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ests (DeStefano et al. 1994). Part/a/cutting was
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provide additional informat-/on on habitat use by cluded some areas defined by the U.S. Forest
nesting northern goshawks.

STUDY AREA Service as "’old-growth set-aside" units (U.S.
Department of Agriculture 1990). These units
ranged in size from about 60 to 160 ha and add-

We surveyed for northern goshawk nests on ed to the variety of forest structural conditions
3 national forests in eastern Oregon: the Wal- we examined for northern goshawk use.

Wallowa-Whltman National Forest

I
l Forest

National Forest

Ff_ig. I Location of the Wallowa.Whior nes,s ,ook ~remon, nat,ona, .93: block on lhe Watlowa-Whitman, 2 on the Malheur, anti 2 on the Fremont.

c~rcles) during May-August 1992
..... ~m" surveys blocks (iocateSdtsw(idt~gn~g~I I.Ines)in eastern Oregon Surveys
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~ We used the protocol developed by Kennedy
petted that if a bias existed, nests found oppor-and Stahlecker (1993), modified to handle steep
tunistically would be characterized by a higherterrain (B. Woodbridge. 1990. Survey protocol
density of large trees and higher canopy closurefor nesting northern goshawks (Accipiter gentil-
than nests found systematically. Abundant large

is) on national forest lands in the Pacific South-
trees and high canopy closure are 2 important

west region, unpublished. U.S. Forest Service, characteristics of o/d-growth forests in the Pa-
Macdoel, California, USA) to search for nests cific Northwest and have been identified as key
within survey blocks during May-August 1992 characteristics around northern goshawk nests
and 1993. This protocol incorporates the broad- throughout the western United States
cast of taped northern goshawk calls along a olds et al. 1982, Moore and Henny 1983, Hay-
grid of stations within a survey block. At stations ward and Eseano 1989, Squires and Ruggiero
spaced 300 m apart along a transect, we used a 1996, McGrath 1997). If a bias exists in the
megaphone (modified Realistic model 32-2030) characterization of northern goshawk nest sites,
coupled to a cassette player (Son), Walkman it could be because observers seek these forest
model WMA53) to intermittently broadcast el- structural characteristics before looking for
ther the adult alarm, adult wail, orjuvenile beg- nests.
ging call, depending on stage of the breeding At each nest, we measured these 2 variables
season. Sound output was 90 dB (SD = 3 dB)

(density of large trees, % canopy closure) at at 3 m, which was slightly greater than what plots: a center nest-tree plot surrounded by 4
Kennedy and Stahlecker (1993) used, but sim-

plots radiating in 4 cardinal directions 30 milar to what Fuller and Mosher (1987) recom- from the center plot. Total area covered by the
mended. We spent about 4 min at each station.

5 plots was approximately 0.4 ha. We used aKennedy and Stahleeker (1993) spaced parallel Lemmon spherical densiometer (Lemmon
transect lines 260 m apart, and Woodbridge de- 1957, Nuttle 1997) to measure canopy closure
parted from that pattern in steep terrain by first 5 m from each plot center in the 4 cardinal
placing transects along existing roads and then

directions and averaged the 4 measurements for~ in survey gaps with transect lines estab-
a plot value; we then averaged the 5 plots. At~ i along topographical contours. Our tran- each of the same 5 plot centers, we estimated

s,~ts in steep terrain were never >450 m apart, stem density with a 20-factor basal area prismwhich ensured audibility of broadcast calls in and variable-radius plots from which we calcu-
different forest conditions. When a northern

lated the number of large live trees per hectare
goshawk was seen or heard, we immediately for the entire 0.4-ha area (Bell and Dilworth
searched the vicinity for a nest. If a nest was 1988).not found, we returned to the area at a later

Our use of "nest site" refers to the 0.4 hadate to conduct additional broadcast surveys
around a single active nest (i.e., a pair of north-and nest searches,
ern goshawks used the nest) and is synonymousWe grouped nests found by this protocol into
with Mosher et al.’s (1987) "activity site" (0.04-the "systematic" search category. We grouped
0.75 ha around some activity point). Our use ofnests found by timber survey and marking
nest site is a subset of Postupalsky’s (I974)crews, during wil~tlife inventories for different
"breeding territory," Steenhof’s (1987) "nestingspecies, or during searches of historic northern
territory," and Reynolds et al.’s (1992) "’nestgoshawk nest sites into the "opportunistic"
area"; these areas can contain a number of al-search category. The key distinction was that
ternative nests used in different years. We usednests found opportunistically were a result of
the 1993 nest site if act-lye, and the 1992 nest

searching some preselccted t~pe of forest strnc-
for sites active in 1992 only.ture throughout the national forests, whereas

We used analysis of variance to determine thenests found systematica/ly resulted from thor-
effect of search method on large trees per hect-oughly searching a broad range of forest struc-
are and percent canopy closure, after blockingtufa] conditions within a contiguous block,
on national forest (WaJlowa-Whitman, Malheur,We used 2 variables to compare vegetation
Fremont) and forest type (ponderosa pine,Characteristics at nest sites between search
]odgepole pine, mixed conifer)to remove themethods: the number of large (>53 cm diam-
variability due to inherent differences in foresteter at breast height [dbh]) live trees per hect-
structure from these sources (Zar 1996); block-

ar~-
total percent canopy closnre. We ex-

ing increased our power to detect differences in
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Table 1. Number of active northern goshawk nests found in 1992-93 by search method (systematic vs. opportunistic) in pon-
derosa pine (PP), mixed conifer (MC), and Iodgepole pine (LP) forest types on 3 national forests in eastern Oregon.

National forest

Wallowa-~Vhit man Malheur Fremont
Search method PP MC LP PP M(J LP PP MC’ Lt’ Total

Systematic 0 4 0 6 6 0 1 4 6 27Opportunistic 0 6 0 3 7 0 1 3 2 22Total 0 10 0 9 13 0 2 7 8 49

forest structure attributable to search method OpT closure, and this trend was consistent re-
(Steidl et al. 1997). To address the p, ossibility gardless of the survey method used to find
Type II errors, we calculated 90% confidence nests. Narrow confidence intervals around dif-
intervals (CI) for the estimated differences ferenees in characteristics of forest structure
measured variables between search methods provide further evidence that true differences
(Steidl et al. 1997). We used the variance in structure between systematic and opportu-
observed and ~x = 0.1 to estimate the po~ver of nistic nests were negligible, as they excluded
our statistical tests to detect a 25% difference differences we believe to represent biologically
in variables between nests found with both important effect sizes (Steidl et al. 1997). Thus,
search methods. We log’it transformed percent we found little evidence to suggest the method
canopy closure for analyses but report untrans- in which nests were located biased the descrip-
formed values, tion of nest-site habitat of northern goshawks

RESULTS toward older forest structure. Researchers in
Southeast Alaska also found no apparent bias

We measured forest structure around 49 associated with how a nest was found (K. Titus,
northern goshawk nest sites located in 1992-93 Alaska Department of Fish and Game, persona’
(Table 1), 27 of which were located during sys- communication).
tematic searches and 22 opportunistically. Both The pattern of northern goshawks selecting
density of large trees and canopy closure were nest sites with abundant large trees and high
similar in 0.4-ha areas around nests found with canopy closure has been shown to occur
either search method (Table 2). The difference throughout much of the western United States,
in density of large trees per hectare between including Oregon (Reynolds et al. 1982, Mc-
nests found systematically and opportunistically Grath 1997), Idaho (Hayward and Escano
was estimated to be 1.20 (90% CI = -2.3, 4.7); 1989), Wyoming (Squires and Ruggiero 1996),
the difference in percent canopy closure be- California (Hargis et al. 1994, Woodbridge and
tween nests found systematically and opportu- Detrich 1994), northern Arizona (Reynolds 
nistically was estimated to be -0.93 (90% CI al. 1992), and New Mexico (Kennedy 1988).
-3.2, 1.4). Hence, differences in forest char- This pattern also holds true for northern gos-
acteristics between search methods were minor hawks nesting in deciduous forests of the east-
and probably not important biologically, ern United States (Speiser and Bosakowsld

DISCUSSION 1987), coniferous forests of Southeast Alaska
(Iverson et al. 1996), aspen (Populus spp.)

In eastern Oregon, northern goshawks used stands in the Great Basin (Younk and Bechard
nest sites (0.4 ha) with large trees and high can- 1994), and pine (Pinus spp.) and oak (Quercus

Table 2. Mean number of large (>53 cm dbh) live trees per hectare and total percent canopy closure in a 0.4-ha area around
northern goshawk nests in eastern Oregon by nest-search method.

Systematic (n = 27) Opportunistic (n = 22)
Structural characteristic .f LSM" SE .i: LSM~ SE P Power/’ : ’

Trees/ha 16.4 12.4 3.1 21.3 14.8 3.2 0.56 0.27Canopy closure (%)~ 72.4 70.3 2.1 69.8 68.4 2.4 0.61 >0.99
" Least squares means are means after adjusting for other model parameters 0~ere, national forest and forest
h Estimated for a 25% difference betnveen nests tbund with different search methods using the variance we observed and a = 0.10.
" Untransformed data.
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l, .orcst on isolated mountain ranges in des-

Schelz, K. H. Schmidt, C. A. Wolfe, and S. A.eft regions of southeastern Arizona (H. Snyder,
Wolfe for he/ping us find nests and collect data.Portal, Arizona, personal communication).
Important input to study design was offered byNorthern goshawks will indeed nest in a variety
L.L. Amell, W. W. Carson, C. J. Corey, W. D.of forested conditions in eastern Oregon and
Edge, K. F. Haines, R..1. Haines, G. P. Keister,elsewhere but will choose areas with large trees
P.L. Kennedy, D. H. Marshal/, E. C. Mes/ow,and high canopy closure when available (Daw
S.D. Tesch, and B. Woodbridge. F. L. Ramsey1997, Desimone 1997; McGrath 1997).
and D. L. Otis provided valuable guidance withIn eastern Oregon, northern goshawk nests
statistical analyses, and comments by D. E. An-occasionally did occur in patches of forest with
dersen, G. A. Ba/dassarre, R. S. Lutz, E. C.high canopy closure but few to no large trees,
Murphy, K. Titus, and an anonymous reviewerand our systematic surveys in younger forests
greatly improved the manuscript. Many wildlifeshowed northern goshawks exhibited some flex-
and silvicultura/personnel from the U.S. Forestibility in use of nesting cover. Thus, we caution
Service Ranger Districts offered invaluable sup-that although searching dense, late-forest struc-
port throughout the study. Funding for this pro-ture may be the most efficient method for lo-
ject was provided by the Oregon Departmentcaring northern goshawk nests, such selective
of Fish and Wildlife’s Nongame Wildlife Pro-searches may not fully represent the distribu-
gram, Biological Resources Division of the U.S.tion of nests among all forest structural stages.
Geological Survey (formerly National BiologicalIn addition, there are likely other habitat vail-
Service), Center for Analysis of Environmentalables we did not measure that could be impor-
Change of Oregon State Oniversity, U.S. Forestrant components of northern goshawk nesting
Service, and U.S. Fish and Wildlife Service.habitat ant/that may differ between nests found

systematically and opportunistically. We there-
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