
TEMPORAL PATTERNS OF NORTHERN GOSHAWK NEST AREA 
OCCUPANCY AND HABITAT: A RETROSPECTIVE ANALYSIS 

ARS-~K;\(:I'.-M'C studicrl occr~p;ulcy i111d 11abit;lt ;~ssoci;~tiotrs of ~ o r t ~ i e r ~ i  Gos~i;rt\.ks (itrci/~ilm gm11ili.x) at 
ncst arc;rs in south-ccntri~l 01-cgotl in 1992-04. s~lrvcyctl 51 pre-1992 nest areas ( i . ~ . ,  historical 
1)rceding areas first tliscovcrc.tl tluring 1973-91 ) for gosli;~tvks ;und used aeri;~l-photograph interpretation 
to d n c r ~ n i e ~ ~ t  forest cover conditiotis and changes over tili~c hettveeri ;ireas that were occupied by gos- 
hawks ancl those where dirl not tlctcct goshat\.ks (II~H-espotisc sitcs). 'i\% also sc~rveyed for new nests 
during 1992-94. Of 38 occupictl nests ftrst fourirl in 1992-94 (i.c., post-1992 ncst areas), 86% (33/38) 
were in mid-aged (mean st;uncl 1)BII 2.3-53 cm. <15 trccs/ha >53 cm DBH) or late (215  trees/ha >5R 
cm DBH; mean stand Dl31 1 >.53 em) closcd (>.50% cilnopy c h u r c )  s t r u c t ~ ~ r - ; ~ l - s t ; ~ ~  forest. Occupancy 
of historical (prc-191)2) nest ;\reas by goshatvks W;IS 29% (15/.51). Of 46 prc-199'2 nest areas that we 
exami~ietl for habitat ch;ltrgc, 15 were occ~~p ied  hy goslrawks in 1994 and had Inore mid-aged closed 
and late closed forcst in I?-. v, 52-, 120-, and 170-ha circular arcas ccntcrctl 011 nest locations than 
did 31 no-response ;u-tits. Tliel-c was no diCCc.rcncc in the ;lrnotlnt or latc closcd and mid-aged closed 
forest in pre-I902 nrst ~I.c;I.; comp;rrcd witli occupictl prc-I<)<):! nest areas. A logistic regression rnodel 
for all occ~lpied nest arcas co~ifirmed that lale closed ;inel mid-aged closed forcst variables were impor- 
tant indicators of forest c-o~~ditiotis that supported breetling pairs. C;osha\\.ks were tnorc likely to persist 
in the historical nest areas that had ; r h o ~ ~ t  50%- of nlature zuid older closcdcanopy forest within the 52- 
ha scale. We recornmenel retaining existing late closctl, late open, and mid closed structure within 52- 
ha scale of the nest site. ;\lorcover, latc closed and mirl closccl struetiire combined shoilld not fall helow 
50% within thc 52-ha scale ; I I I ~ ~  shor~ld exceed 40%, within the 170-ha scale surrounding the ncst site. 
TO optimize conditions li)r hrcctling goshawks. \vc rcconimcnd re ts in i~~g large trees (>53 cm DRH) to 
help preserve stanrl i~itc.grirv, rrr;litrti~in closccl c;unopics, artd p~.ovitle connectivity to alternative ncst sitcs 
tvitlii~i ncst areas. 

R E s ~ ~ ~ r t ~ . ~ . - l < s t ~ ~ c I i a r n o s  I;I ocup;tcii)l~ y ]as asoci;tcioncs tle hil,itat de Arripilm- gmli1i.r en Ireas de nidifi- 
caci6ti tlcl ccnrresur tlr 01-ezo11 c,rltrc 1992 y 19I11. Truml1ii.11 censatnos I5 irc;ls rlc cria hist6rici1s 
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esta cspccic y ircas en 1;1s quc n o  la cletecr;unos (sitios sin rcspt~csta). Tarnhien r.ealiz;rmos censos para 
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199.1 (i.c:. ~iidific;~cih~i 1)osr-I!)5)2), el 86% (33/3S) sc c1ico11tr0 tn hosquc tlc succsi6n 11lc.tlia (protiicdio 
de DAP 23-53 ern, < 15 51-holcs/l~;r >53 cm D;\P) o I,osq~lcs crrrados antiguos (2  15 ;it.boles/ha >53 
r m  DAP; pro~ncclio dc  l).-\I' >53 cm: >50% de col)crtu~;~ tlcl dosel). 1.a ocupaci0tl tlc Izts Areas dc  
~litlilicacihn hist6ricas (prc-19112) por p;trte de A. ~ r n / i l i . s  file tlcl 29% (I5/.5l). Dc 46 sitios de  cria prc- 
1992 p;11.;1 Ios ct~;~lcs e\;ili~arnos lor c;~mbios en el l i i l ~ i ~ ; ~ t ,  1.7 cst~~vicron ocupados rn  1994 y presentaron 
I ~ ~ ; I V O I -  c;uititl;~tl rlc boscluc.s (.cI.I.;I(Ios dc  cdad n~et l i ;~  y l,osques anrig~ros en irc;rs rircul;ires de 12. 24, 
.52. 120 y 170 Iia ccntr-atli~s C I I  sirios en donrlc sc ul,ic;rl);r~i nitlos, quc 31 sitios sin rcspucsta. No csisti6 
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1 diferencia en la cantidad de bosques cerrados de  edad media y bosqaes an t ip~os  crltre Areas de  rlidi- 
ficaci6n pre-I992 en comparaci6n con las 6reas ocupadas pre-1992. Un modelo de regresiBn logistics 
que incluy6 todas las dreas de nidificaci6n ocupadas confirm6 que las variables de 10s bosqtles ccrrados 
de edad media y sucesi6n tardia fueron indicadoras importantes de las condiciones del bosque p~.opicias 
para las parejas reproductivas. Las aves presentaron mayor probabilidad de persistir en las Areas dc 
nidificaci6n hist6rica que presentaban aproximadamente el 50% de  bosques maduros antigi~os de dose1 
cerrado a la escala de 52 ha. Recomendamos mantener la estructura de bosques antiguos cerrados 1, 
abiertos y bosques de edad media cerrados en las 52 ha circundantes a 10s sitios de nidificaci6n. Ade~nAs. 
la estructura combinada de bosques cerrados antiguos y de edad media no debe caer por debajo del 
50% a la escala de 52 ha y no debe exceder el 40% en la escala de las 170 ha circundantes a 10s sitios 
de nidificaci6n. Para optimizar las condiciones para la nidificaci6n de A. genlilis, recomendamos man- 
tener grboles grandes (>53 cm DAP) para ayudar a preservar la integridad de 10s bosques, mantener 
doseles cerrados y proveer conectividad entre sitios de  nidificaci6n alternatives ubicados en las mismas 
dreas de cria. 

[Traduccibn dcl equipo editorial] 

' The ability of breeding pairs of Northern Gos- torical n&t areas, and (3) compare 1994 forest 
hawks (Accipitergalilis; hereafter, goshawks) to per- cover between historical nest areas that were oc- 

i sist in intensively managed and selectively harvest- cupied by goshawks between 1992 and 1994 to - 

: ed forests over time is largely unkliown. Evidence those historical nest areas where presence of gos- 

i suggests tree harvest impacts nest site selection 
' (Crocker-Bedford 1990, Penteriani and Faivre 
I 2001), use (Woodbridge and Detrich 1994), and 
1 ultimately nesting persistence (Cracker-Bedford 
/ 1995). Penteriani and Faivre (2001) examined log- 
; ging disturbance and habitat change over a limited 
' time (6-11 yr) in a European shelterwood harvest 
' 

regime, but the effects of habitat alteration in west- 
, ern North American Corests are not fully under- 

stood. Mature forest, consisting of large trees (di- 
ameter at breast height [DBH] >50 cm) and 
closed canopy cover (>50%), was demonstrated to 
be preferred by breeding goshawks for nest sites in 

I western North America (e.g., Hayward and Escano 
1 1989, Bull and Hohmann 1994, Squires and Rug- 
,! giero 1996, Daw and DeStefano 2001, McGrath et 

al. 2003). 
There has been concern and debate that gos- 

hawk populations in wester; North America may 
' )  b e d i h g  in response to habitat alteration and 
, loss of these forests (Kennedy 1997, DeStefano 

1998, Smallwood 1998, Crocker-Bedford 1998). Us- 
ing aerial photographic records of timber harvest 

I areas (Reutebuch and Gall 1990) on the Fremont 
i National Forest and adjacent private forest lands 
1 dating from 1969-92, we evaluated temporal 
I 
I changes to forest structure around goshawk nests 
I during 1992-94. Our objectives were to: (1) deter- 
'' mine if a random sample of historical goshawk nest 

areas (i.e., nests first found in 1973-91) were oc- 
cupied in 1994, (2) document post-1992 forest con- / ditions and quantify change in forest cover on his- 

hawks was not detected. 

Research took place on the Fremont National Forest 
(FNF) and the Klamath Tree Farm of the Weyerhaeuser 
Company in south-central Oregon, encompassing >5000 
km2. Elevations ranged from 1200-2200 m. Ponderosa 
pine (Pinus ponderosa), white fir (Abies concolor), and lod- 
gepole pine (I? conforfa) were the dominant commercial 
tree species. Generally, large expanses of lodgepole pine 
interspersed with small stands of pure ponderosa pine 
on higher ground dominated the northern half of the 
study area; dry mixedconifer stands (white fir, incense 
cedar [Libomdnts decurrm], ponderosa pine, and sugar 
pine [ R  lambmfiana]) dominated the southern half of the 
study area. Douglas-fir (PsatdoLsuga menzit-siz) was rarely 
encountered or absent, and most adjacent private lands 
had extensive ponderosa pine plantations. Natural forest 
openings consisted of xeric rocky flats, which contained 
sagebrush (Artemisin spp.) and bitterbrush (hrshia  frida- 
tala) near ponderosa pine and mixed-conifer stands, and 
moist meadows, which were typically associated with lod- 
gepole pine and had a vegetative cover of sedges (Cnr~x 
spp.), sagebrush, and willow (Salix spp.) next to peren- 
nial streams or springs. The landscape was a mosaic of 
forest cover types, containing two large burned areas 
from the 1950s and 1992, natural openings, and human- 
created openings. Dominant silvicultural practices on 
Forest Service lands were partial harvest, selective remov 
al, and shelterwood treatments in mixed-conifer and 
ponderosa pine. A l  forest management terms used in 
this paper follow Helms (1998). Regeneration (clearcut) 
harvest was more typical in lodgepole pine habitat, al- 
though observational data and Forest Service records 
(Fremont National Forest Supervisor's Office, Lakeview, 
OR U.S.A.) documented that regeneration harvest oc- 
curred in mixed conifer and mature ponderosa pine 
types. Private land management was dominated by mostly 
early sera1 and some mid-sera1 plantations of I? pondmosa 



312 DESIMONE AND DESI-EI;,'\NO VOL. 39, NO. ,? 

in largc clearcuts or past overstory removal with few scat- 
tered largc seed trees. Forest Service management, reg- 
ulated timber harvest and aggressive fire suppression 
dates back >50 yr; selective railroatl logging took placc 
arountl 1920 (Hopkins 1979, L;audc~lslayer et al. 1989). 
Regional historical accounts stare that ponderosa pine 
stands were typically composed of largc trces with a mean 
I)BH of 40-70 cm and basal area (BA) ranging from 13 
to 2.7 1 n 7 h a  ((Mulger 1917), stands rarely encountered 
in managed forests during our study. 

We defined nrs/ sifeas the tree containing the occupied 
nest or the mapped location of the historically occupied 
nests and 5 1  ha around the location. A nest area for this 
study was the area that we surveyecl out to 1000 m (about 
300 ha),  centered on a nest site. We defined post-1992 
nest areas as occupied (breeding) nest areas first discov- 
ered during our study, which was conducted during 
1992-94. Historical nest areas were defined as pre-1992 
nest areas if they were first discovered occupied 1973-91 
by Forest Service o r  M'eyerhaeuser personnel, o r  other 
researchers. Occupied nest areas were areas we surveyed 
cluring 1992-94, wherc at least one adult goshawk was 
present or actively nesting. For purposes of habitat- 
change comparisons in 1994, occupied nest areas were a 
subset of the historical pre-1992 nest areas that were 
found occupied in 1994. No-response areas were a subset 
of pre-1992 nest areas surveyed in 1994 that had no de- 
tections. 

Goshawk Nest Area Occupancy Surveys. We compiled 
a list of historical goshawk nest area locations from orig- 
inal data collectetl hy Reynolds (1975, 1978), V.S. Forest 
Service (unpublished data, Frcmont National Forest, 
I,akcvicw. OR U.S.A.), and M'eyerhacuscr Company (un- 
published data, Klamath Tree Farm. Klarnath Falls, OR 
U.S.A.) antl cvaluatecl each dataset I,ased on quality of 
docunle~~t;ttion (e.g.. written reports, lcgal and area de- 
scl-iptions, mapped locations), observcl- reliability (e.g.. 
biologist or cxpcricnced observer), ant1 nu~nber  of years 
the nest area was docr~~ncnted as occupied. Nest recorcls 
were included if' there was adequate documentation of a 
goshawk attending a nest structure, incubating, or if 
fledglings or nestlings were present at the nest site. L.o- 
cations meeting the above criteria were mapped, and for- 
est cover typc was validated by aerial photograph o r  field 
examination befor? surveys~cornmcnccd. ll'e stratified 
sites into m e  of three forest cover types: dry mixed-co- 
nscr, ponderosa pine (<20% other tree species), and 
lodgepole pinc (<20% other tree species). 

We broadcast conspecific vocalizations to elicit respons- 
es from nesting goshawks o r  fledglings from latr May to 
early August 199'2-94 (Kennedy and Stahlecker 1993, Joy 
et al. 1994). Surveys were centered on the last known 
occupied historical nest location, with at least 05-40 call- 
ing stations per survey area (see below), spaced 320 m 
apart and staggerecl on adjacent and parallel transect 
belts. To ensure coverage of potential nest areas, we es- 
amined the litel-aturc for estimates of inter-nest distances 
I)ctwecn ;~ltvr.t~ativc nest sites (273 m in the Klamath NF, 
<:aliforni:l [~I1ootlh~.itlge and Dctrich 19941; 266 m [Reyn- 
c)l~ls eL ;\I. 19941. ;tr~tl '189 m [Kcynoltls and.Joy 19981 in 
h izona;  allti 43'L m in Utah [Dewey ct  al. 2003]), sizes 

of post-fledging family areas (PFA; ca. 168 ha, Kennedy 
et al. 1994), and the effective auditory range of the mega- 
phone (2150 m; Joy et al. 1994; S. Desimone unpuhl. 
data). Based on this information, we established our sur- 
vey area size as a circle with an approximate 1000-rn ra- 
dius centered around the nest location (ca. 40 stations). 
This resulted in a search area of about 300 ha, nearly 
twice the area of mean PFA size reported by Kennedy et 
al. (1994). If a response was detected, we immediately 
searchccl the vicinity for an occupied nest. For those sur- 
veyed areas where there were no detections during the 
ncs t l iu~ period (first survey), we resurveyed the area at 
least once in July-August during the fledgling period US- 

ing the same stations so that each "no-response" area was 
visited and surveyed at least twice in a season. We also 
conducted systematic and opportunistic searches (Dc- 
Stefano et al. 1994a. Daw et al. 1998) for new goshawk 
nests (i.e., post-1992) during May-August 1992-94. When 
surveying a known occupied nest area from the previous 
survey season (i.e., 1992 or 1993), we used multiple o b  
servrrs to conduct a silent search at the last known oc- 
cupied site to minimize disturbance. If there were no de- 
tections, we extended the search pattern by radiating out 
from the nest tree while using a combination of inter- 
mittent taped broadcast calls near the nest and regularly 
spacetl calling stations. These areas had the same level of 
survey effort as the systematic searches: about 300 ha 
around the last known occupied nest. 

Vegetation Sampling. We used 1 : 12 000 and 1: 15 800 
scale aerial photographs to describe and classify historical 
( 1969-91) forest vegetation conditions and post-1992 
conditions, obtained from the U.S. Forest Service and 
M'eyerhaeuser Company for years 1969, 1972, 1976, 1978, 
1!)80. 1983, 1988, and 1992 (the most recent available) 
for reference stands. Harvest inventory data from the 
Frrrnont Sational Forest were ~ ~ s c d  to update 1988 and 
I!)!)? phoros to 1994 conditioris. 

\Ye used a 3X Dietzgcn stereoscope to delineate cover 
in an I 1  %, random sample (25 of 227) of reference stand 
polygons represcnting the range of forest conditions atid 
h;~l,itats on the 1992 photographs. The variable-plot veg- 
ctation sampling method (Bell ancl Dilworth 1988) was 
used to verify the condition of these reference polygons 
on  the ground. We sampled 7-1 1 plots (i = 8.1 plots/ 
referrnce polygon, SI) = 1.8). 160 m apart, on a transect 
locatccl through the longest axis of the habitat polygon 
or in parallel transrcts if the polygon was >300 rn wide. 
Plots were measured for basal area (BA) using a 20-factor 
(ft2/acre, later converted to m2/ha) wedge prism at plot 
centet- to sort trees into diameter classes. M'e recordcd 
DI<H for all count trees by combining plot5 within a stand 
to clctcrmine trees/ha (TPH) and BA for each forest 
structure class. The stem count per sample point multi- 
pliecl 1))' the BA factor equaled the total BA occupied by 
tree stenls on a per ha basis (Bell and Dilworth 1988). 
Wc- followed the U.S. Forest Service Region 6 Vegetation 
Structural Stage (VSS) guidelines for general forest covcl- 
type descriptions in eastern Oregon (U.S. Department of 
.4griculture 1994). 

Mi. used n\.o non-forest catcgorics (open wet [moist 
~neatlows] and open dry [xeric flars]) and four forest 
structure categories (late, mid-age, early, very-early), 
co~nbined with nvo canopy closure classes (550% or 



Table 1. Forest structure classification for aerial photograph interpretation on the Fremont National Forest and 
adjacent private lands in Oregon U.S.A., based on rncan tree diameter at breast height (DBH), mean canopy closure, 
and trees per ha (TPH) 2 5 3  cm DBH (USDA 1994). Very early stage was forest regeneration or clearcut. 

CANOPY CLOSURE 
F O R E . ~  STRUCNRE DBH (cm) (%) TPH 2 5 3  cm 

Late closed >53 >50 2 1 5  
Late open >53 5 5 0  2 1 5  
Mid-aged closed 23-53 >.iO <15 
Mid-aged open 23-53 1 5 0  <15 
Early closed 12-23 >50 none 
Early open 12-23 5 5 0  none _. I 
Very early 5 1 2  <50 none 

>50%), to identify and delineate vegetative cover on ae- 
rial photographs. Stands were then typed into forest veg- 
etative cover classes based on tom1 BA of trees per di- 
ameter class and TPH >53 cm (Table 1). We defined 
canopy closure as the amount of sky obscured by tree 
foliage and branches as measured by a Lemmon spheri- 
cal densitometer (Vales and Bunnell 1985). Canopy mra- 
surements were taken 5 m from plot center in four car- 
clinal directions, averaged, and mean percent canopy 
closure was calculated from all plots for the polygon. 

Following reference plot validation, all remaining h a b  
itat on photographs within a 170-ha circle around nest 
locations was delineated into vegetative cover polygons 
based on the validated reference plots and =signed veg- 
etation structure categories. When 1994 photoglaphs 
were not available, the 1994 Fremont National Forest 
Harvest Inventory (U.S. Forest Service, Fremont NF, 
Lakeview, OR U.S.A.) was used to update the habitat con- 
dition. A 19% ( N  = 102) random sample of polygons ( N  
= 546), stratified by general forest cover type. was 
ground-verified using the same variable-plot sampling 
method outlined for reference stands. We assessed stand- 
typing accuracy by constructing an error matrix to deter- 
mine the accuracy of our photograph interpretation (De- 
simone 1997). 

To delineate historical forest conditions, we used U.S. 
Forest Service and Weyerhaeuser Company aerial p l i e  
tographs (1:12 000, 1:15 800, and 1:24 000 scales) that 

represented stancl conditions present in the year of the 
last known occupied nest. We extrapolated our reference 
set results to type stands into vegetative structure classes 
on the remaining historical photographs. All completed 
polygons were transferred to 1:24 000 scale U.S. Geolog- 
ical Survey (USGS) quadmngle maps r~sing a zoom trans- 
fer scope (Bausch and Lomb Corporation, Rochester, NY 
U.S.A.) and digitizecl into a Geographic Information Sys 
rem, where area was calculated for each habitat polygon. 
Annual Variation in Occupancy. We estimated annual 

variation in occupancy by resident pairs of western North 
American goshawks by examining data from five other 
study areas (Table 2).  We then compared the mean an- 
nual occupancy rates of goshawks from these five study 
areas to our findings for post-1992 nest areas and pre- 
1992 (historical) nest areas assessed in 1994. Annual oc- 
cupancy was defined as the mean (SE) annual percent 
of occupied areas. We assumed (1) territory occupancy 
was determined using similar survey techniques with 
equal effort (Joy et al. 1994, Reynolds et  al. 19'94, Wood- 
bridge and Detrich 1994, Kennedy 1997) and (2) little 
or  n o  major stand aisturbance or  habitat alteration OC- 
curred within territories since discovery (S. Dewey, P. 
Kennedy, R. Reynolds, and B. Woodbridge pers. comm.). 
An occupied territory was defined by all researchers as 
2 1  adult goshawk present in or  near the nest on 2 2  
separate occasions during the breeding season and in- 

Table 2. Mean occupancy rates of Northern Goshawk nest areas (NA) among six concurrent studies in the western 
US.. including occupied nest areas found on the Fremont National Forest (NF) and adjacent private lands 1992-94, 
Oregon, U.S.A. (this study). Occupancy is defined as a territory used rcgularly by a t  least one adult gosh;~wk dllring 
the breeding season. The first year a nest was discovered is not included in the calculations. 

STUDY AREA SOURCE NA MEAN SE Wm$" 

Kaibab NF, AZ R.T. Reynolds pers. comm. 32 0.72 0.05 4-5 
New Mexico Kennedy 1997 22 0.74 0.07 4-1 1 
Klamath NF, CA Woodbridge and Detrich 1994 26 0.74 0.01 -5-9 
Utah Kennedy 1997 26 0.75 0.06 4-7 
Malheur NF, OR S.K. Daw pers. comm. 33 0.66 0.02 2-4 
Fremont NF, OR This study 20 0.79 0.04 2 - 
" Number of  years of  occupancy data for known nests in rhc srudy area 



cluded pairs attempting to nest (Reynolds et  al. 1994, 
M'oodbridge and Detrich 1994, Kennedy 1997). 

Habitat Change Analysis. Using nest tree locations as 
nert area centers, we established five different radius cat- 
egories of 12, 24, 52, 120, and 170 ha. These areas had 
biological or managerial significance: 12 ha was recom- 
mended a5 a minimum nest area size for goshawks (Reyn- 
oltls 1983, Reynolds et al. 1992); 24 ha was the size of 
gorhawk habitat areas designated on the Fremont NF to 
protect nesting stands (U.S. Department of Agriculture 
[USDA] 1989); 52 ha was about the mean size of the ag- 
gregate of alternative nest arear associated with the pri- 
mary nest area of goshawks nesting in the KIamath NF in 
northern CA (M'oodbridge and Detrich 1994); 120 ha was 
[he area of old-growth habitat allocated for management 
of Pileated Woodpeckers (Dryocopus pilentus) on the Fre- 
mont NF (USDA 1989); and 170 ha was the size of the 
goshawk PFA (Reynolds et al. 1992. Kennedy et  al. 1994). 

We conducted comparisons at both "disk" (12, 24, 52, 
120, and 170 ha) and "ring" (the area between the 12- 
24, 24-52, 52-120, and 120-170 ha disks) scales. Disks 
represent cumulative effects as scale increases, since 
smaller disks arc included within the larger disks. Rings 
were tested individually so that influence of inner disks 
was removed (Ramsey et  al. 1994, McGrath et  al. 2003). 

We examined how forest structure around historical 
nest sites changed over time by calculating the % change 
for each vegetation cover (forest and non-forest) variable 
(equation 1): 

\\,here Area,,, is the area of a cover category for 1994, 
and ilrenHls,,,,, is the area of the same cover category in 
the year the site was last known to be occupied. This 
calculation was made for each of the paired sites for all 
scales of disks and rings. M'c used M'ilcoxon signcd-rank 
test for paired comparisons to test for changes in forest 
rover between pre-1992 and post-1992 conditions ancl 
Kruskal-Wallis one-way analysis of variance by ranks fol- 
lowecl by multiple comparison tests for least significant 
difference (LSD) to test tbr differences in forest cover 
among pre-1992, pre-1992 occupied, and pre-1992 no- 
response nest areas (Conover 1980; JMP Statistical Soft- 
ware version 3.1, SAS Institute. Cary, North Carolina. 
L'.S.A). 
Logistic Regression Model. We wanted to know the 

likeljhoodcof predicting the suitability of historical nest 
&&as by considering the amount of area of each vegeta- 
tion structure category (forest and non-forest) around 
occupied and no-response sites. Thus, we constructed a 
logistic regression model (Hosmer and Lemeshow 1989, 
hmsey  et  al. 1994) using the binary response variable of 
occupied ( Y  = 1) or no-response ( Y  = 0) by goshawks 
in a historical nest area in 1994. The importance of a 
particular habitat variable was determined by a stepwise 
analysis (PROC LOGISTIC; SAS Institute, Inc., 1992). 
The alpha for entry level (fi) of the variable to be con- 
sidered for the model was 0.15 because we wanted to 
detect possible trends in the event of a nonsignificant P- 
val~ie. Models were run for each of the five disks and four 
r ing.  The fill1 model included all explanatory habitat 
variables (equation 2): 

where Bo is constant, and B, through B, are the coeffi- 
cients. The model was run in log2t P(1) mode (stepwise 
descending) to calculate odds ratios for significant vari- 
a b l e ( ~ )  aGociated with a nest area being occupied (i.e., 
Y = 1). Interaction terms were evaluated in the final 
model. 

Nest Area Surveys. During 1992-94, we found 38 
occupied goshawk nest areas (15 pre-1992 and 23 
post-1992) that composed our sample of nests for 
vegetation analysis. Of the 51 pre-1992 nest areas 
we reexamined, 10 had evidence of nesting and 
five more had goshawks present, for a total of 15 
historical occupied nest areas. Twelve of the 15 oc- 
cupied nest areas were contained wholly on Forest 
Service ownel-ship, two were on Weyerhaeuser 
land, and one !\.as mixed ownership. Of 36 no-re- 
sponse areas. 23 were on Forest Service, 11 on Wey- 
erhaeuser, and two were mixed ownership. We re- 
moved five nests from the historical sample for our 
vegetation analysis because of inadequate photo- 
graphic records. Therefore, of the remaining 46 
pre-1992 nest areas surveyed to protocol, 15 were 
occupied, and 31 were no-response areas. Number 
of nestlings per nest was similar for pre-1992 areas 
occupied in 1994 and post-1992 nests (1.5 + 1.2 
[N = 101 and 1.4 ? 1.0 [N  = 181 young/nest, re- 
spectively). 

Annual Variation in Territory Occupancy. Of 38 
occupied nest areas, we were able to consistently 
survey 20 for at least two seasons from 1992-94; 
these had a mean annual occupancy rate of 79% 
(SE = 4; Table 2). This was similar to the mean 
annual occupancy rates from five other concurrent 
studies in the western U.S. (73%, SE = 2, for Ari- 
zona, California, New Mexico, Utah, and Oregon; 
Table 2). Occupancy of all historical (pre-1992) 
nest areas surveyed in 1994 was 29% (15/51), 
which was significantly different from the occupan- 
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1 
f cy rate for post-1992 areas ( x 2  = 12.4, 1 df, P = ,, Late Closed 

1 0.0004) and substantially lower than reported in r 
1 *I the literature (Table 2). 

For post-1992 nest areas, mean inter-alternative 
j nest distance was 245 m (SE = 48, N = 23; no data 25 

for private lands). This was comparable to the in- 20 

ter-alternative nest distances reported in the liter- ,, 
:, ature (Reynolds et al. 1994, Woodbridge and De- 

lo 
r trich 1994, Dewey et al. 2003). 

/ Habitat Typing. Overall typing accuracy based 
! on ground verification of reference polygons was o - 

Mid-age and late categories were 80-90% for 
ence polygons (Desimone 1997); we thought 35 - Earlyopen 

lvas an acceptable rate to proceed with the ; 30 ,...., sis (Lillesand and Kiefer 1994). Our highest 
,\ classification accuracies were for dry open and wet 
:; open non-forest categories (100% each) from ref- 2 
:I erence polygons, followed by late open and late $ l 5  - 
I closed forest structure (90% eachh mid-aged open 5 10 - 

P 
(84%), and mid-aged closed forest (80%). Early 5 - f 
open and early closed forest structure was least ac- o 
curately classified(67% and 69%, respectively). 

Forest Cover Distribution. For post-1992 nest ar- 12 - vev ~~~l~ 
eas, 25 of 42 (60%) occupied nest trees were within 10 - 
late closed forest structure, and 11 of 42 (26%) 

-e in mid-aged closed structure. Distribution of 
it-1992 and pre-1992 nest sites was similar 
ong the three forest cover types: 56% versus 
% in mixed conifer, 24% versus 28% in lodge- 2 - 

0 
f 

pole pine, and 20% versus 25% in ponderosa pine, 
respectively. 12 24 52 120 170 

1 Habitat Change Analysis. Mean percent change Scale (ha) 
I of the seven forest-sLructure categories (Table Figure 1. Mean (SE) area of late closed, early open, and I pre-lg92 nest areas over time occurred in all very early strt~c~ural stages among 5 circular analysis i 
1 scales (i.e., five disks and four rings) (see Desi- scales surrounding 46 historical (pre-1992; first discov- 
Q mone 1997: Tables 11 and 12 for details). For disks, ered during 1973-91) goshawk nest sites in south-central 
, the largest increases were in the amounts for very- Oregon, U.S.A.; 15 were occupied by goshawks and 31 

: early (642%, SE '= 93%) apd early open (238%. had no evidence of occupancy in 1994. See text and Ta- 

, SE = 17%) categories.   he largest decreases over ble 1 for further description of forest structure catege 

1 tpm-WrTin the late open (-54%, SE = 3%), late ries. 

1 closed (-49%, SE = I%) ,  and mid closed'(-30%, 
SE = 3%) categories. The magnitude of i h e  per- 

I. 
,I 

cent change decreased with increasing scale; for resented most confidence in correctly classifying 
1 example, increase in very-early cover went from habitat types, and therefore most confidence in de- 
\ 742% to 640% to 435% at  12-, 52-, and 170-ha disk tecting a decrease in area of highest suitable h a b  
1 scales, respectively, while decreases in late open itat (late closed) and an increase in area of known 

( cover went from -58% to -56% to -47% for 12-, non-nesting habitat (early open and very early). 
1 52- and 170-ha scales, respectively. Similar results For the 12-, 2 4  and 52-ha scales, mean percent late 
! were noted for rings, although at lower magni- closed forest at all occupied nest areas in 1994 re- 
1 'tudes. mained nearly the same as at  pre-1992 areas (i.e., 

, In Figure 1, we presented late closed, early open, no significant difference). However, mean percent 

1 and very-early structural stages because they r e p  late closed forest at no-response areas was about 
: , 

315 

Occupied 
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Very Early Early Open Mld-age Late Open Late Closed Mid Closed 
Closed + Late 

Closed 

Forest Structural Stage 

Figure 2. Mean (SE) distrih~rtion of forest structural 
stage categories (plus a combination of mid-aged and late 
closed canopy forest) at 12-, .52-. ;lntl 170-ha scales sur- 
rounding 46 historical (pre-1992-first disco\.cred during 
1973-91) goshawk nest sites in sot~th-ccrltral Oregon. 
U.S.A.: I5 were occupied bv ~oslinr\.ks and  31 had no 
evidence of occupancy in 1994. I\(. omirretl the 52- and 
120-ha data because results were si~nilal-. See text and Ta- 
ble 1 for f~rrthcr- description of forrst strucmrre catego- 
ries. Difference in grouped means asscsscd by Kruskal- 
\Vallis test (a = 0.05). Within each group, Fisher's rest of 
least significant difference for multiple comparisons was 
used; pairs within cach forest struculrr staxe not signifi- 
cantly different shar-e common letters. 

* 
.* 

one-fourth to one-fifth the amount of late closed 
at pre-1992 and occupied pre-1992 areas (Fig. 1) .  
With increasing scale, the mean proportion of ear- 
ly open structure at neresponse nest areas was 4- 
5 times greater than pre-1992 nest areas, and over 
twice that ofoccr~pied pre-1992 arras (Fig. 1). The  
mean proportion of very early stage increased with 
increasing scale and was 4-6 times greater at 12-, 
2 4  and 52-ha scales for no-response areas than pre- 
1992 and occupied pre-1992 areas (Fig. 1) .  For 
120- and 170-ha scales, mean proportion of very 
early was about half that in occupied compared to 

no-response areas; pre-1992 arcas had about 1/81" 
that of no-response areas. 

No-response areas ( N  = 31) showed significant 
changes in the general distribution of forest struc- 
ture compared to all pre-1992 areas and also dif- 
fered significantly from occupied pre-1992 arc;ls 
for 12-, 52- and 170-ha disk scales (Kruskal-\4:;illis 
test, all P < 0.0454; Fig. 2). Histograms for 2 4  ant1 
120-ha scales were not presented, as patterns in rc- 
st~lts were similar but intermediate in values he- 
tween their adjacent scales. Mean proportion of' 
area was significantly different for late closed for- 
est, mid-aged closed forest, early open forest, and 
very early among pre-1992, occupied pre-1992, and 
no-response areas (LSD for pairs of means, P < 
0.05). The greatest single change in a category $\.as 
in the mean amount of late closed forest in pre- 
1992 (?  = 22-27% among all disk scales) and no- 
response areas (?  = 6-8%, all disks; Kruskal-M'allis, 
P < 0.0003). 

4 t  the 52-ha scale, the mean percent area of late 
closed forest (20%) for occupied pre-1992 arcas 
remained similar to historical pre-1992 areas (24%; 
Fig. 2). Less than half of the mean area of mid- 
aged closed forest that once existed in pre-1992 
areas (25%) occurred in no-response areas (12%). 
This corresponded with an increase in mean per- 
cent mid-aged open forest in no-response (24%) 
conipared to the occupied pre-1992 areas (1.504.). 
In no-response areas, mean percent area of cat-]\, 
open canopy forest was >4 times the histol-ical 
mean (IX-e-1992) amount, and more than nvicr 
that of occupied pre-1992 areas (LSD test of 
means, P < 0.05). Very early mean percent area 
was significantly greater in no-response than oc- 
cupied pre-1992 areas (LSD test of means, P < 
0.03; Fig. 2). We point out comparisons at the 52- 
ha scale because it represents, in theory, the ;ig- 
gregate of alternative nest sites for a nesting ar-r;i, 
and the persistence of goshawk use or occtipanc!. 
appears to be correlated with higher amounrs of 
mature forest at about this scale (Woodbridge and 
Detrich 1994). 

Logistic Regression Model o f  Forest Structure 
Association. For post-1992 occupied nest arcxs, 
both late and mid-aged closed variables were as- 
sociated with the 52-ha disk model (drop in Dcvi- 
ance x 2  = 9.5; 1 df; P < 0.01) and the 24-52 h;t 
ring model (drop in Deviance x2 = 20.7; 1 dl'; f'< 
0.01), as described by the reduced mociel (Eq11a- 
tion 3): 



I 
i Table 3. Results of stepwise logistic regression analysis for occupied ( Y  = 1 )  goshawk nest arcas (A' = 15), Frcmo~~t  

National Forest and adjacent private lands, Oregon, U.S.A., 1994. Stepwise entry level vvas at a = 0.15. Scalcs emanate / from territory centers; ring sire is the area between twv concentric disk areas. Parameter cstimato ;(re nnnlral log 
I (In) of odds ratios. Thc interaction tcrm (latc closecl X mid-aged closed) was not significant (I-' = 0.23). 
I 

I 
95% 

001)s (:ost:tr)t<xc:t< 1 D m  S17.F." P~RAL~F.TF.R RATIO [S~I~I<R\~,\I,  01: 

\'AK~:\HI.I:. ES~IW\TF: SE \4\\l .D x2 P-\I,\I.UE EsT~~I,\TI- Ol)r)~ R\-I.Io 

1 Intercept -83.9333 24.4576 1 1.7771 0.0006 - - 
Late 0.4771 0.1650 8.3594 0.0038 1.61 1 0.1537-0.800.5 

closed ( 1.166-2.227) 
1 Mid-aged 0.3344 0.1 157 8.3554 0.0038 1.397 0.10760.5612 
i closed (1.114-1.753) 
f 24 Intercept -46.5816 13.664 1 1.6205 0.0007 - - 

I Late 0.080+0.45 16 1 closed 0.2660 0.0947 7.88.50 0.005 1.305 (1.084-1.571) 

i Mid-aged 0.0522-0.2936 
closed 0.1729 0.0616 7.8829 0.005 1.189 (1.054-1.341) 

i 
1 52 Intercept -21.9709 6.3879 11.8290 0.0006 - - 

Late 0.1131 0.040 1 7.9426 0.0048 1.120 0.0345-0.1917 

1 closed (1.035-1.211) 

1 Mid-aged 0.0818 0.0307 7.1046 0.0077 1.085 0.021CA. 1420 
closed ( 1.022-1.155) 

RING  SIZE^ 
(ha) 

7 12-24 Intercept -85.3932 25.1893 1 1.4925 0.0007 - - 

? Late 0.5126 0.1798 8.1303 0.0044 1.670 0.21094.9366 

1 closctl ( 1.235-2.55 1 ) 

1 blitl-;lgerl 0.317.5 0.1215 6.8264 0.009 1.374 0.09840.591 3 
i closed (1.10.3-1.806) 

24-52 Intercept -33.9116 10.7673 9.9193 0.0016 - - 
Latc 0.1754 0.0C,S 1 6.4489 0.0111 1.192 0.0533-0.3301 

1 closed ( 1.0.5.5-1.39 1 )  
hlicl-aged 0.1423 0.0579 6.0437 0.0140 1.153 0.037G0.2719 

I closed (1.038-1.313) 
I 

I " Forest structure classes wrl-c 111)1 significan~ly associatcd ~ v i r l i  the 120- and 170-ha disk scales. 
"Forest structure cl;tsses were not significantly asso-kited witll the 52-120 and 120-170 ring scales. 

@t_( l )  = B ,  + Jr.flate closed) 

i -.-* + B2 (mid-aged closed), ' There was a strong association between nest area 
1 occupancy and  both late closed and  mid-aged 
I closed forest a t  the 12, 24, a n d  52  h a  scales (Table 

1 3). At the 12-ha nest area scale, the odds that a site 
:( was occupied increased by 61% (odds ratio 1.61) 

i for each unit (1 ha) incre'ase of late closed forest 
habitat, while holding the mid-aged closed forest 

i variable constant. For each unit increase of mid- 
; , aged  closed forest habitat, the odds that a site was 

occupied increased by 37% (odds ratio 1.37), while 
: holding the law closed forest variable constant. 
2 

T h e  reduced model was also significant for the 
12-24 a n d  24-52 ha rings. T h e  stepwise descend- 
ing model procedure did no t  yield a significant 
model for any variables associatcd with occupied 
sites for 120 o r  I70 ha disks, 01- for 52-120 ancl 
120-170 ha rings. T h e  interaction term (Lnlc closcd 
X mid-ag~d closcd) of the reduced rnoclel for disks 
was n o t  significant ( x 2  = 43.1; 1 d c  P = 0.23). 

Not all goshawk territories may be  occupied in 
all years (Detrich and  MToodbridge 1994, Reynolds 
e t  al. 1994), a n d  even in the absence of human- 
caused habitat alteration, some territories can be  
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c~sl)cctc(l 10 l)c lost tluc to 11;1trtr;11 (e.g., stantl sc- 
Ilc.sccllce, tlisc~:~sc. lire) cli;tnges i l l  ~ I I Y  forest over 
I ~ I I I C :  (GI-;I~I:IITI C I  al. 1994). \IC;III ; ~ I I I I I I : I ~  O C C C I ~ ~ I I -  
(.! ol'gosh;~wk 11c:sting ;u-e;~s in six s~udics  ;rcross the 
\\.c.stcrll L7.S. ( c o n c r ~ r r e n ~  with this strtdy) \vel-c con- 
sistc~l~rly in the (i5-80% range over 2-1 1 y ~ .  of study. 
;\n occulx~t~cy rk~tc 01.29% (1.5/31) of ' thr I~istorical 
ncst arckrs on o r ~ r  sturly area in 199.1 is lotv by coln- 
~ ) ; ~ l - i s o ~ ~ .  . f l ~ c  low occrlpancy rate n1ay I>e clr~e in 
[);IT.I 10 ;~t t~-i t ion of some suital~lc ncst ;rr.e;ls t l r~e  to 
I I ; ~ I I I I - ; I ~  (listrtrlx~tlce over time; otlc fire p;lrti:~lly 
I)r~rnetl 1n.o nest areas in our  strrcly. It is also pos- 
sil)lc that out- gosllaivk surveys tlid not cstrnt l  out  
l i ~ r  cnorlgh to inclucle some of the a l t c r~~a t ive  nests 
~tsetl. Rect,nt t l ; l r ; ~  k o m  Arizona suggcsts~Ii;rt ahout 
( i i ' X ,  ofgosha~vks nlove to ;~lternativc nest locations 
c.\.ery ye;ll- ;rrltl th;lt ;I 1000 ni broatlc;~st c.;~lling ra- 
t l i ~ ~ s  ; l c c o r ~ ~ ~ t c t l  lor a h o ~ t t  93% of the ;rltrrnative 
11c.st ;Ittcrnpls (I<. Rc~ynoltls 1111puhl. tl;ita). If thcse 
l i~~t l ings  ;trc ;~pl)lictl to orit- strltl!-. \ve 1ikc.l~ n~isseti 
; ~ I ) O I I I  ~5% of all ; ~ l t ~ ~ - ~ ~ a t i \ , c ~  nests i l l  O L I I .  str~tl!,. 

l ike  111;1il>. r;rpto~.s, intlivitl~~al gosh;~\\-k lxrit-s I I I ; I ~  

I l o t  l)rcctl eve(-y !tsar, ;~ncl tleter~nining 11-ends in 
rer-ritory occupancy using 2 !.r sur.vc\. cl;it;~ is ten- 
t;~tive (DeStef:uno et  al. 19I)'ka). Pairs not nesting 
i l l  ;I given yral; brtt still occupying the 11cst area, 
;II-(. difficult t o  find when surveys are conducted 
; ~ f t c r  courtship (Dewey ct  a1. 2003). Ilotvever, we 
sc;11.ched large arras (>300 ha) m~rltiplc times 
;\ I  o r r ~ ~ t l  e;lch historical nest loc;ttion (luring a pe- 
I-iotl \\.lien loc;il tveather contlitions \vere not par- 
ricrtl;~rly inclement for the I-cgion and when gos- 
l1;1\vk pr-otluctivicy \\.as rclativel!. high: 74% (17/23) 
of  nests o n  the Fremont h'F ancl 91% ((20/22) of 
11c.sts o n  the ne;~rby h4;llherlr Ni~tional Forest suc- 
c.csssl'r~lly flctlgcd y u n g  in 1994 (S. R i c k a l ~ q u ~ h ,  S. 
1);1nvcl; and S. Da\v rtnpul)l. data).  Other  studies 
in eastern 01-(~go11 ant1 MT;lshington I-eportctl simi- 
1;1r high occr~p;uncy ;~n t l  nest srlccc~ss levels lor  1994 
(hI(-(;l-;~tl~ ct  al. 2003; S. Finn unpu1)l. d a t ; ~ ) .  111 ;lrl- 
( l i l  ion. I<ost~.;r.r\\n and Kostl-zewa ( 1990) rcportetl 
1 l l ; l t  \vcathrr t l i t l  1101 ;lf'kct the tlensity of ter~-itorial 
gosh;~\\-k pi1it.s over an 8-y~. pel-iotl in Europe, brlt 
\\.;IS ; I I I  i ~ ~ f l ~ l c n t i ; ~ l  limiting factor to 11rcctli11g srtc- 
(.(..;.;. T l ~ u s .  xvc conclutlecl tl1;rt  he lotv occupancy 
~-;ilcs of' t l ~ c  11isto1~ic;rl nrst ;lre;ls \vet.(. not ;~ttl-il,~rted 
10 lo\\. tlctcctal>ility, althottgh ivr cor~ltl not corn- 
plrtcly 1.11lc this orlt as ;I possihilit).. 

.l'he tli1li.t-cnrc! i l l  lbrost structure l>ct\\.ccn post- 
I!)!)2 occ~~pic.tl ;~ncl no-rcsponsc nest areas \\l;rs 
compelling. I.;ue strr~ctrlt.;~l st;tge forest, especially 
Ivith c;u~ol>\, (.ov(.t' >50%,, \\.;IS n~rtch 111orc p~.cv;~- 

lent ; ~ ~ . o r r ~ l t l  occupictl than no-response nest arcas. 
Con\.crsel\., \.c.ry early ancl c;r~-ly stt.r~ctur;~l stage for- 
est \\,as m u c l ~  more PI-e\f;~lcnt in no-response tl1;111 
occupietl nest areas. O u r  results inclicatctl that late , 
forest S L I - I I ~ ~ I I I . ~  declined by 20-50%, ilntl very early I 

ant1 e;~rly fi)rcst structure i ~ ~ c r e ; ~ s e t l  by >400% 
aror~ncl no-re~1)onse IICSLS. .~-IICSC [I-encls \\.ere tle- 
t ec t ;~ l~ l r  ;It all scales, but \\.ere strongest at the ; 
slnallcr sc;~lcs (12 ant1 52 ha) ;ultl tlecreascd wit!? 
incl-easing sc;~l(:. Although \\.c tlo not  h;lve detailctl 
histol->- ol' st;lncl n1an;lgelntrllt Lhr all cases, the ol* , 
servecl tlil'fcrolcc in h ; ~ b i t a ~  is attribr~terl ~o,-o_!eydxl 

! 
of tilnl>cr h;rr\,est. \vhich,\vc verified by photo- I 
graphic cviclcncc ;lnd Rcltl examination. The  loss ! 
of 1;lrge trees (>53  cm DBH) ;lntl a reduction in 
canopy cover to <50%, appearctl to infl~rence nest 
area occr~p;lncy. I'enteria~ii ;rncl Faivre ("01) a~ l t l  
Pentel-iani ct ;)I. (2002) for~nt l  that nest sites (ca. 
0.8 h ; ~ )  ; ~ r - o ~ ~ n t l  the nest tree ;~l terr t l  by more th:111 
30%, eitller. I)y selective 11-cc harvest (sheltcrwootl) 
o r  ~\.i~irlrl)~-o\\, ,  causctl gosll;~\\.k pairs to change lo- 

c ;~ t io~ls  I O  ne\\. ]lest st;~ntls. T h e  gencr;ll concl~l- 
sions ~.c;~cherl I)? Penteriani ancl F;ti\,rc (2001) i111tl 

Pentcl.i;rni a1. (2002) o n  hal)itat rlistr~rhi~~lcc 
were consistent \\.ith our  resr~lts: gosh;r\\.ks were a h  
sent from nest areas where there was 2 3 0 %  mean 

1 

clecl-rase in late and  mid closed forest (12-ha scale) , 
compared to the pre-1992 condition. Our  da t ;~  , 
sho~vcrl that this pattern was consistent at Iargcl- 
(12-52 ha) sc;rles as \cell. 

O u r  results suggested that ncst area habitat ;)I- ' 

teration (loss of nesting habitat) was the most likely 
reason for the lolv occupancy rates of historic;~l 
ncst area5 in 1994. The  habitat alteration Ivas likely ' 

I the I-esult of tirnher har\resr (documcntccl by aerii~l , 
photographs), which ~-edrlcetl the proportion of 

' 

late a n d  mitl-;lgecl forest ~vi th high canopy clos~~l-e  . 
and  ir~crc;~<ctl the proportion of very early anrl C';II- 

Ip open forest contlitions within 52 ha (scale 01'10- 
gistic rnotlel significance) of goshawk nests. 

I 

Managemrnt practices for nesting habitat pro- 
rcctiol~ o n  the Fremont NF nrcrt. limited ~ I I I - i n s  
1973-91, r;rngi~lg from n o  pro~ect ion (u~it-cst~.ictc~(l 
h:~rvcst) of ncst areas to 12-ha no-hat.ves~ br~l l i rs  ' 

arortntl nests (luring the brcctling srason (RcSyl1- , 
oltls 1983, L'S1)A 1993). In 1983, the Frrrnolll 
Natioll;rl Forest Plan establishcrl several 24-h;~ go'- 
hawk h:~l~it:~t management ;Ireas. Howe\.el; condi- 

I 

tions 011 lnost of these m;inagcmrnt areas r-;ungc(l : 

from early s~~ccessional  forests (ilnsr~it;tble to ! 
ginal for nesting habitat) to mid-aged Porest tvitll 

' 
only small patches of late-sr~rcessional lorest. S0111(' 



gosl~arvk rnanagclnet1t a~.c;rs wrre ~.eassignc~tl 01. 1.c- 
loc;lted in subsequcr~t yc;u-s to achieve ti111lx.1. 1i;11-- 

vest ol?jectives (K. P a l c r ~ l ~ o  and M'. MT;~tkins. 1:)-c- 
Inon1 NF, pers. comm., S. D e s i l n o ~ ~ e  unpul~ l .  t l ;~ta).  

The  photographic recortl revealed that littlc 01. 

no longterm habitat 11rotcctio11 was irnpleriic~~tc~tl 
for the 31 no-resl~onse ;ireas as of 1994. .,\I1 \\.c.r-c 
historical sites that hat1 some portions \vithirl 52 ha 
of the nest site harvestrtl t lr~ring 01. aftel- the Ilis- 
L~I- ical  nesting season. In conrlxst, most go\1);11\~k 
territories in the \vestern U.S. study al.c!:ts 1i.c JX- 
viewet1 (Table 2) had little o r  no habitat loss li-om 
timber harvest practices since discovel-\, 1)v tllc r.c- 
searchers and  hacl yearly monitoring progr;lln\ r I i ; ~ t  

tlocu~ncntecl relatively high occupancy r;ltc.; (13. 
Woodbridge, P. Kennecl!: K. Keynolcls, ant1 S. L)cu- 
cy pcrs. comm.). This fu1.111e1- supportctl 0111-  con- 
clusion that tirnber h;u-vc>st was a c le tc rnr i~ l i~~g  IIkc- 
tor leading to significan~ly lo'i\.cr occup;tnc\. ~-;ircs 
in the no-response ncst :u.c;~s coml~arctl to rhr oc- 
cupietl areas. 

Nest area ficlelity (as intlcsc.tl hy orc.ulxillc.\. 
rates) is likely to be higher in good qu;~lity li;tl~it;tts 
as colnparetl to poor quality 1l:iI)itats. This ma\ 1)c 
;~dvantageous because there is all incrrasctl likeli- 
hood of nesting success where they may ha\,e been 
successful before (Newton 1979, Newton and \\'vI- 
lie 1992, Rosenfieltl and Bielefeldt 1996). Our- I-r- 
s ~ ~ l t s  suggest nest areas with >.SO% propo~.tion ol 
older and larger structt~ral classes may be hig11e1- 
quality nest areas than areas tlo~ninated by yollngel- 
seral stages (\lTootlbriclgc and Dctrich 1!)94, Finn 
el al. 2002). Detrich ant1 \Vooclbridgc (1!)04) ;inti 
Reynolds ct  al. (1994) reported that 70-754 ol 
I~antlccl gosha\vks occupietl the same nest al-ca in 
si~cressive years, which was sirnil;~r to,Ji~~tlings l i)~- 
Cooper's Hawks (A .  cooprrii; Roscnfield ant1 Diele- 
feldt 1996) and ELII-asian Sparrow11;itvks (11. j ~ i . s i t r ;  

Newton and M'yllie 1992). Althoi~gh ;uncctlot;~l, in 
1992-94 we found an occupictl nest in each o l ' t ~ \ ~ o  
ncst areas that were both within 100 In of tl~cir. 
respective historical ncst sitc in nest areas th;it re- 
ceived special p~-otection as oltl growth manage- 
ment >lre;ls in rhc c;lrlv 15180s (Frc%mont TI: r111- 
pribl. data); these sites were first fi)r~ntl 20 yr e;~rlicr 
hy Reynoltls (1975). 

In Arizona, Reynolcls and  .Joy (1998) r-c.l~or~cd 
that over a Ciyr period, 92% (ol'I,rcetling male anrl 
79% of hrcccling fe~nalt: gosh;iwks 11;1tl litlclity to 
their territories and  mates. However, in cstrernc 
conditions such ;IS 1i)otl stress (Newton 1979) or- in 
disturbed h;ll)it;its (M1ootll)ritlge et ;ll. 1988, Uos;l- 

kolvski er al. 1!)!)3, M'ootlbl-itlgc ;ilitl I ) c - t l - i c l l  l!)<)t1. 
i:1-ockel~I3c-tlli,1-tl 1!)9!5), thcr-c is e\.i(lc.1lc(~ to Stlp- 
gest that specic:~ \vith strong sitc litlclity ~ l l i g l ~ t  
have differently. Bos;lkolvski e t  al. (1<)93) ~-cl,ortctl 
five of six Cooper's Hawk nest sites t v c s ~ . r  :~l,an- 
tlonetl ant1 not reused i11 the year Sollo\vinp clc;~r- 
ing of ; ic l j ;~cc~~t  lLwests ant1 huln;in cncro;lcl1111ent 
~vithin a ~-:ungc 01'40-500 m of thc ~ ~ c s t  sit<%. tliirgis 
e t  al. (19!14) postulated that monitor-ir~g sitc. fitlelity 
of  I,recdi~ig gosha\\.ks might p~.ovitlc ;I \ ~ ; ~ l t ~ a l ~ l c  in- 
tlicat;)l- of. th r  quality of the sr~~.rouncling hornc 
range. If spccifi c habitats neeclecl for rori\gis~';111d 
development of f1edglj;ngs are  subjcctc.rl to I1;iI)il;lt 

alteration outsitlc nest areas (definetl 21s > 12 hi1 in 
IHargis ct ;11. [1!194]), hawk pairs might \r;kc;Ite evrn 
though inclivid~ial ncst sites ( i . ~ . ,  5 I2 ha)  are he- 
ing protectccl (\\'oodhridge et  al. 1085. Bos;lko\v.;ki 
e t  ;il. 1993, I~I;~rgis c t  al. 1994, M1oocll)r-itlgr ;ultl 1)e- 
tr-icll 1994, (:I-ockcr-Bcrlford 1998). 

To infer that goshawk populations 1t;lvc tleclinctl 
on  our str~tly ; I I . ~ ; I  is beyond the .;cope 01' this s~ t~ t ly .  
I t  is possil~lc rh;~t gosha~vks not li)lrr~(l i l l  0111. I~is- 
tol-ical no-rcsponsc nest areas in 1!)1)4 11;itl ~.cloc;lt- 
erl to 111ol-c s ~ ~ i t a l ~ l c  areas else~\.l~cr-e. Ho\\.cvc~; in 
these no-responsc nest areas, forest st~.uctl~ral con- 
ditions were significantly altered from p;ist timber 
harvest, suggesting that habitat quality 11;1tl I)oen 
substantially reduced, which precl t~ded gosl~i~\\,ks 
from o c c u p y i ~ ~ g  those ncst areas (i.c., out to th r  
300-ha surveyetl area in our  s t ~ ~ r l y )  through tirnc. 

O u r  results indicated that pre-l!)92 nrst ;lre;~s 
still occ~~piec l  by gosha~vks in 1994 hat1 >SO%, 01 
their mean area in 111id closed + late: closctl forcst 
within the 52-h;~ scale (Fig. 2 ) ,  ant1 rnost rcsemblctl 
their histol-ical photograph contlitions. Moreover, 
late fi)~-est (i.e., late closed ant1 late open)  slrrlctul'c~ 
was rnost predominant in occupied ncsling ;II.(-:IS 
a t  the 12-ha scale for all forest cover types c:x;im- 
ined, supporting studies in Or-egon (Vloorc ;untl 
Henny 1983, Rull and M o h n ~ a n ~ ~  1!)!),1. 1)aw ;ulrl 
DeStefano 2001), nol-thel-11 i:;iliSorr~in (\4T~)~)tl- 
bridge and Dctrich 1991), ant1 clsc\\,lic~r.c (licyn- 
olcls e t  al. 1982, 1994, i:rocke~.-l%etlli)r.tl ;in({ ( : I I ;~ -  
ney 1988, Ma)~vard ant1 I':scar~o I!)SI). Sit1c.1-s ; I I I ( ~  

Kcnncdy 1996, S q ~ ~ i r e s  ; I I I C ~  K ~ ~ g g i c ~ . o  I!)!)(;). In 
1994, only 2 4 %  o f  the for-cstctl ;t~.c.;l i l l  111~ '  F1.c- 
mont  NF w;~s composed oFpor~t lc~-os ;~  1)illc 0 1 .  1)illc- 
associated, I;~tc structr~red, old li)rc.st ( 1  lcl!jllm rt 
al. 1994). Bcy-aus(: of '  t l ~ c  ticclillr Of ;ll'(';is Of toll- 

tigllous large ;lncI old trees (>5O cm I)I%I 1 01. > 150 
yr of ;lgc; l-Iel!jujn et ;11. 1Y!)-f). ~ ; l t ~ - ~ l l ~ ~ ~ ~ ~ i O l l ~ l ~  

and old ponc1r1-osa pine fi)rcst h;ls l X T 0 l l l ~  2111 ill- 
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CI-c;~singly threatelietl fo~.cst c,c.osystcm i l l  North 
,\~nc!~.ic;i (Noss e t  a1. I!)!).G). 

Iniplications of Vegetative Cover Loss. .A mos;tic 
of' \:egctative cover best tlescl-ilxs goshatvk nest av 
c;ls (i.ct., 170 ha) o n  the I;t.cnio~ir ~111tl p r i n t e  lands 
1t.c cs;~tniricd. For a gosl~;i\\,k ~~ol,nlation to persist 
in this ~nos;~ic ,  sufficient I)I-cc*tling habitat must es- 
ist to promote positive net ~.ca~>roduction (Rosen- 
~rveig 1!)85, Urban ant1 Sh11gar-t 1956). i \ l thor~gh 
rccctit ;~n;~lyses of gosIi;~\\~k tltmiography in the L.S. 
~.cpot.rccl no cviclencc: 01' ~)opul;ltion trends (De- 
Stcf;rno ct  al. 19941,, I<ennctly 1997), forest mrn-  
;tgctlnerit ;~ctivities surll ;is intclisive harvest ant1 
~.o;~cl I~r~ilcling, as well ;is Ii11111an de\reloprnent in 
the last 50-100 yr ha\,c c-l~;ingctl the forest n1os;lic 
proportions to a far greater degree than nntul.:~l 
tlistr~rl);~~lcc regimes. In ~ . ( ~ c c ~ i t  tlecadcs, for exam- 
ple, oltlet. tot-est has l x c n  Ii;~~.\.c~sted at a mor-e rap- 
it1 ~ . ; ~ t c  than it can cIcvc~lo~> (I'SD.+\ 1%)) I-lci!juln 
c.1 i l l .  1!)!)4, 1)ellaSalla c.t ;iI. 1!1!)3). T h e  accclcr;~tccl 
~ ; I W  of' l i i ~ t ) i t ; ~ t  change* 1 1 ~ s  g~-c;~t ly i ~ ~ c r e a s c d  the 
IXOIX)I tioti of early suc-c.cssio~~;il f'clrcst i~ncl ~-csriltc~tl 
in a skc\\.ctl tlistributio~l lii.i.o~.iiig younger :ige cl:is- 
ses cor~lp;~rctl  to tvllat \\.;is 1)r-c.scnt histor-ic;lll\. in 
orit- stutly area ( H c t i ~ r ~ n ~  ct ;I!. 1994, 1996, Soss c t  
;11. 1995, M~eycrhacl~scr C:orpol-ate Photographic 
Archives ~ ~ n p u b l .  data).  T h r  net effect is that suit- 
ahlc nesting and  foraging h;ll)i~at I'or goshawks is 
rcducccl (3~1cCarthy ct al. 1989, Delli~Salla et  ;I[. 

1995. Heli,jrtm e t  al. 19!)(i). ant1 positive net repro- 
tluction ol'goshatvks ant1 other  species that use old- 
(.r li)rcsts is potentially ;il'li~ctctl. 

011r rcs111ts lend cviclcncc to I he  hypothesis that 
long-rcrm occupancy of- nest areas is corrcl;~ted 
\\:it11 I ;~~.ger  proportiotis of' tnatrlre Lbrcst (Wootl- 
111.itlge ;~n t l  Detrich 1994) :untl indic;~tcs *at s u b  
st;uitial ;)mounts of late ant1 mid-aged closetl forest 
\\;c:rc important to the contitii~ccl use of histot-ic;d 
Iicst arcas by goshaxvks. Siglli1ic;int dil'ferenccs in 
lllc anloltnts o f  mid-agc closecl and late closrtl for- 
(.st I)ct\\.cen historic;~l (prc-lf)!)2) ancl occul)ierl 
(1)0"-1!)!)2) nest arc,;ls \\.rrc Ilot ;ipp;ll-ent in 1994 
; i t  1I1(. 32-ha scale (Fig. 1, 2) ,  sr~ggesting that rela- 
l i \ . c s l \ .  i~itact I'orcst S I ~ L I ~ I I I I . ~  rcscnihlilig I~istot~ic;~l 
(-olltlitions contribr~tcs to its persistent i ~ s c  by gos- 
Il;i\\,ks. 1 lo\vc\~er, there, \\,:is ;I slight signi1ic;lnt dill 
li.~.ct~cc, at t l ~ c  170-ha sc;~l(. li)r I;~te rlosetl ;lncl ~nicl 
closctl + Iatr closetl h;il,i~;ir. IVc cortlil not pretlict 
l I 1 c b  I . ~ ~ ~ ) O I I W  of gosIi;it\~ks to lirllitccl ;~ltct.;itions of 
I1;ll)it ; i t  (e.g., thinni l~g,  light selectiot~ hiu\~csr).  
I I()\\'('\'('I.. tree Iial-\.cst ~)~-csc~-il , t ions that cl.c:lte 
I ; ~ I - S ~  ;Il-c;iS ufith sp;~rsc cove]- a r r  ~)o[c.ll[i;l]ly ~ 1 ~ t r . i -  

111(!11t;11 to nest ;II.C;I occt~p;incy in 011" str~(l), :i~.r:~, 

cs~ec i i~ l ly  if the p c r e c ~ ~ ~  of open catlol)\p li)tc.st (i.c.., 
very early, early open. mid open,  1:11c o ~ x ~ i )  is 
>34% (mean) of the 52-113 scale o r  >44% (1nea11) 
01' the 170-ha scale (Fig. 2).  

Management Implications. O u r  resrilts slio\vcrl 
tl1;1t the pl-rsence of late ancl mid-agctl (.loset1 for. 
est (combinecl, (505% : ~ n d  48% within the 12-hn and 
32-ha scale, rcsl~cctivcly) were itnpol-lalit to the 
continued r ~ s e  of historical nest :u-eas 11y gosl~;~\vks. 
\,\k rcconimrncl a no-li;u-vest zone \\.ithill rllc 12-h;~ 
around nest sites ancl tliscournge t i ~ r t h e ~ .  cutting.o.C 
lal-ge trees wirhin the 32 ha. Thesc rc~c-or~?;n~ntl;l- 
tions would Iielp to prmerve stand intcg~.i~y, ~ r ~ a i n -  
tain closed c;~nopics, promote connccri\ . i~\ to al- 
te~.~iative nest stands, and  maxitnize co~~t l i t ions  lor 
111.ecding cgosha~vk pairs to persist. I i c . t ;~ i~~ing  csist- 
ing mid-aged closerl anrl late closrtl 1 0 1 . e ~ ~  st~.uc- 
trire to levels of >.',O% at the .32-ha sc;~lc ;~nrl  >.10% 
\\.ithin the 1'70-ha scale, ;IS well as I I I ; I I I ; I ~ ~ I I ~  to 111.0- 
Inotc this structure in the fr~ture,  \ \ : o r ~ l t l  ;ilso likcl!. 
I)rnclit gosha\vks. B ; ~ s c ~ l  on 0111. resr~lts. I\.(. ;1I3o rrc- 
on~lnen t l  that ahor~r  10-20%) of the s~i~.~-o~l~ic- l ing 
k>rcst structure or~lsitle the nest site I)e i l l  v(,~.!. e;u. 
I \  01- early open c;~togories with the 1csse1- ;ui~ounts 
in the smaller scales ( 12 a n d  24 ha; Fig. I ).  ~ , I ; I I I -  
agenlent within the 170-ha scale shor~ltl l>e limitctl 
to light thinning o r  ca re f~~l ly  PI-escri1,ed h111.11ing 
of overstocked stands outsirle of the I,~.eetling sea- 
son (October-Februav) to prot i~ote I I ~ ; I ~  111.e. 1111- 

even-aged stanrl development. This coultl ;ilso im- 
pro\.c foraging opportuni t ies  for gosll:~\vks 1)s 
removing some of the dense rlntler-stor!. of' sll;~tlc 
tolerant conifers. 

Fin;~lly, logistic regression analyses suggest 111;it 

habitat alteration that rerluces the proportion 01' 
mature closerl-canopy forest, ant1 ~vhich is srihsc- 
quui t ly  replacetl by early s~~ccession;~l  li)~-csl. I'('- 

duces the prolnhility of an area as a po tcn~i ;~ l  11cst- 
ing habitat for hrcctling goshawks, sul~l)o~-lill# 
hlcC;u-thy c t  al. (1989). ,More se\fcl.e altc.r;ili()~ls 
(c1e:trcrlts ;111tl motlcratcly high altcl-;itiot~. I>;~rti;ll 
r e t n o ~ ~ l  of stands rc.srtlti~~g in <.SO%, C ; ~ I I O P \  cl0- 
silt-e) increase the likclil~ootl of gosl~;i\\.ks n o t  
occtlpying :ireas d u e  to dcterior;~tioti i l l  the' (111;1111!' 

of' potential ~icsr-;wens. 

.-I(:Lx( )WI .F.l>( ;\tl:,s.l.s 

F ~ ~ i ~ r l i l ~ g  \\.;IS proviclcd Iy the O I Y . ~ O I I  I ) ~ . I ) ; I ~ I I I I ( . I ~ I  Of. 

Fin11 nnrl \\'iltllik. U.S. Fish a~ltl  MTiltllifi. %(.I-vic-c.. OICSO" 
Sratc U~~ivcl.siry Crnlcr li)r Analysis of' ~I1\.ironI11~11l;'l 
(:hangc. L1.S. 1:oresr Sc~-\sice P;lcific Nol-~llr\~c.si I<c.gior1' 
;~ntl the L1.S. (;c:ologic;~l S~~rvcy  Biological I < ~ . S ~ I I I . C V '  [Ii- 
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