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ABSTRACT.--We compared vegetative structures in 4-16-ha patches in forest stands used by 12 pairs of 
Northern Spotted Owls (Strix ocddentalis caurina) for nesting (N = 44) and foraging (N = 38) with 
habitat structures in 50 stands located randomly throughout annual home ranges in a young and mid- 
successional forest landscape (25-79 yr-old stands) in the foothills of the western Cascades in Oregon. 
Forest stand structures influenced selection for stands used for foraging and nesting by Spotted Owls, 
and abundance of these structures varied with successional development as represented by five age 
classes. Conifer saplings (10-19 cm in diameter at breast height [dbh]) and trees 50-79 cm dbh were 
more abundant in foraging areas than nest sites or random sites. Large snags (>40 cm dbh) tended to 
be more abundant, down woody debris was more abundant, and cover of herbs and low-growing shrubs 
(<0.5 m) was lower in stands in which owls hunted frequently than in randomly located stands of the 
same age classes. Owls nested in trees as young as 41 yr old, although 65% of nest trees were older than 
120 yr of age. We found 22 (50%) nests in forest stands 46-79 yr of age, whereas owls repeatedly foraged 
in stands as young as 27 yr of age. Silviculturists should be able to create foraging habitat for Northern 
Spotted Owls in managed forests by emphasizing control of tree densities and form, woody debris, and 
understory vegetation. Suitable nesting habitat might best be facilitated via retaining legacy trees. Future 
research should determine the relative contribution of managed forests to owl conservation. 

K•Y WOp•DS: Northern Spotted Ow• Strix occidentalis caurina; foraging habitat;, managed forests; nesting hab- 
ita• Oregon. 

Estructuras de firboles utilizadas por Strix ocddentalis caurina en bosques manejados 
RESUMEN.--Comparamos las estructuras vegetales de 4-16 parches de bosques utilizados por 12 parejas 
de Strix ocddentalis caurina en habitats de anidaci6n (N = 44) y forrajeo (N = 38), en estructura de 
habitats de 50 parcelas de firboles ubicados al azar a 1o largo de los rangos de hogar anuales en paisajes 
de sucesiones de bosquesj6venes (25-79 aftos), los cuales estaban ubicados en el piedemonte al oeste 
de Cascadas en Oregon. Las estructuras de firboles influenciaron la selecci6n de •trboles utilizados para 
el forrajeo y anidaci6n de los bfihos. La abundancia de estas estructuras vari6 con el desarrollo suce- 
sional representado por 5 clases de edad. Las muestras de coniferas (10-19 cm) de di/tmetro a la altura 
del pecho (dap) y de firboles 50-79 cm dap fueron m/rs abundantes en areas de forrajeo queen los 
sitios de anidaci6n o los sitios escogidos al azar. Los troncos grandes (>40 cm dap) tend/an a ser m/rs 
abundantes, la cobertura de hierbas y arbustos del sotobosque (<0.5 m) fue menor en los fragmentos 
de firboles en los que los bfihos cazaban con frecuencia queen las estructuras de la misma clase de 
edad ubicadas al azar. Los bfihos anidaron en •trboles j6venes de 41 aftos de edad, aunque el 65% de 
los firboles con nidos fueron de m/rs de 120 aftos de edad, mientras que los bfihos forrajearon repeti- 
damente en /trboles de 27 aftos de edad. Los silviculturistas podrian crear habitat de forrajeo para los 
bfihos en bosques manejados enfatizando el control de las densidades de firboles, su forma, y de la 
vegetaci6n del sotobosque. E1 habitat de anidaci6n apropiado puede ser implementado protegiendo los 
firboles valiosos. Las investigaciones futuras deben determinar la relativa contribuci6n de los bosques 
manejados a la conservaci6n de los bfihos. 

[Traducci6n de Cfsar M•rquez] 

Field studies have repeatedly demonstrated that 
Northern Spotted Owls (Strix occidentalis caurina) 

• Present address: P.O. Box 68, Stevensville, MT 59870 
2 Present address: 3165 l0 ttx Street, Baker City, OR 97814 
U.S.A. 

selectively use late-successional and old-growth 
(LS/OG) forest stands (Forsman et al. 1984, Carey 
et al. 1990, Hunter et al. 1995), and that vegetative 
structures within such stands likely influence selec- 
tion of foraging habitats (Solis and Guti6rrez 1990, 
Call et al. 1992) and nest sites (Forsman et al. 1984, 
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Buchanan et al. 1993, Buchanan and Irwin 1995, 

LaHaye and Gutierrez 1999). North et al. (1999) 
documented that forest stand structures influ- 

enced selection of foraging sites used by Northern 
Spotted Owls in unharvested forests in Washing- 
ton. Forest stand structures, including large trees 
and snags, multiple canopy layers, downed woody 
debris and shrubs, have been hypothesized to pro- 
vide favorable microclimates, nest sites, cover from 

predators, and/or habitat for the owl's prey (Carey 
1985, Carey and Johnson 1995, Carey and Peeler 
1995). Forest stand structures influence small 
mammal diversity and abundance (Carey 1995), 
and many aspects of Spotted Owl biology are influ- 
enced by prey abundance, diversity and biomass 
(Carey et al. 1992, Carey and Peeler 1995, Ward et 
al. 1998, Carey et al. 1999). 

There are no detailed measures of forest stand 

structures and other habitat attributes in young or 
managed forests occupied by Northern Spotted 
Owls. Investigators who have documented North- 
ern Spotted Owl presence in young and mid-suc- 
cessional (Y/MS) forests (defined herein as those 
25-79 yr of age) have speculated that such occu- 
pancy probably is related to structural legacies 
from previous, older forests (e.g., Forsman et al. 
1977, Irwin et al. 1989). Information on density or 
abundance of vegetative structures associated with 
use of Y/MS forests by Northern Spotted Owls 
could be used for crafdng silvicultural prescrip- 
tions for producing or enhancing habitat in man- 
aged forests, if a breeding population of owls could 
be found occupying a Y/MS forest landscape. We 
located such a Y/MS landscape occupied by North- 
ern Spotted Owls at the foot of the Cascade Range 
in western Oregon, where surveys identified 57 ter- 
ritories occupied by 42 owl pairs and 15 single owls 
(with annual variation) near Springfield, Oregon 
in a managed landscape that contained •10% LS/ 
OG forests. Owl pairs at 29 of the 42 sites success- 
fully fledged young I yr from 1992-99, providing 
an opportunity to examine forest stand structure 
at foraging and nest sites. 

The scale for comparing used and available hab- 
itats determines the range of inferences from hab- 
itat selection studies (Johnson 1980, Porter and 
Church 1987). Previous investigators (Laymon and 
Reid 1986, Carey and Peeler 1995) found that 
Northern Spotted Owls often concentrated their 
searches for prey repeatedly in small "pockets" 
(•16 ha) of forests, and Bingham and Noon 
(1997) recommended sampling habitat conditions 

within core areas (Samuel et al. 1985), or those 
areas within home ranges that receive dispropor- 
tionate use. Quantifying habitat components in fre- 
quently-used stands, which are most likely to occur 
within core areas, may help identify consistent as- 
pects of the environment that trigger the owl's hab- 
itat selection response and influence its survival 
and reproduction (Bingham and Noon 1997). 
Thus, our primary goal was to evaluate stand struc- 
tural factors associated with forests used for nesting 
and foraging in frequently-used areas within owl 
home ranges. We wanted to learn if densities of 
forest stand-structures and other habitat descrip- 
tors differed across a successional gradient and 
among nest sites, foraging areas, and random lo- 
cations within owl home ranges. 

STUDY A•E^ 

The study area was bordered by the Willamette Nation- 
al Forest on the east and forests adjacent to Interstate 
Highway-5 on the west, and extended south from Browns- 
ville in Linn County to Dorena Reservoir in Lane County, 
Oregon. About 10% of the land was administered by the 
USDI Bureau of Land Management (BLM). The remain- 
der was owned by private timber companies or occurred 
as rural residential areas and farmlands. Forests in the 

northern and western portions of the study area regen- 
erated following timber harvests that often left scattered 
nonmerchantable trees or seed trees, many of which were 
•80 cm in diameter. Forests in the eastern parts of the 
study area regenerated following extensive wildfires 
about the turn of the century (Teenstoa 1987). 

The 57 owl territories that we identified lay below 915 
m in elevation in the foothills of the McKenzie River 

drainage. The area was in the Western Hemlock Zone 
(Franklin and Dyrness 1981), and the forests were pre- 
dominantly coniferous trees such as Douglas-fir (Pseudot- 
suga menziesii), western hemlock (Tsuga heterophylla), and 
western redcedar (Thuja plicata). Common hardwoods 
included Pacific dogwood (Cornus nuttallii), big leaf ma- 
ple (Acer macrophyllum), and red alder (Alnus rubra). Less 
common species included golden chinquapin (Castanop- 
sis chrysophylla) and Pacific yew ( Taxus brevifolia). Com- 
mon understory species included swordfern (Polystichum 
munitum), salal (Gaultheria shallon), vine maple (Acer cir- 
cinatum), and Oregon grape ( Berberis nervosa). 

METHODS 

Radiotracking of 26 owls in the Springfield population 
provided an opportunity to examine habitat structures at 
areas of concentrated use for foraging. We also examined 
forest stand structures at nest sites. Capturing and radio- 
tracking Spotted Owls followed procedures described by 
Carey et al. (1989, 1990) and Guetterman et al. (1991) 
To ensure statistical independence, only telemetry loca- 
tions separated by 72 hr were used in the analysis (Guet- 
terman et al. 1991). This criterion was met by field crews 
locating radio-tagged owls 2-3 times per week. We used 
only owls for which telemetry data were gathered contin- 
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uously according to that schedule for >1 yr (13-27 mo), 
to provide estimates of year-round use patterns within 
home ranges. Nocturnal telemetry locations (when owls 
foraged most frequently) were initially mapped in the 
field on 7.5-min U.S. Geological Survey quadrangle maps 
and on aerial photographs. We subsequently mapped owl 
home ranges and identified core areas using the adaptive 
kernel (ADK) method (Worton 1989, 1995). Although 
core areas of Northern Spotted Owls may include up to 
75% of the telemetry locations of an individual or pair 
(Bingham and Noon 1997), we used the 60% ADK iso- 
pleth to estimate core area. 

Using aerial photographs, we identified forest stands 
for sampling stand-structural measurements using three 
criteria: the radio-tagged owls involved were members of 
pairs of territorial Spotted Owls, at least one of which was 
monitored for 1 yr; the pairs nested successfully --> 1 time 
during the study; and the stands received repeated or 
disproportionate use by radio-tagged owls for foraging, 
which we arbitrarily defined as 4% of the total telemetry 
locations in areas that comprised 1% of the annual ADK 
home range. Due to the concentration of use near the 
center of the home ranges (Rosenberg and McKelvey 
1999), such repeatedly-used foraging areas were located 
within core areas. Sizes of foraging areas sampled varied 
with the number of telemetry locations and size of error 
polygons from telemetry, and ranged from 5-15 ha, usu- 
ally 10 ha. We specified the maximum sampling area at 
15 ha based upon similar observations by Laymon and 
Reid (1986) and Carey and Peeler (1995), as well as our 
own observations. Also, we specified the minimum for- 
aging area to be at least twice the size of average telem- 
etry-error polygons (1.5-2.0 ha), which we estimated by 
comparing triangulations with actual (walk-in) observa- 
tions (N = 75) of radio-tagged birds. Although our 
choice of 4% of telemetry points in 1% of home ranges 
was arbitrary, the design was similar to that of North et 
al. (1999), who used 3-9% of telemetry locations to des- 
ignate "moderately-used" stands and 10% for very high- 
ly-used stands. However, they sampled stands 40-80 ha in 
size, whereas we sampled within much smaller areas that 
contained a comparatively high density of telemetry 
points. 

We sampled 2-4 frequently-used foraging areas within 
each core area; few home ranges contained >4 repeat- 
edly-used foraging areas. Thus, the foraging area (or nest 
site) was the sampling unit, not each owl. North et al. 
(1999) found that variance in stand structure estimates 
stabilized at 3-4 plots per stand in homogeneous stands. 
Thus, we sampled 2 plots in each foraging area or ran- 
dom site, but opted for five plots when we encountered 
additional variation, as was found in the largest stands 
sampled (15 ha) and also in those with large-tree legacies 
from previous stands. Data presented are averages from 
104 plots sampled in 38 frequently-used foraging areas 
within home ranges of 12 pairs of Northern Spotted 
Owls, either from combined home ranges of both pair 
members or from one member of a pair. In addition, we 
collected data from 44 nest stands, using the nest tree as 
the center of a single plot. Several owl pairs used more 
than one nest tree; alternate nest trees were sampled only 
if they were found in different stands. 

Specific locations of plots to be sampled within forag- 

ing areas and in comparison areas that contained zero or 
low densities of telemetry locations were established us- 
ing random coordinates on grid maps (100-m grid inter- 
vals) and found in the field using a global positioning 
system. Statistical comparisons of data from nests and for- 
aging areas were made with data gathered from 50 stands 
(averaged from three plots/stand) that were selected ran- 
domly. The 2-4 foraging stands sampled within individ- 
ual home ranges were >200 m apart to ensure a broad 
distribution and sampling of the range of types within 
home ranges, and we also assumed that the random sites 
within the 12 home ranges represented the range of var- 
iation in habitat conditions used by Spotted Owls in the 
study area. Examples of home ranges, core areas, and 
sampling design for estimating habitat structures at fre- 
quently-used foraging sites and random sites are shown 
in Fig. 1. 

We sampled several variables associated with four ma- 
jor stand-structural features that are believed to be im- 
portant to Spotted Owls and/or their prey: densities and 
sizes of live trees; coarse woody debris, including fallen 
logs and snags; understory vegetation; and forest canopy 
structure. Our sampling design employed nested circular 
plots, following procedures used in Spies (1989) and 
North et al. (1999), in which the minimum vegetation 
structure size sampled increased with plot size. These 
procedures provided tallies of large, infrequently occur- 
ring items such as snags and old-growth trees without 
over-sampling small, less variable structures. Each plot in- 
cluded three nested circular sub-plots: 0.05-, 0.10-, and 
0.20-ha in size. 

Beginning 2 m from the site center, we made ocular 
estimates of cover (to the nearest percent) for shrubs and 
herbs in three height classes (<0.5, 0.5-2.0, and >2.0 m) 
in four 4-m 2 quadrats placed in the cardinal directions 
We counted all living trees and all snags (>10 cm dbh) 
and estimated abundance and length of downed woody 
debris (pieces >10 cm diameter) within the 0.05-ha sub- 
plot. In the 0.1-ha plot, we tallied living trees 51-80 cm 
dbh and all downed logs (large and small diameter and 
length). Finally, in the 0.2-ha plot, we recorded the num- 
ber of large snags (50 cm dbh) and large living trees (80 
cm dbh). We also estimated stand age (from annual 
growth rings), average crown depth (using a clinometer), 
and average crown volume (%•r a X height) based upon 
six living dominant or codominant trees that we judged 
to typify the dominant canopy trees in each stand sam- 
pied. We estimated canopy cover using a concave densi- 
tometer (after this study was well underway, we learned 
that this tool inflates estimates in high closure classes, see 
Cook et al. 1995). Distance from the ground level to the 
lower canopy provided an index to flying space under 
the primary canopy. We sampled only those stand-age 
classes that owls used for nesting or that radio-tagged 
owls used repeatedly for foraging. Thus, we discarded 
random points that fell on non-forested areas or forest 
age-classes that were not used. For statistical comparisons, 
we grouped stands into five age classes that approximat- 
ed a successional gradient: 25-39, 40-59, 60-79, 80-119, 
and >120 yr. We designated the first three age classes as 
Y/MS or managed forests and the older two as LS/OG 
forests. 

After evaluating stand structure variables to assess nor- 
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Table 1. Number of forest stand samples by age class 
for repeatedly-used foraging sites and nesting sites of 
Northern Spotted Owls and random sites within Spotted 
Owl home ranges, western Oregon. Age classes 25-39, 
40-59, and 60-79 yr were classified as young or mid-suc- 
cessional (Y/MS) stands and classes 80-119 yr and >120 
yr were late-successional and old-growth (LS/OG) stands. 

FOREST STAND AGE CLASS (yr) 

25--39 40-59 60--79 80--119 >120 TOTAL 

Foraging 5 16 5 8 4 38 
Nesting 0 11 11 18 4 44 
Random 19 10 7 9 5 50 

mality of distributions and possible correlations, we test- 
ed for effects of succession with a two-way, fixed effects 
analysis of variance (ANOVA). For comparisons that were 
statistically significant, Fisher's least significant difference 
test was used to determine which levels differed. Com- 

parisons among random, foraging, and nesting sites were 
made using fixed effects ANOVA. In general, we consid- 
ered comparisons statistically significant if Type-I error 
levels were <0.05. 

500 

Figure 1. Examples of sampling design for comparing 
habitat structure at frequently-used foraging areas (large 
circles) within core areas (dotted lines) of a pair of 
Northern Spotted Owls (A) and an individual Spotted 
Owl (B) with that at randomly-located areas (squares). 
Radiotelemetry points are denoted by small circles and 
95% adaptive kernel home ranges are enclosed by solid 
hnes. Both members of the pair in A used two core areas 
that were separated by unusable habitat. 

RESULTS 

Descriptive Data. Core areas of Northern Spot- 
ted Owls for which we obtained sufficient teleme- 

try data averaged 372 ha (SE = 67.6 ha) in size for 
18 individuals and 417 ha (SE = 128.9 ha) in size 
for 6 pairs, and occupied <25% of annual ADK 
home ranges among individuals and pairs. The 44 
nests were in stands that ranged in age from 46- 
168 yr, half (22) of which were in LS/OG forests 
and half of which were in Y/MS forests (Table 1). 
These included 11 nests in stands 46-60 yr old. 
Trees with owl nests were mostly Douglas-firs 
(86%) of large size (73% >80 cm dbh) and rela- 
tively old age (65% >120 yr). Such trees clearly 
were legacies from previous stands. All but four 
nests were in living trees. Four nest trees were <60 
yr old and <50 cm dbh, with the youngest being 
41 yr. The nest structures that we could identify 
were either cavities (N = 17) or debris platforms 
(N = 22) on large limbs or in tree crotches. 

Owls foraged in stands with a wider age range 
than was found at nest sites. Repeatedly-used for- 
aging areas ranged from 27->200 yr in age. Twen- 
ty-six Y/MS stands and 12 LS/OG stands were used 
repeatedly for hunting (Table 1). Five stands 25- 
40 yr of age were used repeatedly for foraging. Ra- 
dio-tagged owls made very little use of stands <25 
yr of age. Stand composition was similar to that of 
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Figure 2. Successional patterns of tree densities by size- and age-class in stands frequently used for foraging or 
nesting or at random locations within home ranges of Northern Spotted Owls. Vertical lines above bars indicate 
standard errors. 

Douglas-fir forests of western Oregon in that stands 
typically consisted of abundant, small-diameter 
western hemlock seedlings and trees (<20 cm 
dbh) with Douglas-fir tending to be the large-di- 
ameter trees. 

Density of Live Trees. Average densities of trees 
seemed to differ among the five classes that we 
used to express successional gradients. Stands 25- 
39 yr of age contained highest densities of trees 
<35 cm dbh. Stands 40-79 yr of age contained 
moderate densities (>40/ha) of trees >50 cm dbh 
and mature and older stands (80 yr old) contained 
relatively high densities of large trees with >19 
trees/ha >80 cm dbh (Fig. 2). In general, densities 
of trees in the three diameter classes <50 cm de- 

clined with advancing age and densities of trees 
>50 cm dbh increased. Nearly all stands sampled 

contained more than one large (>80 cm dbh) 
tree/ha. 

We found relatively few differences in densities 
of trees of five diameter classes among nesting, for- 
aging, or random sites within owl home ranges (Ta- 
ble 2). Foraging sites contained more sapling trees 
(10-19 cm dbh) and more 51-80 cm dbh trees 
than either nesting or random sites. In turn, nest 
sites contained the most trees in the 20-35 cm dbh 

class and fewest in the 51-80 cm dbh class. Forag- 
ing sites tended to contain a few more large trees 
(>80 cm dbh) than random or nesting sites. 

Snags and Downed Wood Debris. We found suc- 
cessionally-related gradients in densities of large 
snags in comparisons that included all stands that 
we sampled (Table 3). Large snags increased and 
small snags tended to decrease with advancing 
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Table 2. Comparisons of tree densities by size class 
among nesting, foraging, and random locations within 
Northern Spotted Owl home ranges, western Oregon. 
Row values with different superscripts are statistically dif- 
ferent at the indicated level of probability, based on AN- 
OVA. 

TREE 

SIZE 

Ci•ss 

(dbh 
in cm) 

TREE DENSITY (No./ha + SE) 

RANDOM FORAGING NESTING pa 

10-19 120 a ñ 16 186 b + 19 162 c _+ 17 0.041 

20-35 164 a ñ 13 142 b ñ 16 188 c m 14 0.109 
36-50 87 m 7 84 ñ 8 79 ñ 8 0.814 

51-80 56 • ñ 4 62 • ñ 5 43 b ñ 4 0.018 
>80 15 ñ 2 19 m 2 15 ñ 2 0.201 

stand age and large snags generally were more 
abundant at foraging and nesting sites than at ran- 
dom, although the differences were not consistent 
among all age classes. There were no differences 
in densities of small-diameter snags among forag- 
ing, nesting, and random locations. 

There were no clear successional gradients in 
the densities or volumes of downed woody debris 
(Table 4), although the youngest stands usually 
contained the least amount of woody debris. For- 
aging areas contained greater densities and vol- 

umes of both large and small woody debris than 
random sites. Foraging areas also contained as 
much as 50% more downed trees than nest sites or 

random locations within home ranges. The volume 
of large woody debris was greater at nest sites than 
random sites and several significant comparisons 
occurred within age classes at foraging and nesting 
sites and random locations. Although estimates of 
the volume of woody debris were more variable 
than density estimates, foraging sites in managed 
stands contained from 150-200% more debris vol- 

ume than random sites of the same age classes. 
Canopy Structure. Canopies of all stands were 

dense, averaging >80% closure. Average crown 
volume increased with advancing stand age, but 
did not differ among foraging, random or nesting 
locations within home ranges, except that trees in 
the five foraging stands sampled that were 60-79 
yr of age contained smaller crown volumes than 
those at random sites (Table 5). Tree crown vol- 
ume was significantly lower at foraging sites than 
at random sites in stands <40-yr old. Average 
crown depth of trees at foraging sites was less than 
that in nest sites or random locations for stands 

<80 yr of age (i.e., Y/MS stands). 
The index of flying space beneath the forest can- 

opy increased with advancing stand age and was 
significantly less at foraging sites than at random 
sites within home ranges over' all age classes ½om- 

Table 3. Snag densities at Northern Spotted Owl foraging, nesting, and random locations, western Oregon. 

SNAG DENSITIES (No./ha + SE) 
AGE CLASS 

(yrs) FORAGING NESTING RANDOM P• OVERALL 

Large Snags (->50 cm dbh) 
25-39 4.4 ñ 

40-59 2.5 ñ 

60-79 7.0 ñ 

80-119 12.0 m 

->120 17.6 +- 
Overall 7.0 ñ 

Small Snags (<50 cm dbh) 
25-39 129 +- 39 

40-59 112 ñ 24 

60-79 91 ñ 13 

80-119 111 ñ 25 

120 79 ñ 30 
Overall 108 - 14 

1.4 n.d. b 2.1 ñ 0.6 0.1461 3.0 ñ 1.3 
1.5 5.5 ñ 1.9 6.1 ñ 1.8 0.271 4.1 ñ 1.1 

3.4 7.7 ñ 2.3 2.6 ñ 2.9 0.378 6.1 ñ 1.3 
2.1 6.1 ñ 1.3 9.6 ñ 1.9 0.0575 8.3 ñ 1.1 
4.1 12.5 ñ 4.1 5.3 ñ 3.7 0.1277 11.4 + 1.7 
1.1 7.0 ñ 1.0 4.7 ñ 0.9 0.0165 

n.d. b 125 ñ 18 0.9377 133 ñ 16 

124 ñ 29 171 ñ 31 0.5442 130 ñ 13 
91 ñ 13 53 ñ 16 0.5076 79 m 16 

92 ñ 17 77 ñ 24 0.4722 88 ñ 13 
70'ñ 26 52 ñ 23 0.5099 66 ñ 21 

100 ñ 12 126 ñ 13 0.5012 

Probability values in same row do not differ, as determined from ANOVA. 
No data. 
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Table 4. Average density and volume of large (•50 cm diameter) woody debris and volume of small (10-50 cm 
diameter) woody debris in Northern Spotted Owl foraging, nesting, and random sites, western Oregon. 

AGE CLASS 

(yr) FORAGING NESTING RANDOM pa OVERALL 

Density of Large Woody Debris (No./ha ñ SE) 
25-39 86 _ 27 n.d. b 65 - 12 0.4816 77 _ 12 
40-59 113 _ 16 73 + 18 62 --- 19 0.1022 82 + 10 
60-79 147 ___ 29 79 - 19 66 --- 24 0.0987 95 --- 12 
80-119 111 +_ 21 76 _ 13 82 + 19 0.3893 91 + 10 
120 139 a --- 22 55 + 22 65 - 20 0.0435 86 ñ 16 

Overall 117 • + 10 74 + 9 68 --- 8 0.0003 

Volume of Large Woody Debris (m3/ha ñ SE) 
25-39 184 ___ 55 n.d? 125 - 25 0.3377 186 + 35 
40-59 278 + 41 143 + 41 159 --- 50 0.0757 193 ___ 28 
60-79 368 • + 73 197 • + 49 115 c + 62 0.0476 216 + 35 
80-119 243 +- 65 218 --- 40 103 --- 57 0.1932 197 _ 29 
120 345 ___ 132 344 + 132 88 ñ 114 0.2821 252 + 47 
Overall 281 • --- 28 206 • + 25 123 c --- 23 0.0002 

Volume of Small Woody Debris (m3/ha ñ SE) 
25-39 28 a + 4 n.d. • 17 --- 2 0.0336 20 --- 3 
40-59 19 ___ 4 23 - 4 16 + 4 0.4706 19 + 2 
60-79 31 + 6 19 + 4 21 + 5 0.2884 24 + 3 
80-119 39 • + 6 17 • ___ 4 23 b + 5 0.0163 25 --- 92 
120 39 - 9 12 + 9 16 --- 8 0.1357 22 --- 4 
Overall 28 a ñ 2 19 • + 2 19 • --- 2 0.0031 

• Probability values in same row do not differ, as determined by ANOVA. Row values with different superscripts are significant at the 
level of probability indicated. 
b No data. 

Table 5. Comparison of canopy structure in stands used for foraging and nesting with random locations within 
Northern Spotted Owl home ranges, western Oregon. 

AGE CLASS 

(yr) FORAGING NESTING RANDOM P• OVERALL 

Average Crown Volume (m 3 ñ SE) 
25-39 197 • ñ 61 n.d? 303 ñ 31 0.0337 226 ñ 47 
40-59 253 ñ 30 228 ñ 98 352 ñ 49 0.1309 282 ñ 38 
60-79 292 • ñ 89 373 • ñ 88 571 • ñ 75 0.0369 424 ñ 47 
80-119 489 ñ 84 477 ñ 69 491 ñ 79 0.9857 487 ñ 39 

120 716 ñ 112 246 ñ 147 641 ñ 101 0.6344 536 ñ 63 
Overall 349 ñ 36 376 ñ 38 418 ñ 32 0.1564 

Average Crown Depth (m ñ SE) 
25-39 12.7 a ñ 1.4 n.d? 17.0 ñ 0.7 0.0113 15.4 ñ 1.0 
40-59 14.0 • ñ 0.5 17.1 • _+ 1.1 17.2 • ñ 0.7 0.0012 16.0 ñ 1.1 
60-79 14.4 • ñ 1.2 18.6 • ñ 2.5 21.3 • + 1.0 0.0013 18.0 ñ 1.0 
80-119 18.6 ___ 1.1 20.2 ñ 2.0 19.0 + 1.5 0.843 19.0 ñ 1.1 

120 20.4 ñ 1.6 14.5 --- 4.0 20.2 ñ 1.5 0.9161 18.1 ñ 1.5 
Overall 15.5 • ñ 0.6 18.3 b ñ 1.3 18.3 • ñ 0.5 0.0006 

Probability values do not differ, as determined from ANOVA. 
No data. 
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Table 6. Average distance from ground to lowermost whorls of branches on trees at Northern Spotted Owl foraging, 
nesting, and random locations, western Oregon. 

AGE CLASS 

(yr) 

AVERAGE DISTANCE (m + SE) 

FORAGING NESTING RANDOM /• OVERALL 

25-39 13.0 + 2.0 n.d. b 16.2 + 1.0 0.165 12.3 - 1.1 
40-59 13.8 a + 0.9 16.4 b - 1.3 20.2 c + 1.2 0.0003 16.6 - 0.8 
60-79 18.3 + 2.7 15.7 2 1.5 19.9 - 2.3 0.657 17.9 - 1.1 
80-119 22.2 a _ 1.8 17.4 b _ 1.1 29.0 c _ 1.7 0.0148 22.1 + 0.9 
>120 21.2 + 3.5 22.9 + 2.4 31.4 -+ 3.1 0.0681 25.3 2 1.4 
Overall 16.8 a + 1.1 17.4 a +-- 1.2 21.3 b --- 1.0 0.0026 

Probability foraging, nesting, and random values do not differ, as determined by ANOVA. 
No data. 

bined and for stands in the 40-59 and 80-119 year 
categories (Table 6). The same was true for nest 
sites in overall comparisons with flying space tend- 
ing to be less at nest sites. 

Understory Vegetation. We found no clear suc- 
cessional trends in understory vegetation cover. 
Cover of understory vegetation <0.5-m tall was sig- 
nificantly less at foraging locations than at random 

locations for most age classes (46.0 vs. 65.3%, P = 
0.001), but understory vegetation cover at nest sites 
generally did not differ from that at random loca- 
tions (Fig. 3, 66.2 vs. 65.3%, P = 0.894). Understo- 
ry cover in the other two height classes was more 
variable. In separate ANOVA comparisons that 
pooled stands in the two broader classes of Y/MS 
and LS/OG forests, foraging locations contained 

100 - 

80- 

60 

40- 

20- 

A. Herbs and shrubs <0.5-m tall 

Cover (%) 20 

lO 

B. Shrubs 0.5-2.0-m tall .....--e b 

,.. ........ •.-..-. ...... • .... ....•.. ---,• 

20 

10 

C. Shrubs >2.0-m tall 

25-39 40-59 60-79 80-119 > 120 

Figure 3. Comparisons by ANOVA of successional trends among foraging areas (squares), nest sites (triangles), and 
random locations (dots) for three understory cover classes within Northern Spotted Owl home ranges. Superscripts 
indicate within-age class comparisons that were statistically different at Type-I error probabilities of <0.05 (a) and 
0.05-0.10 (b). 
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less understory vegetation cover 2.0 m in height 
than did nest sites and random locations in Y/MS 

forests (64.3% vs. 89.2% and 89.6%, P < 0.040). 
Understory cover at nest sites did not differ from 
random locations within Y/MS and LS/OG classes. 

DISCUSSION 

Most forest stand structures increased in abun- 

dance with advancing forest succession and prob- 
ably influenced the choice of Y/MS forests by 
Northern Spotted Owls for nesting and foraging 
habitats. The most important stand structures in 
influencing habitat use were the amount of woody 
debris and, less consistently, the number of large 
snags at foraging sites and large-diameter trees at 
nest sites. The direct connection of standing and 
downed dead trees to owl biology probably occurs 
through the relationship between dead wood and 
the owl's prey. This appears particularly likely for 
northern flying squirrels (Glaucomys sabrinus), 
which are associated with snags (Carey 1995) and 
are the primary prey for owls in forests similar to 
those we studied (Forsman et al. 1984). Northern 
flying squirrel abundance in Y/MS forests may 
equal that of LS/OG forests if old-forest legacies 
(i.e., large trees and snags and downed wood de- 
bris) are present and understory vegetation is rel- 
atively well-developed (Carey 1995). Many other 
small forest mammal prey of Spotted Owls also are 
associated with coarse woody debris on the forest 
floor (Maser and Trappe 1984, Carey 1995, Carey 
and Johnson 1995), such as woodrats (Neotoma 
spp.), deer mouse (Peromyscus maniculatus), Town- 
send's chipmunk (Tamias townsendii), and western 
red-backed vole (Clethrionomys occidentalis). 

Although owl foraging occurred in a broad array 
of structural conditions across all successional spec- 
tra, conditions of nesting sites were more specific. 
For example, foraging occurred in stands as young 
as 27 yr, whereas nesting occurred in stands •45 
yr. Further, 50% of the nests were in LS/OG 
stands, which comprised •10% of the study area, 
and trees containing nests in Y/MS stands were of- 
ten much older than trees that typified the nest 
stands. Finally, understory vegetation •2.0-m tall 
did not influence nest-site choice but did influence 

use of foraging sites. 
Densities of live trees and small and large snags 

varied with advancing succession at sites used fre- 
quently for foraging, which was expected due to 
competition among trees during the course of for- 
est development (Oliver and Larson 1990). There- 

fore, most of the stands we sampled were classified 
as within the stem-exclusion or understory reinitia- 
tion phases (0liver and Larson 1990) of forest suc- 
cession. However, most of the repeatedly-used for- 
aging stands also contained structural legacies 
from previous forests, including large trees, large 
snags and large woody debris, and many nesting 
sites classified as being in 60-, 80-, or 120-yr old 
stands met several of the structural components 
defining old-growth forests in the Western Hem- 
lock Zone (Franklin et al. 1981, Old-Growth Defi- 
nition Task Group 1986). Similarly, densities of 
trees 80 cm dbh in most of the stands )80 yr of 
age met the large-tree criterion of the definition 
of old-growth forests, or 20 such large trees/ha 
(Franklin et al. 1981, Old-Growth Definition Task 
Group 1986). In fact, some of the stands that were 
60-79-yr old also contained enough trees 80 cm 
dbh to meet the large-tree criterion used to define 
old-growth forest. This was particularly true for 60- 
79-yr old, repeatedly-used foraging stands which av- 
eraged 19 large trees/ha. Such large-diameter 
trees were not necessarily old, although some were 
old-growth residuals from previous stands, and oth- 
ers were broken-topped, old-growth western hem- 
lock trees that did not protrude through the over- 
story canopy. 

Because sites that we measured were used fre- 

quently for foraging or for nesting and were within 
core areas (i.e., areas disproportionately used with- 
in home ranges), structural features of stands 
might be important determinants of habitat selec- 
tion of Northern Spotted Owls. Indeed, several var- 
iables exhibited little variation across all age classes 
of stands within core areas. All stands that were 

repeatedly used contained dense forest canopies 
()80% cover, as estimated by a spherical densitom- 
eter) and had well-developed understory vegeta- 
tion. All but the youngest sites contained large vol- 
umes of coarse woody debris, 1 large snag/ha, and 
at least a few live trees )80 cm in diameter. "Flying 
space," which varied as expected with advancing 
succession, was consistently lower at foraging and 
nesting sites than at random locations. 

We were not certain why "flying space" was low- 
er at foraging sites, even though tree diameters 
and crown volumes were the same as at random 

locations. It was possible that the lower-slope posi- 
tions and east and northern aspects of foraging 
sites may have influenced the development of tree 
crowns there because of the limited amount of sun- 

light they receive. In such topographic conditions, 
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trees do not self-prune as rapidly as in other to- 
pographic settings (Oliver and Larson 1990), so fly- 
ing space would be lower. In this case, the reduced 
flying space in foraging sites was simply a conse- 
quence of their use of lower topographic locations 
in the habitat. 

We are also unsure what can be inferred from 

the information on understory vegetation cover, 
the total of which generally was less at foraging 
sites than at random and nesting locations. The 
differences did not appear to be caused by varia- 
tion in sampling nest sites. Our results were con- 
trary to those of Carey (1995) who suggested use 
of silvicultural manipulations to increase erica- 
ceous shrubs which would accelerate growth of 
Northern Spotted Owl habitat in areas where LS/ 
OG is lacking, but they were similar to those of 
Solis and Gutierrez (1990) who found less shrub 
and herb cover at frequently-used Northern Spot- 
ted Owl foraging sites in northern California and 
those of Call et al. (1992) who found less herba- 
ceous cover at owl sites than random locations for 

California Spotted Owls (S. o. occidentalis). We pre- 
sume that Spotted Owl response to understory veg- 
etation may be unimodal or asymptotic with gra- 
dients of understory vegetation cover and with 
variation in abundance or access to small mammal 

communities. There is evidence of such nonlinear 

responses by small mammals to gradients of un- 
derstory vegetation density and composition (Ca- 
rey 1995). If so, it seems possible that understory 
vegetation can be either too sparse, resulting in 
low prey densities, or too dense, thereby impeding 
access by owls to prey. The management applica- 
tion of this is to maintain patchy understories pro- 
viding prey that are both abundant and accessible 
to owls. 

Northern Spotted Owls used Y/MS forests sub- 
stantially more frequently than reported by Fors- 
man et al. (1984) and Carey et al. (1990) for Spot- 
ted Owl home ranges elsewhere in western 
Oregon. Such differential use of habitats by raptors 
may be due to local and structural differences in 
preferred habitats (Mosher et al. 1986). In the 
managed-forest landscape that we studied, stand 
structural differences were the most important 
habitat features determining use by Northern Spot- 
ted Owls. For example, turn-of-the-century wild- 
fires left large legacy trees and timber harvesting 
about 60 yr prior to our study left cull or seed trees 
across the landscape. Both types of disturbance 
provided numerous snags and downed structural 

legacies. Also, the area contained frequent pockets 
of root-rot (Armillaria spp.) that resulted in large 
piles of downfall. 

We believe our information merits judicious ap- 
plication in forest management strategies, which 
increasingly strive to protect wildlife by applying 
information from stand- to landscape-levels. Re- 
cent examples include the conservation strategy 
for federal timberlands in the range of the North- 
ern Spotted Owl (Thomas et al. 1993) and that 
described by Hicks et al. (1999) for managed, pri- 
vate timberlands. Doing so requires an understand- 
ing of both the diversity of forest stand structures 
used by owls and silvicultural procedures than can 
create them within the context of natural distur- 

bance and timber management. Northern Spotted 
Owls apparently discriminate and select among Y/ 
MS stands on the basis of stand-structural differ- 

ences; therefore, providing these structures should 
be important parts of prescriptions for enhancing 
the value of young stands. Our information could 
help forest managers assess the value of future hab- 
itat, allowing them to schedule management activ- 
ities across landscapes. We believe that extensively- 
managed Y/MS landscapes could contribute 
significantly to the long-term persistence of North- 
ern Spotted Owls. Until such contributions are 
demonstrated to support viability, we strongly cau- 
tion against drawing the inference that Y/MS for- 
ests with structural legacies might be an equivalent 
substitute for LS/OG forests. 

Solis and Guti6rrez (1990) predicted that studies 
of Northern Spotted Owls in managed landscapes 
would show use of habitats that structurally resem- 
ble old-growth forests. Indeed, we found that Spot- 
ted Owls selected large, old trees for nests and that 
they selected foraging areas on the basis of coarse 
woody debris and understory vegetation in a man- 
aged landscape dominated by Y/MS stands. This 
information provides additional support for habi- 
tat restoration as part of a strategy for recovery of 
the Northern Spotted Owl (Carey 1995) and for 
blending goals of a forest-based economy with 
those of a healthy biotic community. 

Silvicultural prescriptions could accelerate de- 
velopment of habitat for owls and perhaps other 
species that frequent LS/OG forests. We suggest 
that foraging habitat should contain seven large 
(40 cm dbh) snags/ha and 280 m3/ha of coarse 
woody debris, based on averages for 26 repeatedly- 
used sites in Y/MS forests in forest patches 16 ha 
in size. These values are similar to those of North 
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et al. (1999), who worked with Northern Spotted 
Owls in unmanaged forests and those of Buchanan 
et al. (1999), who recommended some 10 large 
snags/ha based upon 16 telemetry points in young 
forests in western Washington. Noting that both 
small- and large-diameter woody debris apparently 
influenced use for foraging, we wonder if equiva- 
lent amounts of small-diameter logging residue 
might be piled to create woody debris. Doing so 
would constitute a topic for experimental research. 
Foraging success by Northern Spotted Owls may be 
optimal in stands with a mix of canopy gaps and 
patchy ground cover (Carey 1995). Thus, precom- 
mercial thinnings in patches might support forag- 
ing in such areas by maintaining understory vege- 
tation (Omule 1988, Carey and Curtis 1996), as 
long as total understory cover does not exceed 
about 75-80%. Skillful applications are required in 
our area because salal (Gaultheria shallon) may 
quickly form dense patches that exclude both her- 
baceous and tree-seedling establishment (Huffman 
et al. 1994). Nesting habitat involves more ad- 
vanced successional development. Silvicultural pre- 
scriptions for providing suitable nest sites in man- 
aged forests could be facilitated by thinning to low 
densities (Tappeiner et al. 1997) and retaining 
small patches (perhaps 4 ha) that include large leg- 
acy trees. We recommend prescriptions that can 
ensure presence of 4 such trees/ha after a stand 
age of 40 yr, based upon the observation that only 
a few nesting stands contained <3 trees/ha >80 
cm dbh. Because physical features such as topog- 
raphy and elevation influence use of foraging sites 
by Spotted Owls (Haufler and Irwin 1993), silvi- 
cultural manipulations should vary with topo- 
edaphic conditions. For example, we found that 
Spotted Owls used areas on the lower half of slopes 
and near riparian areas most often for foraging (Ir- 
win 1994). Carey and Peeler (1995) also found sig- 
nificant use of lower-slope positions by Northern 
Spotted Owls in western Oregon. Therefore, man- 
agement of these areas should be site-specific to 
ensure their integrity. 
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