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Ab,i,r,:tat We ln~gat«I :>ab:tatasroCW.tion ofl!)'mpmi,: l«:1.triiled hawh ;Buwja,luiimtSu) andnwthem gt:.tlw:wk,; fil r.;:' I,), 
~gentufJ} at 2-qmtial .wales c,:mered 0]1 Pe•ui1es.: {ll fi~ p:i;term Qffo~esr~r:ru:rcir.:- art<l topogiaphywitl'l• \ f'-" 
in 16-n-. n,:,fais dr-::!es (0.08 fra}.und (2) mld&:11e prt=s offorCJreC and n<»'.fore!.led are-as, forestfragme..-itatio.-i,and / f\Q ~ l,;, , 
topogr~y ,-,J.r.'ll.,-, ~IH·adh»H:irdes (1,367 m;. ~nfon;,«;d ~ were defu1cd M ;tty ;m::;d;,.;;kl~ :>20¾n:anopY C- /',,,. / 
,:;J_oture wfrJilr! .t 30~CT1L Al born SG!!tl rf!{l,tal!ed h:wik'.~itt!o:11; were more v;,rL:ib!e and go.shawl'.: asso,):a-- ,""' ~ 
tions less va."'Iable. N, the fine 5':a!e, goshawk; were ,;,onsinenfy~tl:'d whl1 open undern.ories, 1al! ~ =d g,;"11-· ~..._. Q\} 7 
tfo Ill opes (i"' 9.6", SD "'6.9') whTii:- r»ralled balltt lffl!N!" =o,:i2ted, on a\m.ige, with S1eep,,m:inh~1klpes (X = ~ >.:. 
17.,P, SD"' s..J} :md denseundernorles • .AJ the mldsc&k, tOSEawh were tQrt~te.l!d)' as:;oda:wd with pat,;11¢1: of cq_n- · . ......, , ,p'!:J. 
Wl1.1mlilforestand ~ tertai.n withiu 64$ m of nest~. fuid.tail~d ham.$:Wtft!=uciated.wilh rnmforescetl areat }(;(;;!{• V v' 
~wfuittl J OS-545 m of ne&liiMS and s~ $lop,!$ w'..thin 105 m oi nest ~re... lwrim fr..gmemruion W".4 greater around l:, 
t~cl-mtled. hawk !'lts!: 2'e,, an,d forested Tegmns were mor,;, ?ggrcgawi a.<uun<l gOIDawknesui<ell when eomp;u>!d wl'th 
the other~ These JE:..u.em'l itn;l.k:are- that on the ~bah l'la:ltlau, red-called NIWU v.:i!.f2h1 ha:bltar at the: ml<i• • 
$Cil.le<md gQthaW.:i: will lose 'tii6rci(1ii bo-:h soil?$ fffuitiis are i;t;\'gmcnted an,;! mature forest srruci'iife u-a!re,Rt: 
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Eey li<lmh: Ardpu,,r-grn~Ariwn;;, JJukr> ~ lbrestfuw,lhH.1tion, OlS,, ~ab:tan,;q:idaCOn, Landsat, Lmd· 
scap-i<p:itrem •. nonhcrn goshawk, pu:h imaJysil, retl-ta.lktfhawk. rernme eensin:g. 

Northern· goshawks (hereafter referred w as fr,;,gm~nted (Cmcki:r-Bedford 1990, Ke-nward 
go.shaw;,:) in North Amerirn breed in a \'alicty of 1996, Ero.Mn et al. 1998). The rel;.ti,;,nship arid 
fore;;t types, with ne$t sites typically found in as,so... habltat ~ations fo:rsympatric A~species 
;;iation '.11th -maturn Ul ~Id-growth forest-strucw (Reynolds er al. 1982, Reynolds and Me.slow 1984, 
ture; foraging and winter hahltat are ;xx;rly swdw Bosru:rn,-ski et aL 1992}, !l)'T(lpauic Buit,;1 ;;pecicS 
ied but appear to be ruoi:e dlverse and ~ot as (Schmutz c1aL I980,Ja;ie$ 1994, },\osakowSkt et 
strongly dependent on mature forest st.ructure ?J, 1996), and sy,npatric Butro and .4.tdpiter spe,,, 
(Squire. and Rt;nolds 19!>7). The US. Forest de.~ (nrus ~ Mother 1981, Scl.\s 1997, Santheb< 
Setvi,;;e deiignatcd goshawks as a ~sensitive sp"e-- Z=ata and Caivo 1999} pave been the suije;;:t of 
Gle.\~ thrnughout the species' western nmge nuffierons lnvescigatlons; ye: the· ;elatfonship and 
ba.sed on concerns rda1ed to the impact of forest h?bitar associatiOns.of synipatric red--:all:ed ltawks 
managcmi;nt practices on gosh a.wk breeding tmd· goshawks h~ not been l;l\.ldied. 
habltat The Status of goshawk p0pu1ntlons in the Our 00edivewa.<i to proV.dedescriptlve 'info:trna­
westem Uni{ed-Sutes rema1ris the :.ubject of.con- ttOt} on the.h.mitat ass.ociations of sympau:ic red-

·----------··-· , _ctrn and_~~b;ue-,(~~-medy 1~7, DeSle-funo· !99&, ~led hawks and ,&Qsba~ du~~g!L!\g-.;==..._~-_;;;;:;;;=;::,,,;. 
-~~-~===~;;;;;;smanwooa;;;_i~TN~~fed::rn.1~ sea'ID'ii.""'Welocnse'.i'l onr 1nvesri.gat1on on ~ 

i hawks are abundant. umquitow, and c;pical!y structure at nest.sites and forest fragme:ntalion ;md 
a.su,cfated with nonfot'C.'>terl areas ln \'2.rioil.s envi- the pres:imce of nonfo:re.ted ar~ around nest 
mu.menu; including: coniferous ar:.d <led.:!uous ti':~ to clarify bow t11ese specie:; ·wm be impacted 
fore;;ts (Pres;.on ~nd Beane 1993). Several l:lvesti• by forest_.altt:'rations in ·the we.stem United State>, 
garors have suggested that red-nilcil h;i:wh may 
be reploclng goshawks as forest'! are· cleared aud STUDY AREA 
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Red-,taifo:d haw!:-, and goshawks occur sympatri• 
caliy_on the Xaibab PlalUI.U in nort.b(:n:J Arizona., 
USA. Vegetation wir.h:n our ,nudy area on che 
p.latt.au consi~ted of ponderosa p\ne (11nm ptm.· 
demsa) forest between ele\"JJio11s of2,075 anti 2.:500, 
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At the midscale, red-tailed hawks displayed 
more variation overall and were associated with 
nonforested areas between 105 and 645 m of the 
nest site and steeper slopes within 105 m of the 
nest site. At the midscale, patterns documented 
within 105 m of the nest site mirrored patterns 
documented. at the fine scale, thus supporting the 
conclusion that steep slopes are an imponanc fac­
tor and forest structure is secondary at, and imme-

::~=t~.1'w1: diately surrounding, the nest site. Studies exam-
,.L _________ __::':":==:=::==J ining red-tailed hawk habitat associations have 

o., 

" """ '-""0 "''" ~.coo documented both a strong association (Mindell 
ln=riairadiu,(m) 

Fig. 4. Estimated change. in odds aod S5% confidence Inter­
vals associated wilh a 1• 1ncroase in slope withln 23 concen-­
lric ring plots (midscale) at 90.fll intervals centered on red· 
tailed hawk (n,,41) and goshawk {n= 62) iiests alld random 
sites (n., 62) on the Kaibab Plateau, Arizona, USA, !n 2000. 

age goshawk nest site contained a forested area 
centered at the nest site with small nonforested 
areas dispersed around the perimeter of the plot 
(Fig. SB). 

DISCUSSION 

and Samuel 1984, Speiser and Bosakowski 1988, 
Moorman and Chapman 1996) and no apparent 
association with nonforested areas (Titus and 
Mosher 1981). These discrepancies likely result 
from differences in forest structure and landscape 
pattern among study areas. Our results suppon 
the conclusion that .red-tailerl hawks nesting in 
forested environments are ca able of toleratin a 
broad array o orest structures and, that fra -
mente orest structure an nonforested a~ 
'appear to play a central role m these associations. 

Goshawks Were consistently associated at the 
midscale with reg10ns of cononuous for~t cen-

The associations at the fine scale can be inter- tered' at the nest site. The neg-ative association 
pr'eted b;µed on behaviors unique to the 2 spe-- with nonforested areas exu;.n~ to 645 m and 
cies. Typicaiiy, red-tailed hawks enter nesrs from was strongest within 375 m of the nest site. This 
above the canopy ~d goshawks enter nesrs from forested area corresponds to the post-fledging 
below the canopy. Researchers have argued that ramily area (PfA;,Reynolds et al. 1992) citimated 
open and unobstrncted atcess to nests from at 168 ha or a circle with a radius of 732 rn 
above the canopy is an important factor in red- (Kennedy et al. 1994). The PFA, characterized.bf] 
tailed hawk nesHite habitat selection (OriansLrnamre forest structure, is the area where ;adJtlts 
and Ruhlman 1956, Titus and Mosher 19&1, Bed- forage during tf:ie breeding season and young 
nan; am:\ Dinsmore 1982). Therefore, forest develop their hunting skill::, In addition, our 
structure below red-tailed hawk nests is sec- resulrs md.icate all assoc1auon with gentle slopes 
ondary, and features related to the nest tree and that extend to 555 m from goshaw!- nest sites. 
topography are primary. Nests located high in tall This pattern is consistent across the fine scale 
trees on steep, north-facing slopes would pre- and midscale but is not consistent with findings 
sumably allow easy access to nests, a favorable of other investigations (Squires and Reynolds 
microdimate within the nest with reduced solar 1997). The predominance of gentle terrain on 
radiation, and a dear view of the surrounding the Kaibab Plateau aitd the presence of mature 
area. In contrast, goshawk nest sites were associ- forest structure with open understories in regions 
ated with characteristics of mature forest struc- with gentle slopes might explain this pattern. 

_L==moo-~--his-result--1s-(!ollfilil'ent-witli-numcrous -~sUmmary-,-tbe-:;;p7ittems,or.;-goshawK-an0-f~- ====== ====== 
investigations doci.imenting.high canopy dosurg, tailed hawk habitat .associations were distinctly 
mature trees, and open understories at goshaw different at both the fine aitd midscale. Goshawks 

es sites eyno s e a . pe1Ser and were considerably more specialized at both scaleL 
"Bus"a!fowski 1987, Hayward and Escano 1989, and presented Consistem patterns of continuo':!:'? 
Squires and Ruggiero 1996), 1'.hese features pre-- forest stfucmre Qn !eve! terrain at both scales. 
sumablywould allow easier access to nest.'i, unhin- Red-tailed hawks presented greater variation at 
dered movement through the surrounding for- both scales, with differing central tendencies 
est, a clear view of the forest floor, and a suitable from goshawks. 111e panern at the fine scale sug­
microclimate within the nest. gested that habitat selection for red-tailed hawks 
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Red-tailed- Hawk Random Goshawk 

A 

B 

C 

FIQ.5. Classified Landsat images (10 Oct 1999; 30 x 30-m cells) of sites that represented the (A) miriimum, (Bl that most close­
ly approximated the mean, and (C) represented the maximum for£ landscape indices measured in 2,085-m radius circles (mid­
scale) centered on red-Wiled hawk (11 =41) and goshawk (11= 62) nests and rand!lm sites (11= 62) on the Kaibab Plateau, Ari­
zona, USA, In 2000. 

,;;=~==~;D,~~esistent ~~atl.e.._1!...U~~_!liat seJ~cti~~~_2.~cu~ng 
i structure, as was found at-goshawk nest sites, but e~gi'oi'isof<:oiitil'i'U75Us"""ftit~srtm--===~.,;;;;::,,,,;, 
1 with features related to nest position and access. level terrain centered at the nest site. 

Thus, selection was .OCClJ.rring primanly for the 
nest tree and its relationship to the surrounding 
·topography for red-tailed hawks and for features 
within and below the canopy for goshawks. Pat­
terns at the midscale suggested that habitat selec­

tion for red-railed hawks was based on the pres­
ence of non forested areas and fragmented forest 
structure around the nest site and steep slopes at 

the nest site. For goshawks, patterns at the mid-

MANAGEMENT IMPLICATIONS 

Our study reaffirms that the .habitat associa­

tions of goshawks during the breeding season are 
regiolially consistent within a particular environ­
ment. Th1,£ allows resovrce man;igers IQ identify] 
areas containing goshawk breeding habitat and 
de\leiop management guidelines to protect th~m 
{e.g.:-Reynolds et al. 1992). However, successfully 
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managing for a species' unique habitat require­
ments is becoming more difficult in the western 
United States due to a variety of economic, po lit• 
ical, ecological, and social pressures placed on 
forests and forest managers. An ecological factor 
that we examined is the presence of a very suc­
cessful generalist. the red-tailed hawk, which 
introduces a \'4riety of concerns for goshawk 
management One is the possibillty of competition 
for habitat or prey between the 2 species. Anoth­
er is the encroachment of red-tailed hawks into 
goshawk territories. If goshawk habitat is altered 
beyorid the range of association documented io 
our study, it could transition into red-tailed bawl: 
habitat Both fuctor.; could reduce the number 
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