowland oak-gum-hick-
ory (Carya spp.) forests along the Susquehanna
River valley.

METHODS
Eagle Roost Use

We located roost sites by following radio-
tagged eagles until they roosted in the evening.
We used floating noose-fish (Cain and Hodges
i989) and padded leghold traps (Young tg83)
during 1984-88 to trap 34 eagles (32 immatures
and 2 ad) at Aberdeen Proving Ground, Sus-
quehanna River, and Eastern Shore trap sites.
We sampled birds hatched in the northern Ches-
apeake region b-v radiotagging 39 nestlings at
8-10 r,r'eeks of age in nests dispersed throughout
the study area during i984-88.

Eagles u'ere equipped with 65-9 radio trans-
mitters that had solar-charged nickel-cadmium
batteries (Telemetrl' Svstems, Inc., Mequon,
\\:is.) and an expected life of 4-5 vears. We
mounted radios dorsall.v on the.eagles rvith a
l-cm-rvide teflon ribbon harness (Bally Ribbon
N{i l ls, Bal ly, Pa.).

Trvice rveekly during the day from June 1g88
to lr4av 1989, we located all radio-tagged eagles
on the studv area from fixed-rving aircraft. Us-
ing a random-numbers table, u'e assigned ran-
dom numbers to all eagles located on a partic-
ular dar,. We selected the eagle u'ith the lou'est
random number and tracked i t  u' i th a hand-
held. S-element. Yagi antenna to i ts roost in the
evening by vehicle. boat, or on foot.
.  \Ve classed each roost si te as communal (> I
eaqle obs roosting on at least I  occasion) or-sol-
itarr' (communal roosting never obs). We clas-
sified communal roosts as communal-rvinter
iprimarv use in rvinter) or communal-summer
(primarv use in summer) and sol i tarv roosts as
sol i tarr,-s, inter (use in Nov-Apr) o, ,ol i t^.r.-
summer (use in lv,1a1'-Oct). These periods co-
incided rvith the major shifts in roosts used b1.
eagles on the studv area (Fig. 9).

One or 2 obsen'ers counted eagles at com-
munal roosts during 1986-89 from parked ve-
hicles or blinds. Counts began 2 hours before
dark and ended at dark. We took panoramic
photos of each roost and recorded on enlarged

I
N

*
8AY BRIDGE ROOST SITFC

l l  COMMUNAL- ALL YEAR
r COMMUNAL- WINTER
A COMMUNAL. SUMMER
i SOLITARY . WNTER
* SOLITARY - SUMMEFI

Fig. 1. Bald eagle roost sites. northern Chesapeake Bay,
Marvland. 1986J9.
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l . i r i r rgst0r i .  : r r r t i , rn l ln() t ) \ 'ntOuS referee for re-
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STUDY AREA
Tlrc studv area extended along the Clresa-

lrerrke Bav fronr the Bav Bridge at . \nnapolis.
\ larr land to the Conorvingo Dam on the Sus-
quehanna River, encompassing 3.126 km, (Fig.
I) The area included 2.-172 km of bar' ,  r iver.
and creek shorel ine and extended inland to the
head of all major tribtrtaries except the Susque-
hanna and Chester rivers. It also included part
of the Baltimore metropolitan ar'ea and the U.S.
Arm-v Aberdeen Proving Ground, a S50-km:

U.
o

(I

u

c

a
t
E

I \ I
J '

pl

s i t

Fir
At

a

t-t

sF
hr
tr

di
br

l {
t l



:anage. 55(2):1991 ,

n the study area
-ban setting near
r-gum (Quercus
r forests on the
3ricultural ffelds
ts on the Eastern
I oak-gum-hick-
he Susquehanna

:ollowing radio-
I in the evening.
ain and Hodges
rs (Ygung 1983)
's (32 immatures
rg Ground, Sus-
Shore trap sites.
e northern Ches-

r 39 nestl ings at
.rsed throughout

i5-g radio trans-
l ickei-cadmium

inc., \{equon,'
.1-5 vears. We

e eagles rvith a
,s (Bal lv Ribbon

from June 1988
io-tagged eagles
,ng aircraft.  Us-
.e assigned ran-
ied on a partic-
x'ith the lou'est

.t u'ith a lrand-
rr its roost in the
foot.
communal i  > I
rccasion) or sol-
.  obs). We clas-
mmunal-rvinter
lrnunal-summer
.rlitarv roosts as
pr) or solitar-"--
ese periods co-
r roosts used by'
: ) .
eaEles at com-

:om parked ve-
2 hours before

:ook panoramic
,ed on enlarged

J, wildl. Manage. 55(2):f991

1 tlhj ; i l l
i I i i
i j i .

photos the roost tree used bv each eagle, Cotrnts

s'ere conducted tg' ice monthlr at cotntnuttal
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a season stopped.

Roost Tree Characteristics
For each roost tree obsen'ed. *'e recorded

species, diameter at breast height (dbh), and

height (measured by cl inomglgl).  \Ve estimated

tree accessibilit.v: as' the total arc (0-360") that

s'as unobstructed by other tree canopies for a

distance of 10 m out fron the trunk and 3 m

belorv the tree's. crou'n. We measured percent

canopy cover rvith a densiometer (Lemmon

1956) at 4 randomly selected points 5.6 m from

the roost tree trunk. We averaged these 4 read-

B.cLp 275

ings to get I)ercel l t  ( 'at lopv c, l .et '  for the,entire

tree- \ \ 'e classt 'r l  rr)ost tr( ' ( 's as al ive. t iead. or
,- l t 'e,: l  t ,r1.1;, ' , i .  \ . \  (  in( ' i rsul: t ' ( ]  f l r , '  <l istarl ,-r '  frotr l

the tree to the rx'arest habitat . :dge. defined as

the irrtersection o[ forest. aquatic. hrrrnan-de-

veloped, or agrictrlturai-field habitats.

Roost Site Characteristics
To characterize roost habitat, we defined a

communal roost site as the area enclosed by a

minimum convex polvgon formed b-v connect-

ing all perirneter roost trees. We measured roost

size on l : I2,000 color aerial photos taken.in

1985. For solitarv roosts (single trees), a site was

a 0.04-ha circle centered on the roost tree.
We used the U.S. Geological Survey (USGS)
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Roosts'b

Communal-summer
Communal-winter
Solitary-summer
Solitary-rvinter

Random'b

I
i0
LZ

i23

65. iA
7I.54
83.1A
74.8L
39.28

49.r-78.4
57.7-93.6
50.7-215.0
45.9-98.6
20.0-109.3

27.8AF
29.7 A
26.78
22,OBC
r6.6C

23.5-34.4
r6.8-36.9
t9.2-42.r
t5.5-27.4

) .D-ZY.O

45. I

12.6
12.4
1.6

1.2
t '7

L. l

0.5

" Tre dbh, height, height above canopy, and aces- differed,among different cl:ss of r@rts and random sites baed on the chi-square

aooroximat ionof theKrukal-Wal l is test(x2> 100 4df P<005) p"Li"" to"ag"aidnotdi f feramongdif ferentclas*sof r@stsandrandom

siio (12 = 0.34, { df, P = 0.99).
l, Means u,ithin a column follo*,ed b-v the same letter are not different (P > 0.05) basd on lvilcoxon rank'sum tests'

Land Use and Land Cover data base (Anderson

et al. 1976) to classify habitat type at each site

as developed, forested, or agricultural \lle sam-

pled tree densitv at each site bv cotrnt ing al l

i rees =10 cm dbh in l l .3-m radius plots (0 04

ha) centered on al l  individual roost trees iden-

tified for that site. We then averaged tree den-

sitv across all roost tree plots u'ithin each site'

Using the t:12,000 aerial photos, we measured

the length of the largest canopl" openrng' de-

fined as an-v treeless area contiguous to eacn

roost site, and rr'e deterrnined the direction of

exDosure. We used USCS 7 5-minute topograph-

ic maps to lneasure the distance to the nearest

oau"i road, the nearest building, the Chesa-

peake Bay, ponds' large r ivers (>l km rvide at

ih" n".rot '" . t  point),  small  r ivers (250 m-I km

s' ide). and 
"r""k. 

,  < 150 m t* ids) We measured

canopy height rvi th a cl inometer at each indi-

,'idrrai t."e plot and averaged these values to

estimate canopv heigirt  of the entire site'

\Ve overlaved a 1- x 1-m grid on the studv

area and deteloped a t 'oordinate srstem along

north-sorr th (r)  and east- \ lest  (y)  exes of  t l re

grid. Using a rartdom-ntrmbers table' we se-

lectecl 200 x and y coordinate combinations to

locate random points, I23 of t thich fel l  in non-

aquatic lrabitat.  \ \ 'e used these points for com-

oarison u'ith roost trees and roost sites We chose

ih" ,r"" =20 cm dbh closest to each random

point and measured the same characteristics that

i. *""rtr.d on roost trees Within a 0'04-ha

circle centered on the rarldom tree, we also mea-

sured the same characteristics measured at each

roost sl te.
We considered each roost a sampling unit

because we did not consider individual trees

within a roost site to be independent' We av-

eraged continuous roost tree variabies for all

roost trees in the site. This average was the sam-

ole value for the roost. We used Kruskal-Wallis

iests to compare iocation parameters of contin-

uous variables among all classes of roosts and

random sites because variabies were not nor-

mall \  cl isir ibuted (Shapiro-Wilk test- P < 0 05)'

I f  the Kruskal-Wall is test resulted in the rejec-

t ion of the nul l  hvpothesis (P < 0 05), u'e used

Wilcoxon rank-sum tests to make pair-rvise com-

oarisons. \ \ /e used Chi-square analvses to com-

pare the {requencies of discrete variables among

all  roosts. col lect ivelr ' .  and random sites' because

of l imited roost sample sizes. We also used a

Chi-square analvsis to compare the frequenc-v

of sol i tarv roosting across al l  seasons of the year'

RESULTS
Eagle Roost Use

Comntunal Roost Lse.-We located l1 corn-

munal-summer roosts,  l3 commul ia l -s inter

roosts. and 16 sol i tarv roosts during 1986-89'

Communal-summer and communal-* ' inter

roosts r 'ere clumped in 3 general locations: ' \b-

erdeen Proving Ground (n : t2). the Eastern

Shore i tr  :  9), and the Susquehattna River val ler '

belorv the Conorvingo.Darn (n : 3) (Fig'  1)

Seven cotnmunal roosts u'ere used during q' inter

and summer, 6 rvere used solely in u' inter, and

4 solelv in summer.
we tal i ied 3, '18I eagles at 17 communal si tes

during 4-{4 observations (r :  7.84 eagles/count'

range : 0-43 eaglesicount) and recorded eagle

age in 3,1-19 cases. Counts included 843 adults

(26.8%), I44 subadul ts (a.6%), and 2'162' im-

matures and juveni les (68.7%)

Roost APG-I was used all year and served

more eagles than any other roost (f : I2'3 ea-

sles/count, n :  132, range : O-30) (Fig'  2)
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Table 1. Extended.

Acce$ (degrees) Distance to edge (m)
Ht above canopy (m)

Range

: '
I langeSERange

5.7.4,
0.5B

3.3A8
r..28

-0.6-9.1
-7.0-7.3

0.0-26.8
0.9-7.6

- 15.8-28.3

1.0
1.3
o9

0.5

294A
2328
298A
258AB
194B

208-360
i35-360
150-360
160-350

0-.360

t7.7

20.5
JU. /

to I

0-130
0-50
0-100
0-30
0-680

t6
6

10
8
i

3I
lo
0a

I3
33

Roost ES- 1 aiso was used about equally in rvinter

and summer. Eight roosts were used primarily

during rvinter, and 4 roosts were used primarily

in summer. All 3 roosts in the Susquehanna Riv-

er vallel' \1 ere most used in fall and rvinter (Fig

z).
Roost use peaked in rvinter coincident rvith

the presence of northern migrants and again in

summer coincident rvi th the presence of south-

ern ni igrants and most of the northern Chesa-

peake resident eagles (Fig. 2) (Buehler et al.

199I4). Roost use in the Susquehanna River r"al-

lev coincided rvith peaks in eagle use Lrelon'

Conou-ingo Dam in the late fal l  and earl l  rr . i r t-

ter .
Sol i targ Roost Use.-Radio-tracked eagles

roosted alone on 15 o{ 25 nights (60.0t;) in the

sr.r.nmer, only 5 of 24 nights (20.u%) in the fal l .

I  of  23 nights (39.1%) in the u ' inter,  and-1 of  9

nights ({{ .1%) in the spr ing (n:  Sl-  x ' :1Sf i .
3 df ,  P < 0.05) In general .  sol i tarr  s i tes ut : re

nrort '  r "  idel .  d ispersed than comnttr t l ;11 5; I r ' : .  ' 's '
pecial lr  on the Eastern Shore (Fig. l)

Roost Tree Characteristics
\ \ 'e iderr t i f ied I  l7 ror lst  t rees r i  , . ' t t t l t t t t t ta l

r ( ) ( )sts:  - l -1 t tees sere rrsed t l r t l r  i t t  t l t t '  s t l t t t t t t t  r '

5i  rr.c 're used ort lv in the s' irr ter ' .  att t l  i ( i  rr t ' t ' t '

used during both seasons. No roost trees rvert '

iderr t i f ied .* l tere communal roust i l rq o( (urrc( l

infrequentl-v (2 communal-summer enti  r i  conl-

rnunal-r. . inter si tes). We identi f ied l6 sol i tarv

roost trees, including 12 used during the sum-

mer period and 4 in the rvinter period.

.1,11 roost tree classes (comnrunal-summer,

cornmunal-* inter.  sol i tar) ' -summer'  sol i tar ;  -

u,inter) u"ere much larger in dbh than rvere

random trees, and roost trees in comntttnal-sum-

mer. communal-winter, and solitar-v--summer

roosts $'ere taller than random trees (P <,0.01

and P < 0.001, respectiveiv) (Table l). Com-

munal-summer and solitary-summer roost trees

\r,ere more accessible in terms of height above

canopy and access arc than were communal-

winter trees and random trees (P = 0.05) (Table

I) Only I  of I23 random trees (0.8%) surpassed

the minimum measurements of communai-

summer roost trees, and onlv 2 ol 123 random

trees (1.6%) surpassed the minima for the com-

munal-rvinter trees.

Roost Site Characteristics
Communal-s'inter roosts rvere found in stands

\f i th greater canopy heights than rvere com'

munal-summer roosts (P < 0 05) (Table 2), and

both *,ere fourtd in stands rvith greater canop)

heights than uere random si tes 1P < 0.001 and

P < 0.05, respectivelv). Al l  classes of roost trees

had more canop)- cover than did random trees

(P < 0.05). Snags occurred more often at roost

sites than at random sites (P < 0.0i) (Table 2)

Oaks and vel lorv poplars \ \rere used most fre-

, lurrr t l r  at  23 of  35 roost s i tes 165 7i)  but  oc-

curred most frequently at oniv 15.5% of random

sit t 's  (xr  :  37.0.1^ 2 df ,  P < 0.001)
(lrrnrnunal-u' inter, sol i tarv-summer, and sol-

i tarr '-rvirrter toosts $'ere closer to s'ater thdn

\\( . r ( ,  r : r l t ( l (Jnr s i te:  ,P < O.0l ' .  r r l tereas ctrm-

rrr , r r ia i -suturner roosts tvere c loser to the Ches-

ap, 'ake l lar  than.*ere random si tes tP < 0.00 I)
(Table S, Fig 3). There rvere no dif ferences

among sites ir t  the distance to large and small

r ivers, creeks, and ponds. Al l  roost classes rvere

farther from paved roads and btr i ldings than

rvere random sites'(P < 0.05). Bui lding densitv

rtas much greater within 500 m of random sites

than * ' i ihin 500 m of roosts (P < 0.0I).  Of the

roosts in our studl ' ,  95% were rvithin 720 m ol

the s ater, and 50{ rvere at least 680 m frorr-

the nearest bui lding.
Eagles selected forested sites for roosting

almost all cases, far more than availabiliti"
in
as
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Table 2. Mean canopy height (m), canopy cover (%): tree density (trees/ha), and presence of snags (% o{ sites) of bald eagle
roost sites and random sites on the northern Chesapeake Bay, Maryland, 1986J9.

Canopy ht (m) Canopy cover (%)

Range Range

j

,{

t

J wildl.

Table 2.  I

404
307
160
414
613

that duri
significa:
niunal-u
interprei

Trees
arneter,
trc'es a\ ' ,
;.rre COnSi
ing, rorx
Es'an an
l979 Ste
19,8i1. , \ r ,
I99()) .  Lr
rt icl  i tr  tc:
cr in lrold
atlvantae
rr ir ich rn
l95I) .  H,
of large
har, ior  (e

holdirr{  r

1r:rrsi  r t trvi l
srr  i  ta l  r le,
l )ecir t rse,
ist ics ol  t

Table 3 lF:

I ) rstarr . . , '  I

i .2( i
0.96
I l9
0.6:l

l . : i8

Roosts'r'

Communal-summer
Commrrnal-winter
Solitary-summer
Solitarv-rvinter

Random

o
t0
1'

123

2.1
t .4
I .6
3.9
0.7

61.3A
68.4A
69.3A
73.9A
37.58

,r t^
29.38
r9.7AC
i8.7.{C
15.4c

14.645.r
23.8-36.6
9.1-29.0
7.9-25.9
0.0-29.0

26.9-r00.0
34.6-96.2
5.8-98.3

48.3-90. I
0.0-100.0

o.o
5-J

9:0
9.0
3.0

" Canopy |reight, carcpy oler, and snags pr*nt differed among differentclas of rosts and random sitesba*d on the Chi-square approrimation
r i  the Kruskal-Wal l is tat  (19 > 2I.5,  {  df .  P < 0.001) Trees pei ha did not di f fer among di f ferent clases of r@sts and random si tes 1x2 :  g.2t,
t r i f .P=0.08).

b t'leans within columns followed by the same letter are not different iP > 0.05) based on Wilcoxon rank-sum rests.

measured b.v random sites (1: : 23.71.2 df, P
< 0.001). Eagles never selected sites associated
rvith human-developed habitats, rvhereas 8.9%
of random sites were developed based on the
USGS classificatidn. All but 3 solitarl' roosts oc-
curred in rvoodlots >43 ha (t : 800 ha). and
all but 2 communal sites \r'ere in g'oodlots 

- 
110

ha (t :  1,5a3 ha) (Fig. a), r thereas {8% of al l
\ \ 'oodlots on the studv area \r 'ere <{3 ha i i r  size.
.\ll Aberdeen Proving Ground roosts, e\cept
.\PG-2. occurred in the same 5.068-ha forest:
the second iargest forest on the studv area. Of
i5 roost si tes. 20 (57.1%) \r 'ere on public land
*'hereas onlv 25 of 123 random sites i10.3%)
\i-ere on public land (x'  :  18.1,3. I  df.  P < 0.001).
Six of 15 remaining roosts (J0%) occurred on
private land on 2 large corporate farms. one
r Remington Farms) that is managed specilicalh
for .v i ld l i fe.

Communal-summer and comnrunal-s' inter
rr)osts had smaller openings adjacent to the site
than di( l  sol i tarv-summer and sol i tarr '-rr inter

sites (r : 660, 681, 3.509, and .1.758 m, respec-
tivel-v, P < 0.01). Thirteen of 14 rvinter roosts
(communal and solitary, 92.9Vo) \\,ere protected
from prevailing northerlv rvinds. u,hereas only
12 of. 2l summer sites (communal and sol i tary,
57.IVa) \\'ere protected from northerl-v r+'inds (x,
:  5.25, I  df.  P : 0.02). Winter roosts did not
differ from summer roosts with respect to ex-
posure to prevai l ing southerlv u' inds (P : 0.?S).
Communal-summer and communal-u' inter si tes
averaged 1.00 and 0.39 ha, respectivelv tP :
0.65)

DISCUSSION
The primarv differences betiveen summer and

rvinter roost trees u'ere that summer trees had
greater access and protruded above the canop)-.
The key' difference betrr een sumrner and s,inter
roost sites was that summer sites u'ere esposed
in the northerlv direct ion. These dif ferences
rnigtrt be related to selection in *'inter Ior more
rvind protection. Buehler et al.  ( l99fb) reported

Table 3. Mean distances (km) {rom bald eaole roost siies and random sites to aquatic and human leatures. northern Ches€oeake
Bav. Marvland. 1986-89.

( lLrst 'st  rrater
Distalce to
lrrqe r i r t r

Dir t  [ rcr r , r
snrai l  r i r r . rDistair tc to trar

-_'_----"--
rJE

Roosts'r'

Communal-summer
Communal-rvinter
Solitarr'-summer
Solitan-u'inter

Random'i

0..i3.\B 0.09
0.16.{ 0.07
0. igA 0.08
0.0{.{ 0.04
0.598 0 06

9
ln
t2

I ta

2.tsA 0.30 7.21 1.29
5.3.{AB 1.67 5.; l  -  1.32
5.30A8 l.3l 6.25 1.36
3.98A8 t.82 L22 0.22
8.228 0.52 4.63 0.40

:.82 0.{9
6.01 r .77
!.00 0.;o
l.  t8 0.{ i2
2.79 0.20

" The closet s !tcr. distrnce to bar'. rlistatr-'e to road. distance to buiklirrq. and buildings rvithit 5u$ rn differt'd among different classes o[ rmrts
at id randonr si t t 's ba*r l  on the Chi-sr luare rpproi imrt ion of the Kruskal- \1 'al l is t6t  (x:  > l?.2, . l  df ,  p < 0.001).  The disrance to Iarge and soral l
rivers.. crecks. axl lunds are not difrerent amoog difierert classc o{ rmts and rrndoh sits {x: = 6.9, 8 S, 8.7. g.7; 4 df;p = 0.06. O.Oll. O..tS. 0.02,
rr'spect ivel v ).

\ te.rns si t l r rrr  colunrns fol lorved br the sme lei ler rre not di t ferert  (r ,  ,  ( t .05) Lasd on \ l ' i lcoron raok-sum tests.
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, of sites) of bald eagle

#

i c@cr (%)

Range

.9-100.0

.6-96.2

.8-98.3
3-90.1

,.0-100.0

o.J

5.5
9.0
9.0
3.0

Chi-square apptotimatioo

d random si tes (xl  = 6 21.

I 4,758 m, respec-
f 14 winter roosts
7c) rvere protected

nds, rvhereas onlv
lunal and sol i tar),
iortherly- 'rvinds t1:
rter roosts did not
' i th respect to er-
'u- inds (P :  ( i . :S)

:nunal-u' inter si tes

respecti lelv iP :

:\l'een su[rmgr and
summer trees had
above the canop\'.
: lmmer and lr ' inter
;ites rvere erposed
These differences
:lr  t ' inter for ntore
: .  i l99Ib) reported

s. northern ChesaOeaxe

I ) istar ' (r  t ( ,
rnral l  ,  r r"r

2.82 0.{9
6.0I  I . ; ;
2.00 0.50
l . l8 0.62
2.i9 0.20

rrg different classes of rmsts

distanc to hrge and small

i f :P = 0.06. O06.0. .15.00;.

'(')
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Table 2. Extended.

Snags presnt (7.)
Trees/ha

T Range sE Range

{06
307
460
444
6I3

r92-1,033
IDb-D I i '

i56-i ,625
JZJ-ODU

25-3,750

I1.4-75.0
0.0-30.0
0.0-50.0
0.0-57.0
0.0-67.0

92.8
34.0

I  I3.0
73.9
50.r

24.4-.L
13.3A8
l0 28
29.5AR
3.6C

6.5
2.8
.1.0

12.0
0.8

that during u'inter a communal-summer site had

sigrrificantly greater u'ind speeds than a 
-com:-

munal-winter site, \4'hich is eonsistent with this

interpretation.
Trees used for roosting rvere larger in di-

ameter. ta,ller,'and more accessible than other

trees available on the studv area. These results

are consistent u'ith other studies on eagle nest-

ing, roosting, 3nd perchi lrg habitat (e'g ,  \1c-

Er*'an and Hirth 19?9. Stahnaster and Ner*man

I9?9. Steenhof et ai.  I"9E0, Keister and Anthonr'

1983, Anthonv and Isaacs 1989, Chester et al '

I990). Large trees ma\'be seiected because thel'

sicl  in terr i tor ial adlert ising and defense' ther'

can holcl large nests. thev are aerodl 'namical lr-

advantageous. or ther al l<lu'  exposuls 16 s' ind

s'hich might recluce insect infestat ions (Fraser

1981. ).  Hos ever. hl potheses to explain selection

of large trees that applr onlv to I  tvpe of be-

havior (e.g.. the inrirortrrnce of large trees tor

holcl ing nests):tre inaclequ:l te. Perhaps the most

parsirnott iotts erplarlat iott  is that there are lrore

suitable perchit le l inl l l :  i rr  large trees' or that

becarrst '  of tht '  larg,: sizt '  airt l  i l ight charac-ter-

ist ics o{ eaqlt 's. thcv s,111 1't t l r  tr l rnfortabl i '  etrter

Table 3.  Extended.

and exit trees rvith an open canopy
(Herrick 1924, Gerrard et al. 1975,
and Hirth 1979).

structure
N4cErvan

MANAGEMENT IMPLICATIONS

On > 40% of eagle tracking nights' nonbreed-

ing eagles roosted by themselves l\4oreover,

"omm,rnal 
roosting occurred .vear-round, but

onlr '  l l9e of i l re sites rvere used in both sunlmer

an.: i  . . ' i i t t*r.  l 'hus. i l  efforts to protect eagle roost-

ing habitat are l imited to protecting rvinter com-

munal roosts, ntost roost sites rvill go unpro-

tected.
Because r{)osts \t'ere near $'ater and far from

builclings. roost habitat could be preserved by

protecting undeseloped shoreline forest stands

ihat ertend at least 1,400 rn inland from the

u'ater 's edge and encompass at least I ,360 m of

shoreline edge (680-m buffers on both sides and

inlanci from the site). This size (f90 ha) sl ightl ;"

exceeds the rninimum s'ize of the forest stands

that contained communal roosts ( l  i  0 ha) Forest

nanagemeltt  u i t l t in these stands should protect

exist ing tal l ,  large diameter trees and promote

their gros-th in st irncls s'here thev are lacking'

Dirtarr t t  t r ,  .  r r r -k i ) l ' t . r ! t r1 '  I 'J  ixr t rd

i  5f :  i  sE

I) is lrncr l ( ,  ror(1 l) istai lcr  ro t)rr i ld ir ! I lu i id ires tv i thirr  5(U nt

sr.

l .2t i
0.96
1.19
0.63
l. i l8

0.:16
0.s1
0.3r,

O.I I

0.ci;
0.61
0s6
0.;s
L3{

0.1l
0.  I2
0.20
0.27
0. l0

0.;r iA
0.i . lA
0.6'rA
0.60.\
0.:7rl

0.  l8
Q.16
0. l {
0.13
0.03

t.2iA
O.E4AR
0.708
0 558
0.3.icl

o. 19
0. r8
0.20
0.12
0.0{

0 00A 0.00
1.10:\B 0.69
3.508 z.Oi
0.50AIl 0.50

16.7C 2.57
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In addit ion to providing roosting habitat,  such
preserves could provide foraging, loafing, and
nesting habitat.

\1-e did not est imate the total number of suit-
able roost trees or roost sites on the northern

Chesapeake, or the number of si tes required to

support a part icular number of eagles. Conse-
quentl1,, rve do not knorv q'hether roost habitat

60
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Fig.3. Distance (m) to water (Chesapeake Bay, Iarge rivers. small rivers, creeks, or ponds) from roost sites and random points,
northem Chesap€ake 8ay, Maryland, 1986-89.

is l imit ing eagle distr ibution. Horlever, feu'er
than 2% of the random trees met the minirnunr
habitat values of roost trees, indicating t l-rat suit-
able roost trees are scarce relat ir ,e to other trees.
This relat ive scarcitv suggests that i f  shorel int:
forest is removed indiscriminatelr ' ,  roost habitat
could become l imit ing to the bald eagle po1;u-
lat ion in the futrrre.
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Forest Block Size Midpoint (ha)
Fig.4. Size(ha) offorestblocksinwhichcommuna{roostsendsolitaryroosts\^rerefound,andforestbloctsizeolthenorthern
Chesapeake Bay, Maryland 1986-49.
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A substantial portion of the northern Chesa-
peake shoreline is already developed (Buehler

et al. l99lc), and development pressure on the
remaining shoreline is expected to be great (Gray

et al. 1988). We recommend, therefore, that the
adequacy and sustainability of the current roost
habitat need to be evaluated.
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