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Winter Ecology of Bald Eagles in the Nisqually River Drainage,
Washington

Abstract
\le studied the winter ecolog) of a population ofbald eagles (,ry,1ild.irr&r i.r.o.etlrdlrlr) on the Nisquall) River and a tfibutrry,
\,luck Cfeek, in $'.rshingtN, lbf 3 years. Peak eagle Dulnbels on the ri\er and cfeek conbined occurred in errly Febfurri and
$ e r e  I  6 i l  i n  1  9 9 1  - 9 2 .  1 2 8 i n 1 9 9 2 - 9 3 , a n d 1 5 6 i n 1 9 9 3 - 9 . 1 . F o r t h e 3 ] e a r s , 7 9 ' z o f e a s l e s u s e d t h e N i s q u l l y R i \ e f a n d 2 l % u s e d
Nfuck Cfeek. Ergle use ofthe filef was high between 8 and 18 km (5 and I I llliles) upstream ofPueet Sound rnd a! the mouth of
Yelm Creeki use on N{uck Creek xas concentrated on ihe lower,l k'n (2.5 miles). The subadult proportion in the study area !la!
,16% in l99l  92, ,11%in 1992 93.  and. l - l ' ,4  in 1993 9. |  i i  increased throughout each winier :and i t  \ \ 'as h igherwherc mon caglcs
congregated. Chum salmon (Onorh\wfu\ kltd) \ias the primarv food source. and this eagle population was prcdictcd ro con
sume 1.100 salmon carcasses each \\inter based on the yearlt average of 6.952 eagle use days on the river and creek. Blacl
cottonrood (/1rzl"! d/vrnil4r.) r'as the mosr \ridely u\ed tree species by both perching (539; of I ,1ll eagle sightings) and
fm\ting (53tt of9.l fm\t trees) eagle\, rnd 8 of9 communal roo\ts were locrted in old-gfo$th forests. Management to enhance
chulll salmon runs. maintain fore\t habital, and regulate human disturbance is needed lo pfotect this eagle population.

lntroduction

Washington has the largest number of wintedng
ba ld  eag les  in  the  cont iguous  Un i ted  Sta tes
(Stalmaster l987:31). and most of these eagles
usc rivcrs in thc wcstcm ponion ofthe state. Large
winter populations ofeagles in Washington exist
on the Skagit River (Servheen 1 975. Ralph 1980.
sralmastcr 1989, Hunt ct al. 1992), Sauk and
Suiattle dvers (Russell 1980, Stalmaster 1989),
Nooksrck River (Stalnraster et al. 1979, Knight
and Knight 1983), Skykomish River (Hansen and
Bartelme 1980). Lewis River (Anderson and
Ichisaka 1986), and Columbia River (Fitzner and
Hanson 1979. Knight et al. 1979. Fitzner et al.
1980, Wood 1980. Fielder and Startey 1980. 1987).
A wintering eagle population on the Nisqually
River and its tributaries has been Jocally known
for years (Halrington Tweit and Kerwin 1979,
1980; U.S. Army unpubl. data), but never stud-
ied in detail. The purpose of this study was to
determine the numbers and distribution of bald
eagles on the Nisqually River and Muck Creek,
Iocaie communal night roosts, document diunal
and nocturntl habitat use. anclassess dietary habits.
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Study Area

The study area is located south of Puget Sound
and east of Olynpia, WashiDgton, mostly on the
Fort Lewis Reservation (FLR), a U.S. Amry ln-
stallation, and the Nisqually lndian Reservation
(NIR) (Figure 1). The Nisqually River, u,hich
odginates on Mount Rainier. traverses both res-
ervations nofthward and empties into Puget Sound.
Muck Creek traverses the FLR westward and
empties into the Nisqually River l8 km (mile I 1)
upstream from Puget Sound. Yelm Creck passes
through pdlate land in the study arca and enters
the Nisqually River 2l km (mile l3) upstream
from Puget Sound. Most shorelines of the river
and crceks in the study area are undeveloped: the
studied pofiion of Muck Creek l1ows through
military firing ranges on the FLR.

The study area is in the Tsuga hetercphtlLa
(western hemlock) Vegetation Zone (Franklin and
Dymess 1973). Mostforests on the FLR are com-
poscd of Douglas-fi r l.P se udots uga men:.ie si i) and
are managed lbr development oflate successional
stages. Forests on the FLR along the Nisqually
River and Muck Creek are protected fiom har-
vest and some are old-growth. Riparian forests
along the river and creek consist nostly of red
alder (Ahus rubra),black cottonwood. Douglas-fi r
bigJeaf maple (Acer rnar: rcp hy I Lunr'1. w estern re<)
cedar (Thuju plittttu). and Sitka sprucc (Plcea
sllcftenslr). Oregon white oak(Quertus go nana),
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grand tir (A Dle.s grazdis), shore pine ( P inus con-
torld), western hemlock, and snags of various
species also exist.

Chum salmon spawn and die in the Nisqually
River and Muck Creek. This chum salmon run is
onc of the latest in North Arncrica. with peak
die-off! occurring in Janual.v and February. and
as much as one-third ofthe run spawning in Muck
Creek (Hollcr 1990). In droughty years, how-
ever, Iow instreanr f'lows can prevent salmon tiom
cntedng the creek. Coho salmon (Ont orlrrrrcftrt.r
kl.rracr). steelhead trout (O. rnlflri), and other
salmonids also spawn in the drainage.

Methods

We madc weekly counts of bald eagles on the
Nisqually River by drifting in a ralt tiom McKcnna
(river mile 22) to Nisqudly (mile '1) (Figure 1).
We conducted 20 censuses from Nor'ember to April
in 1991 92, and l6 fiom Dcccmber to April in
both 1992-93 and 1993-9,1. We conducted all
censuses trom 0900 to 1,100 hours on weekdays.
Of the 31 % of cagles that were flushed by our

rtrft and flew downsteam. ca.757r remained within
view and thus were not counted again. Of the
rcmaining ca. 257c ofeagles that flew downstream
and out of vicw. we recorded each as one-half of
a sighting k) minimize duplicate counts. We be-
lieve our counts were accurate within a 5ol. range
of eror tbr eagles perched <50 n frorn the river
We recorded eagle age and behavior. river mile
location, and use of perch tree species tbr all
sightings. Eagles with mostly white heads were
recorded as adults. and brown and mottled eagles
\vere recordcd as subadults. We assessed diets of
eagles on the river by identifying fbod carcasses
.een e i l len  b1  er rg lc '  dur ing  censuse. .

Thc percentage of the population composed
of subadults was analyzed for weekly trends dur-
ing all 3 years and in relation to eagle density
a lnn !  the  r i re r .  Wc p lu red  .ubadu l t  p ropor t ions
by u,eek over the winter season using linear re-
gression weighted by weekly subadult percent-
ages. Subadult proportions also were compared
with the seasonal total number ofeagles recorded
per river mile using l inear regression.
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We countcd eagles on Muck Creek tion the
confluence with the Nisqually River to 8.,1 km
(5.2 miles) upstream. using UH- I Huey or OH-58
Bell hclicopters. thc best method for censusing
this inaccessible area (Figurc 1). We conducted
l.l censuses tiom Deccmber to March in l99l 92,
I I in 1992-93. and 9 in 1993-9,1. We conducted
all censuses in lrte ororning on weekdays for <l
hour in duration. Flight speeds generally wcre
35 to 55 kn/hour and ahitudes were 60 ro 120 m
abovc ground. To prevent duplicate counts. all
cagJes that f lushed and flew rhead of thc heli-
copter were kept 1n continuous view. We believe,
however. that our couuls by helicopter underes
timated actual cagle numbers (Stalmaster 199:l).
Eagle sightings werc subdivided into upper.. middlc.
and lorver reaches ofthe creek using thc Nisqually
River (creek kn] and mile 0.0), the bridge ncar
Exeter Springs (krn 3.9. nile 2.4), Hardcn Hil l
(kn 5.6. rnile 3.5). and the bridgc near Roy (knr
8.:1, mile 5.2) as dividing landmarks (Figure l).

We lbund night roosts by visually firllowing
eagles in late afternoon using vantage points along
the Nisqually River ancl Muck Creck. Afterroost
locations \\, erc determined, we made weekly counts
of eagles arriving at cach roost from 1500 hours
unli l dark. Guano on the ground indicated spe-
cil lc roost trees used bv eagles.

Wc used eagle usc days (EUDs) b assess eaglc
use on the study area (McClelland et a]. 1982).
EUDs. the area under a population curve. rcpre-
sent a combination ofeagle nurnbers and the lelgth
of time that eagles are present ancl are calculatcd
as tbllows:

EUDs = I Di(C + C _r)/2

whcre D = numbcr r)f days between counts i and
i + l. i  = count number, and C = numbcr of eagles
pcr count. Sinilarly calculatcd, eagle use nights
(EUNs) wcre used to document eagle use ofnight
roosts.

Pcrch tree usc on the Nisqually River was
compared to tree availability to detemine if eagles
preterred or avoided specific tree species
(Stalmaster and Ne$,man 1979). \\'e detem.incd
tree species availabil ity by establishing 72 plots
aDd sampling 288 trces >25 cm diameter witlt in
50 m of both shorelines of the river frorn river
km 6 .5  to  3 ,1 .6  (mi le  :1 .0  ro  21 .5) .  us ing  thc
point cenlcred quarter ntethod (Linclsey et al.
1951i). We uscd .13 2 x 2 contingercy tables to
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determine statistical significance of tree species
preterence or avoidance. We recorded species
and health oftrees at communal roosts, and mea-
sured representative trees for hcight (clinonteter)
and diameter at breast hei-qht (measuring tape).

Results and Discussion

Populat ion Dynamics

Baldeagles wiDtered on the Nisqually River (Figure
2) and Muck Creek (Figure 3) primarily fiom late
December b late March: weekly high counts on
thc river and creck combined were l68 in 1991-92.
l28 in 1992 93, and 156 in 1993-94. Eaglc num
bers on the Nisqually River were high in 1993-9.1
compared to other years and nunbcrs peaked
betwecn late January and late February. depend-
i n e , ' n  t h e  5 r r r .  H i g h  c L , u n l .  o n  l h e  r i r e l  u c r c
105 in 1991-92, 83 in 1992-93, and 155 in 1993-94.
In contrast, eagle numbers on Muck Creek were
exceptionally low in 1993 94 compffed ro other
years. but peak counts were all recorded in early
February. High counts on the creek were 77 in
l99l-92. 60 in 1992-93, and 10 in 1993 9.1.

We recorded a 3 year avelage of 6,95 2 EU Ds
on the study area; 7.036 in 1991-92. 6,452 ir
1992-93. andl ,367 ln 1993-9,1 (Table 1). For rhc
3 years combined. 797c of EUDs werc on the
Nisqually River and 2l7o on Muck Creek. Dur,
ing 1991-92 and 1992 93. however. 70-7 I ./c of
EUDs were on the river and 29-307o on the crcek.
compared to 1993-94 when 95% of EUDs were
on thc river and only 57r on the creek. Low eagle
use on Muck Creek and higherusc on the Nisqually
River in 1993 94 were artdburable ro rhc low
instream flou's in Muck Creck which prcvented
salmon lrom entering the crcek. These low flows
wcre caused by unusually dloughty wcather and
llows did not increase unti l mid-March, after the
salmon spawning season.

Thc eagle popularion on rhe Nisqually River
and Muck Creek (peak of 168 eagles) apparcntly
is the lburth largest riverine conceltration in
Washington. Larger populations erist only on
the Skagit River ard its t l ibutaries the Sauk.
Suiattle, and Cascade rivers (peak count of 501
eagles. Stalmaster I989.). Nooksack River (peak
of >200 ergles. Knight and Knight 1983), and
Columbia River (Fielder and Starkey 1980, 1987).

Seventeen eagle counts by helicoptcr on the
Nisquallv River (river krn 0- 18, miles 0-1 1) and
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TABLE I l\'lcan number of eagle usc days (EUDt on thc Nisquall) River and Muck Creek during (he winrer\ of 199t 92.
1992 91.  and 1993-9.1.

r99 t  92
EUDS ?c

1992 93
EUDS %

1993-9.1
ELJD\ cn

Means
EUDS '/c

Nisqually Ri!cr

N4uck Crcck
'lotals

5.50.1 19.2

1..1,18 10.8

6.952 100.0

.1.9.13

2.093

7.016

70.3

29.1

100.0

,1.568

r.88,1

6..152

70.8

)9.2

100.0

7.001

366

1.361

95.0

5 .0

r00.0

Muck Creek (creek km (18. rniles 0 5) in Janu-
ar1 or Fcbruary trom 1981 to l99l avemged 24
eagles and ranged tionr 2 to 56 cagles (U.S. Army
unpubl. data). We believe 4 factors explain why
our high count (168) was 3-tbld highcr than the
highest historic count (56): ( I ) instead of using a
helicopter. our river censuses rvere conducted by
boat which is a more thorough and accurate means
ofcounting eagles (Stalmaster 1994). (2) our counts
includcd a longer time span and always included
Febmary whcn peak numben typically occurred,
(3) r 'e censused 29 km ( 18 miles) of river com-
pared to I E kt]r (l I niles) by the U.S. AImy, and
(4)  ue  .pecu la lc  Ih i r l  thc re  h l .  bcun rn  inc reasc
in the cagle population.

Subadult  Proport lon

The subadult proportions on the Nisqually River
and Muck Creek combined increased at similar
rates during all 3 winters (Figure .1). This sea
.onc l  inc rer \e  in  the  subtdu l l  p ropor r ion  i :  c r -
plained by the early departure of adults to breed-
ing areas in conjunctiol'l with the lateness of the
salmon rln and. thcrefbre, the lateness ofthe eagle
population.

The:t67r subadult proportion on the Nisquall)'
Rir,erand Muck Creek combined in l99l 92 was
higher (Xr 2 x 2 table. P < 0.05) rhan the i117.
recorded in 1992-93 and 437c in 1993-94. For
the Nisqually River, the 52% proponion in l99l 92
was higher (F 2 x 2 table, P < 0.05) rhan the
,117c in 1992-93 and.13%' in 1993-94. For Muck
Crcck. the 16% proportion in 1993 9,1was lou,er
(X 2 x 2 tablc. P < 0.05) than thc 3I a/e recorded
in  1991-92 and 39% in  1992-93.

The high propo ion of subadults on the river
rn 1991-92 (52c/t) occurred in conjunction with a
shift in the population curve to late winter (Fig
ure 2). Because subadults wcre proportionally
more comnron in late winter (Figure.1), the sub-
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MONTH
Figure '1. Rcladonship between lhc subadulr fropo(ion (Y)

and $eel of \eason (Xl during 3 wi er\ on rhc
Nisqually River and NIuck Creek conbined. Lin,
car rcgres\ions \lcrc significant x! P < 0.0{11 lbr
1 9 9 1  9 2  f / r  =  l 4 w e e k s . I = 9 . 1 + 3 . 8 0 I . f =  0 . 8 5 6 ) .
1992 9l  ( ,  = I6 $eeks.  f= 13 3 + 3.21X..= 0.85{ l ) .
and 1993 9 '1( / r  = l6 $,ccks.  I= 10.2 + 3. l3X. r .  =
0.8I) .

adult proportion was therelbre higher in 1991 92.
The low ploportion of subadults on Muck Creek
in 1993-9,1(16%) was likely due to alackofsalmon
in the creek. Subadults teod to be propertionally
less common than adults at lor-yieldilg fceding
sites (Stalmaster 1987:83).

Subadults were proportionately morc common
on Nisqually River reaches where eagles were
most concentrated (Figure 5), on the lower reach
of Muck Creek (36% subadults) where both food
and cagles were most abundant conlpargd to the
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middle (32%) and upper (237r) reaches, and on
the rivcr (,137r) instead of the creek (16%) in
1993-94 rvhen low creek flows precluded spawning
by salmon. Subadults are less adept at finding
food than adults and nrore dependent on other
caglcs to l ind food (Knight and Knight 1983).
rnd are thercfore rellt ir el5 mlre eommrrn i n rrre.rr
where the overall eagle population is high
(Stalmaster I 9lJ7;83).

D str  but lon

Eagles congregated or the Nisqually River be-
tween river km 6 and 23 (miles,l and l4); there
were relatively few birds upstrcanr of river km
23 (Figure 6) and 1e\\" downstream of dver km 6
(Stalmaster 199:l). There u,as rn average of 56'lc
of eagle use between river km 8 and 18 (miles 5
and 11) during the 3 study years. Eagles wele
also comrnon on km 2l 23 (mile l3 14) (15% of
total fbr 3 years) where Yelrn Creek enters the
river, and use on this stretch increased from 7%
in l99l 92, to 159l in 1992 93. to 2l% in 1993-9,1.

We believe that eagle distdbution on thc
Nisqually River was primarily influenced by the
availability of churn salmon carcasses. but river-
inc fcaturcs. riparian habitat. and human activity
also atlected distribution. Where eagles were
common. the river was wide, braided. and shallow
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rvhich provided optimal salmon spawning habi-
tat and caused stranding of carcasses. Tall.
old-grcwth cettonwood trees often lined the banks
wherc most eagles resided. Human presencc also
was generally lou in areas of high eagle use. We
speculate that the presence of numerous bank
anglers on krn l8-21 (rniles l l-13) precludcd
normal eaglc use of this river stretch (Stalmaster
199'1). Also. eagles uere common on thc lower
I km ofYclm Cleek and along the adjacent river
because thev fed on a late winter salmon run in
the creek.

On Muck Creek. 72Va of eagle usc was on
the lower reach. compared 10 l5% on the middle
reach and 137. on thc upperleacl]. Feedingeagles
\!ere cotrmon near Exetcr Springs (km 3.2. mile
2) in 1991-92 and 1992 93, where stream reha-
h i l i ta t ion  h l '  e l lh i l l t ced  (hu ln  . l l rnun \ l ru l ) ing
habitat (Holler I990).

Food Source

Of I l8 eagles obselved t'eeding on rhc Nisqually
River.75 prey items were identit ied: 72 (96clr,)
chum salmon, and I ( I %1 coho sallron, black,tailed
decr ( Odocoil eus lrcruoriris). and hooded merganser
(Lophodytes .uct lotLls). Although not quanti-
fied. chum salmon also was the primrlry lbod source
on Muck andYeln Creeks. Given an average of
6,952 EUDs fbr the study area (Table 1). a con-
sunrption rare of 0.:+9 kg salmon/bird/day
(Stalmaster and Gessaman 198.1.1. a 967c diet of
chum salmon, a nrean mass of 3.76 kg and a mean
edible nass of 2.97 kg lbr each carcass (Stalmaster
and Gessaman 198,1. Stalmasrcr 19921), an esti-
mated 1.100 chum salmon would be cotsurncd
by this eagle population each winter Chum salmon
is perhaps the single most important winlcr tbod
of \\'inlcring bald eagles on livers in the Pacific
Northu'est (Stalmaster 1987:9.1), and eagles on
the Nisqually River. Muck Creek. and Yelm Creek
are virtually depcndent on this tbod sourcc.

Roosts

We documentcd 6 traditionally-used. conrmunal
night roosts on the FLR and 3 on the NIR (Fig-
ure 1. Table 2). Using EUNs. Muck Creek was
the largcst roost (2.+% ofuse), followecl by Carter
Woods (22%), Cabin Creek ( 19%), and Yelm
(18%). The highest nocturnal eaglc counts were
milde at thc Muck Creck roosr in l99l-92 (68
eaglcs) and at thc Yelrn roost in 1 993-9,1 (6-5 cagles).
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TABLE 2. Peak bald eagle count\ a! I cornDrunal roosts on
lhe study arca dur ing rhe winter \  of  t991 92.
1992 93.  and 1993 9.1.  Also presented arc the

can number ( l1 cagle use nights {EU\s)  dur i rg
l99l 93 and l99l 9.r colnbined.

l99l-91 1992 93 1993 9,1
EUNs

\,lean qc

\4uck Creek'

Cabin Creek.

Sdc Channel '

Bl ' r$ '

Tree Farnr'

Ri!erbcnd.

T()tals

21

25

36

26

n
l l

6

5

1

22

til

65

8

l i)

IJ

t. \0'7 21.2

98 .1  2 r . 5

881  r9 . l

8,11 18.,1

199 ,1.,1

196 ,1.3

187  , t . I

r oE  2 .3

11  t . 6
.1.577 100.0

'C)n Fort Ler\is Rescr!rtidr.
"On Nisqu.rlly lndian ReseNation.

ln 1993 9,1. Muck Creek roost counts were lou'
because of it lack of salrnon in the crcek, andYelm
ro()st counts were high when a large run ofsalmon
spawned in nearby Yelm Cleek. Eagleuseofthe
Cafter Woods and Cabin Creek roosts u'as rela-
tlvely consistent, and use at the other 5 commu-
nrl roosls was low (each with < 12 birds per night
and <57. of total use). We fbund 10 other roosts
that were used inconsistently by fcw birds
(Stalmaster 1994).

Hab i ta t  Use

Black oottonwood was the most fiequently used
perch trce species (-53%.) on the Nisqually River.
but red aldcr (187c) and Douglas-tir (l lclr) also
werc widely used (Table 3). Comparing perch
use to availability. snags were strongly prcltrred.
but black cottonwurds and bigJeaf maples also
were prefercntially selected. In contrast. red al-
der and Douslas-firwere avoided by eaglcs. relative
to their availabil ity.

Eagles prefened diumal pcrches that were (l)
close to the shoreline and salmon carcasses. (2)
tall with stout, horizontal bnnches that pfovided
panoramtc vicws. and (3) had open. unrestrictcd
fl ight paths. Cottonwoods plovided these char
acteristics thereby explaining why they rvere both
frequendy used nnd preferrcd by eagles. Prelened
use of snags. cottonwoods. and maples in west
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1992 91.  and l99l  9,1.

Perch t)pe'
Availabilitv

ri.
Utilization

n 7 t

Snag'

Black cotton\lood

Big- leaf  mxple

Sitka spruce

Oregon .|lhire oak

Douglas fir

Rcd aldcr

T(rtals

2

l8

t l

2

1 2

I

l l 2

0

288

4 .1

2 l . I

1 .2

0 .7

1 .2

0 .3

1',7.0

15 .8

100.0

11

16(.)

1 1 2

5 l

l

r 5 l

25 t

2

1.12-l

5..1

'/.9

1.t)

1.6

t).1

10 .8

1',7.6

u . l

100 .0

1 .7

2.O

1 .9

0 9

0.1

0.6

,15Ll+

363.5i

: t5.6+

t . - l

32.1*

2,16..1i'

"Ercludes gravcl bars. drilr$ood. ience posts and trees >50 m fronr llrc ri!cr.
bRrtio olutilizaljon to a\ailability: r.rlios hger th.rn i $ith signiiicant l'\alucs indicrrc a prelefence for a perch typc
and fat ios smal lef  than I  u i th s ig i t icanl  Xr la lues indicate.rn a\r id. rnce ofa pe.ch typc.

*  P < 0.001.

ern Washington has also been documcnted on the
Nooksack Rivcr (Stalnraster and Newman 1979)
and Skykomish River (Hansen andBanelnc 1980).

Of 9,1 measured trces at 9 roosts. black cot-
tonrvood was most commonly used (53c/r) by
eagles. followed by Douglas-fir (40'la) and u'est-
ern red cedar (6711. Eagles roosting along the
Nisqually River or its side-channels used cotton-
woods almost exclusivel)'. and eaglcs roosting off
the river used llrs and cedars. The 9.1 roost trees
were a mean of:19 m in height (29-76 m range)
and 101 cm in diameter (43- 180 cm range). Thir-
teen of 9,1 roosl trecs (147.) were dead, having
died trom either inundation or girdling by bea-
t ers (Costor canadensis).

Cottonwood, fiq tnd cedar are the nlostcom
mon roost tree species usedby eagles on thc Skagit.
Nooksack. and Skykomish rivers (Hansen et al.
t9E0. Anthony et al. 1982). similar to our find-
ing : .  He igh t .  i rnd  d i rmete ls  o I  roos t  r lec :  in  r \u r
study area -lcnerally were larger than trees in l3
communal roosts measured throughout the Pa-
cific Northwcst (Anthony et al. 1982). Mean di
rmeters of trees in 8 of the 9 communal roosts
surpassed the 81-cm diameter minimum specifi
cation lirr old-growth (Anthony ct al. 1982). Only
fir trees in the Bluff roost were not old-growth:
l he) u ere bcine m:rnrgeJ l i rr hun e.t prior to roost

discovery. Ff hees in the Muck Creek roost were
exccptionally tall, up to 76 m in height, and dead
cedar trees in the Cabil Creek roost werc excep
tionally wide, up to 180 cm in diameter

Protective Management

Wintering populations of bald eagles necd an
abundant, accessible. and uncontaminated food
source; old or mature lbrests for perching and
roosting; and seclusion l iom disturbing hunan
activit ies (Steenhofand Blown l9?8). Thcse el-
ements exist in thc study area despite the closc
proximity of the FLR and thc NIR to large met
ropolitan centers and associated human infl uences.
However. managernent is negded to enhance con-
ditions to provide tbr both the existing and an
expanding eagle population. We recommend
enhancing existing chum salmon spawning habitat
and restoring dcgraded sites. especially in arcas
secluded fi'om human activity, as well as allow-
ing higher spawning escapements for the drain-
age (reducing comnrercial and sport haNest).
Old-grorth and nature forcsts along the Nisquall]'
River and Muck Crcck need to be continually
protectcd from harvest, as is the present FLR policy.
Riparian forcst managemenl on the NIR also should
consider habitat needs of bald eagles. Disturb-
in-q human activity should be selecti!ely restricted
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d ring the winter season. This includes regulat-
ing (or monitoring) boating and helicopter traf
fic along the Nisqually River. and eliminating
explosive ordlance disposals and other disturb
ing military fir ing activit,v near Muck Creek
(Stalmaster 1994).
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