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Over one third of the earth’s land surface has Imeedified to some extent for
agricultural purposes. The large global footpahagriculture, combined with the
knowledge that existing reserve networks are likesyfficient for long-term
conservation of native biodiversity, has necessitahat agricultural systems
contribute to conservation of native biota. Cutm@search paradigms have taken a
landscape-level view of conservation in agricultssstems, assessing the relative
contribution that various habitat elements makeanserving biodiversity in the
agricultural matrix. Within this context, | invégated the potential role that
individual Oregon white oakjuercus garryangtrees play in conserving avian
diversity in the agricultural systems of the Willette Valley, Oregon, U.S.A.
Retained by landowners primarily for cultural reasanany of these trees pre-date
Euro-American settlement of the Willamette Valleyahus are biological legacies
from historic white oak habitats. | compared avwi@e of isolated white oak trees in
three different site contexts - croplands, pastuaed oak savanna reserves - and used

an information-theoretic model selection approactdtermine the relative



importance of site-specific and landscape-leveiiacthought to influence avian use
of these individual trees. Specifically, | testldether avian species presence on
Oregon white oak legacy trees could best be exgidly: (i) tree architecture; (ii) the
distance of the tree to the nearest tree or péthhe density of trees in the
surrounding landscape; or (iv) the matrix in whilkth tree was embedded. | evaluated
species-specific responses as well as four commleviel responses: (i) total bird
species richness; (ii) species richness of nafings lassociated with oak savanna; (iii)
species richness of tree foraging birds; and fig)dombined species richness of
aerial- and ground-foraging birds. | sampled 3bvidual white oak trees and
recorded 47 avian species using these individaaktrincluding a high number of oak
savanna-associated species such White-breastedtbluiBitta carolinensisand
Chipping Sparrow$pizella passerina For the majority of these species, the
frequency of use of individual oak trees was simal@ong crop, pasture and reserve
sites. The most important factors for predictingaa use were tree size and tree
density in the surrounding landscape. In genakadn use increased with increasing
tree size and decreasing tree density. My findsuggest that individual white oak
legacy trees have the potential to positively abote to landscape-level conservation
of a wide range of avian species within the Willtim&alley. Due to the declining
abundance of white oak legacy trees on the lanésthe conservation of existing
legacy trees and the recruitment of younger reptace trees should be a

management priority.
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CONSERVING AVIAN DIVERSITY IN AGRICULTURAL SYSTEMS: THE
ROLE OF ISOLATED OREGON WHITE OAK LEGACY TREES

CHAPTER 1: INTRODUCTION

Agricultural conversion of natural environmentsimajor factor in the current
global decline of biodiversity (Krebs et al. 19989man et al. 2001, Foley et al. 2005).
Approximately half of the earth’s habitable land leeen modified to some degree for
agricultural purposes (Clay 2004) and current tsesiejgest that the global
agricultural footprint could increase by a furti®2 by 2050 (Tilman et al. 2001).
This high degree of agricultural impact on the wiwriterrestrial ecosystems suggests
that conservation of global biodiversity can nogenbe solely focused on nature
reserves and protected areas (Fischer et al. 2@0®lermeer & Perfecto 2007).
Moreover, in many highly modified landscapes, engsteserve networks may be
insufficient for long-term conservation of nativiediversity (Brooks et al. 2004,
Rodrigues et al. 2004). Consequently, an emengisgarch theme in conservation
biology has been the assessment of factors thaadtg important for conserving
biodiversity in agricultural systems (e.g. Harvéyak 2006, Sekercioglu et al. 2007,
Billeter et al. 2008, Haslem & Bennett 2008).

Since agricultural conversion of natural landscapssilts in habitat loss and
fragmentation, early research paradigms appli@hisbiogeography theory to assess
the role of habitat remnants in conserving natieeliversity in human-modified
ecosystems (Saunders et al. 1991, Andrén 1994% ifitial pattern-based approach

focused on the spatial distribution of habitat ramts and employed a binary system
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of “habitat” and “non-habitat”, thus assuming théervening matrix to be inhospitable
to native biota. Subsequent research has recabthae this initial fragmentation
model is often too simplistic for explaining specaistribution patterns in human-
modified landscapes. Rather than sharp distinstimtween habitat and non-habitat,
human-modified landscapes often consist of hafiadients that are dependent upon
the intensity of land-use in the surrounding matk#cintyre & Hobbs 1999). These
habitat gradients exist at multiple spatial scalgl patch-level and landscape-level
patterns of habitat heterogeneity and structuraipiexity affecting species
assemblages in small habitat remnants (Tscharhtkie 2002, Tews et al. 2004).
Species distribution patterns are further influehlog species-specific biological
processes (e.g. foraging behavior, dispersal gbdid broader ecological processes
(e.g. changes in climate and disturbance reginbesh, of which can interact with the
spatial pattern of habitat remnants (Lomolino 2d&6¢her & Lindenmayer 2006,
Kupfer et al. 2006). Consequently, current redeperadigms explicitly incorporate
spatial pattern, matrix composition and ecologprakesses into a more holistic
“continuum” model (Manning et al. 2004b, Fischet&denmayer 2006). Within
this holistic landscape-level view, a primary reasbedheme is the assessment of the
relative contribution that various landscape eleimemake in conserving biodiversity
in agricultural systems (Daily 2001).

Within this context, | investigated the potentiale that isolated legacy trees
play in conserving avian diversity in a North Anoam agricultural system. In many

agricultural areas, biological legacies from higtdvabitats exist in the form of
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scattered large trees which have often been retdapéandowners for cultural reasons
(Harvey & Haber 1999, Fischer & Bliss 2008). Altigh there is a paucity of studies
within the U.S., previous studies in tropical angs&alian agricultural systems
demonstrate that isolated legacy trees provide mmsescological functions that are
important to avian populations in agricultural gyss including landscape
connectivity for woodland species (Fischer & Lindeyer 2002b), foraging sites
(Luck & Daily 2003), and nesting sites for cavitggkndent species (Manning et al.
2004a). When assessing the entire range of ecallofginctions provided by scattered
trees, Manning et al. (2006) further suggestsiftdated trees be considered keystone
structures in human-modified landscapes becausgeeit@ogical influence is
disproportionate to their actual physical footpontthe landscape. A critical
management issue in scattered tree landscapedéseiomine an appropriate spatial
pattern of trees that best maintains landscapé-eediversity and characteristics of
trees that best provide wildlife habitat.

In this study, | compared avian use of isolatedgOnewhite oak Quercus
garryang legacy trees in three different landscape costexthin the agricultural
matrix of the Willamette Valley, Oregon, U.S.A. rkher, | evaluated the relative
importance of site-specific and landscape-leveiiacthought to influence avian use
of these individual trees. Specifically, | testeldether avian use could best be
explained by: (i) the architecture of the treelff4@) the distance of the tree to the
nearest tree or patch, (iii) the density of fomsbak-specific vegetation in the

landscape surrounding each tree, or (iv) the matrixhich the tree is embedded. |



4
investigated species-specific responses and faunumity-level responses: (i) total
bird species richness; (ii) species richness aVedtirds associated with oak savanna;
(iif) species richness of tree foraging birds; &ndl species richness of birds foraging

away from the tree (aerial and ground foragers).



CHAPTER 2: METHODS

Study Area

| conducted the study in the southern half of thidamette Valley, which lies
between the Cascade and Coast Ranges in westaggarOr&éhe Valley (elevation 70
— 120 m) has a Mediterranean temperate climateactaaized by long wet winters
(mean annual precipitation = 110.9 cm) and shgrsdmmers (OCS 2006). The
Valley contains the state’s three largest citie$ isrhome to ~70% of its human
population (Baker et al. 2004). Outside of urbavetigpment, the predominant land
uses in this part of the Valley are grass seedymtomh and, to a lesser extent,
livestock grazing.

Prior to Euro-American settlement in the 1850’s|jtevloak open-canopy
woodland and savanna habitats were prominent visgetgpes in the landscape
mosaic of the Willamette Valley, occupying xeritesiabove riparian bottomland
forests but below higher elevation conifer stanidslénius 1968, Johannessen et al.
1971). In the last century, the extent of the 8#8 white oak savanna has declined to
less than 1% of its historic range, making it ohthe most imperiled ecosystems in
North America (Noss et al. 1995, Vesely & Tucke0200ODFW 2006). Agricultural
conversion, urban expansion, and conifer invagsiomfthe cessation of historic fire
regimes have been cited as primary factors ingtasipitous decline (Johannessen et
al. 1971, Towle 1983, Vesely & Tucker 2004). Mudlihe Valley’s remaining white

oak savanna habitats are now found on private Jawtsirring in small, fragmented
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patches or in the form of scattered large treesR@2006). Many of these large
trees pre-date Euro-American settlement of theeyadind thus are biological legacies
from historic white oak habitats.

| sampled individual white oak legacy trees in ¢éhdéferent landscape types
that represent the current rural landscape mosaied/Nillamette Valley: croplands,
pastures, and oak savanna reserves. Study sitedogated on both private and
public lands. Criteria for site selection thereforeluded the ability to gain access to
sites on private lands. The sites selected encesegeaa geographic area that extended
from Salem in the north to just south of Eugen€$83- 4454, 12253’ - 12322;

Fig. 1).

Cropland sites were predominantly grass seed ptimthuitelds with the main
crop species being annual ryegrdsdigm multiflorun), perennial ryegrasg ¢lium
perenng and tall fescueHestuca arundinacga Four of the cropland sites were
nursery operations where small saplings (<1.5 rh)od maple Acerspp.), Douglas
fir (Pseudotsuga menzigsiand noble fir Abiesprocerg were grown. Pasture sites
were either sheep or cattle grazed with the predantiforage species being perennial
ryegrass, tall fescue, orchard gra3adtylis glomerat and clover Trifolium spp.).
Savanna reserves consisted of sites that weresgcimanaged to replicate historic
oak savanna conditions. Reserve sites were cleaizedd by a diverse understory of
grasses and forbs interspersed with shrubs of Hiyaal blackberryRubus discolor

poison oak Toxicodendron diversilobunand wild roseRRosaspp).



Washington

Willamette Valley

California

Figure 1: Location of the Willamette Valley in teate of Oregon. Dark grey area
represents geographic extent of study area.
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Within each site type, | identified white oak legdrees as those trees whose
morphology is characterized by an open-grown “mosin’-shaped canopy with
thickened lateral limbs (Peter & Harrington 2002)I potential trees within a site
were evaluated for their structural characteriggcg. height, basal area, and canopy
structure) and relative isolation in an effort &bext a final sample that represented the
variation in these attributes within the study ar&ar cropland and pasture sites, only
one tree was selected per site. For reserve giefimited number of oak savanna
reserves within the Valley necessitated the seleaif multiple trees per site. To
prevent double counting of birds within reservesivith multiple study trees, |
selected individual trees that were separated bgaat 250 m. The mean distance
between all pairs of trees was 39.73 km (range-8803 km). In total, 35 trees
were selected with 13 trees situated in croplab8sn pastures and 9 in reserves.
Avian Surveys

| conducted avian surveys between 15 May and 12008. Within this time
period, | surveyed each tree five times. Sitesvgeouped into six routes that allowed
between four to seven trees to be surveyed eachAldgr completion of the first
survey of all trees, the order in which routes wareseyed was randomized.
Additionally, the direction of routes was reversgdsubsequent surveys so that sites
were not always surveyed at the same time of day.

Surveys took place on calm weather days (i.e. moarad wind < 15 kph)
between 0600-1000 when birds are most active and easily detected. Each survey

consisted of observing the tree for five minutesach of the four cardinal directions



9

at a distance of approximately 30 m. | recordediatl species that physically landed
on the tree. In an attempt to describe how birdsuaing individual legacy trees, |
documented the primary behavior for each bird detgeecording singing, foraging,
perching and nesting behaviors. At the end oRtheninute observation period, |
visually inspected the inner canopy of the treeifar minutes from the base of the
tree and recorded any previously undetected birds.
Tree Architecture

To capture variation in tree architecture, | depeldtwo structural indices: a
tree size index and a tree complexity index. Fee size, | used an index similar to
Fischer & Lindenmayer (2002ay multiplying tree heighfm) by basal areém?) and
canopy volumém?®). This product was divided by 10,000 to rescaitiitial values
to smaller numbers for convenience in later datdysis. For each tree, | estimated
tree height using a hand-held laser range findémamasured diameter-at-breast
height to calculate basal area. | estimated canofyyme using a program called Tree
Analyser (Phattaralerphong & Sinoquet 2006). Tlogmam computes canopy volume
for isolated trees by creating a virtual 3-D rec¢angion of the canopy from multiple
binary digital photographs. Canopy volume is thstimated by the proportion of
voxels (3-D pixels) that contain canopy vegetatibnsed four photographs per tree
taken in each of the four cardinal directions whawssible. The program, however,
does allow for geographic variation in picture lb@a in situations where a suitable
background could not be achieved in a true cardlimattion. Photographs were

processed into black-and-white bitmap files foruhmto Tree Analyser using
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program GIMP version 2.2.(GNU Image Manipulation Program,

http://www.gimp.org.

| developed the tree complexity index to captwagation in structure beyond
the tree’s physical size. This complexity indexhis summation of three categorical
variables each scored on a scale of one to founbeun of dead limbs (0-5 deadlimbs
=1; 5-15 = 2; 15-20 = 3; 20+ = 4), number of nagik patches (0-5 patches = 1; 5-15
= 2; 15-20 = 3; 20+ = 4), and lichen cover (nonk sparse = 2; abundant = 3;
superabundant = 4). In general, this complexitiexyields higher scores for older
trees that have developed increased structuratsiiyend thus may have an
increased number of foraging niches (Mazurek &AwHi 2004).

Because Oregon white oak trees are an importantead cavities for cavity-
nesting birds (Gumtow-Farrior 1991; Viste-Sparkr2@05), | also recorded the
number of cavities visible on each tree.

Landscape Variables

To determine how the spatial context of an indreictree affected avian use, |
measured two landscape factors: the distance bfsady tree to the nearest tree and
patch (defined as >5 contiguous trees); and thsities of forest and oak-specific
vegetation in the surrounding landscape. To es#rtreg distance to the nearest tree
and patch, | used a hand-held laser range findineifield for distances 150 m. For
distances beyond 150 m, | used the ruler functiofircGIS to estimate distances
from digital orthophoto quad maps taken from thary2000 (1-m resolution; OGEO

2007).
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Within ArcGIS, | estimated both forest and oak<€spe vegetation densities
surrounding each study tree at multiple spatiattst using recent Willamette Valley
vegetation maps (1:24,000 scale; NHI 2007). Wlaoutating forest vegetation
density, | included all polygons classified as sineegardless of tree species
composition. Because the avian community compmsiif conifer-dominated forests
can differ markedly from the avian community asateml with oak woodlands (Hagar
and Stern 2001), | calculated oak-specific vegatatiensities by excluding polygons
that had an oak component of <25%. In both faaastoak vegetation density
estimation, | used 50-m buffer increments for tingt L000-m, 100-m increments for
the next 1000-m, and then 500-m increments to amanr buffer of 5000-m. For
community-level responses, | used program Focudightibet al. 2004) to determine
the spatial scale at which each community moshgtyoresponded to each vegetation
variable. Program Focus iteratively samples sghsfespatially independent (e.g.
non-overlapping) data points and fits a regresbmanto each subset to create a
distribution of model fit statistics. | considertek spatial scale with the highest mean
R? value to be the characteristic scale of respomsegch community. | used a
similar approach for species-specific responseseigcting the spatial scale that had
the lowest deviance from repeated logistic regogsanalyses.
Data Analysis

For the initial phase of data analysis, | evaluateéther the probability of
detecting a bird on an individual tree varied amsitgs. The main variable thought

to affect avian detection probabilities among sites the relative size of the tree’s
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canopy (e.g. large-canopied trees would have arldetection probability). Given
the uniqueness of surveying a single tree for aus® | used a novel approach to test
for heterogeneity in detection probabilities betwéege- and small-canopied trees.
Recently developed methods for assessing detgatababilities (e.g. MacKenzie et
al 2006) could not be used because a single tpresents a small proportion of a
typical passerine bird’s home range; therefore pnary absences by birds that
otherwise might use these individual trees woutdate the closed-population
assumption of these methods. | pooled the dati@ediive smallest-canopied trees and
the five largest-canopied trees and used Estim@&eBvell 2006) to generate sample-
based rarefaction curves of species accumulatioedch tree type. Rarefaction
curves are created by repeatedly re-sampling tbegsondividual detections at a
given site type to create a smooth curve, or siEdisexpectation, of species
accumulation (Gotelli & Colwell 2001). A differenae the slopes of the rarefaction
curves between the two tree types could thus leegreted as a difference in detection
probabilities. For example, if small-canopied sr@dowed for increased visibility of
birds using these trees, then this increased datgatobability should be reflected in
a steeper rarefaction curve for small-canopiedstree

For species-level analyses, | assessed only tipesges that were detected at a
minimum of five sites. For each of these spediased Fisher’'s Exact test to
compare the proportional use of trees situatedjiicaltural sites versus trees in oak
savanna reserves. For community-level analysamdidered all species detected

with no minimum site detection threshold. Speewese assigned to each community
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groupa priori from a list of potential birds thought to use \Mfitiette Valley oak
habitats based on Altman et al. (2001) and Margall. (2003). | assessed four
community responses: (i) total species richnegssfecies richness of native birds
associated with oak savanna; (iii) species richnés®e foraging birds; and (iv) the
species richness of birds that predominantly foagay from the tree (“non-tree
foraging species”). Native oak savanna speciémess excluded invasive species
such as European Starling as well as generalistegpsuch as American Robin (see
Table 1 for species assignments and scientific sam@ree foraging species included
species that are either foliage gleaners (e.g kBt@aded Grosbeak) or bark gleaners
(e.g. White-breasted Nuthatch). Western Wood-pemaeealso included in the tree
foraging group since having a tree in which to pescintegral to its short sally fly-
catching strategy. Non-tree foraging species oetuaerial foragers (e.g. Tree
Swallow), ground foragers (e.g. Savannah Sparrom)ggneralist species (e.g.
Western Scrub Jay).

For comparing community-level responses to theetlite types, | used
EstimateS to calculate Mao Tau expected specikaegs functions for each site type
(Colwell 2006). The Mao Tau species richness egtincreates rarefaction curves of
species accumulation analytically without re-sanglihe data thus allowing estimates
of unconditional variance. The resulting rarefactcurves allow comparison of
species richness estimates at a similar sampliogt @hen sample sizes are unequal

or when the number of individuals encountered isven (Gotelli & Colwell 2001).
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| pooled the data from the five visits for eacle sihd considered each site as a sample,
thereby creating nine reserve samples, 13 pastmples and 13 crop samples.

To evaluate how the explanatory variables influeneaan use of these
individual trees, | used a two-stage informatioaettetic model selection approach
(Burnham & Anderson 2002). Prior to model develept, | used Pearson’s
correlation coefficient to evaluate for potentiatelation (> 0.70) among the
variables within the four explanatory factors @erarchitecture, distance, vegetation
density, and site type. The variables describmegdensity of forest vegetation and
the density of oak vegetation in the landscape \waylely correlated (r = 0.89) and
thus these two variables were not included in #mesmodel. None of the other
variables were strongly correlated. | thereforeetigped the followinga priori
models describing the tree architecture, distandevagetation density factors using
Poisson log-linear regression for the communityelepecies richness responses and
logistic regression for the species-level preséralssence responses:

I.  Tree architecture
Avian use = tree size index + foraging complexitgi@x + cavities
ii. Distance
Avian use = distance to nearest tree
and
Avian use = distance to nearest patch
iii.  Vegetation density

Avian use = forest vegetation density at charastierscale of response



15
and

Avian use = oak vegetation density at charactersstale of response

| evaluated each model using Akaike’s Informatinterion with a small
sample size correction factor (AJC In the first stage of model selection, | sedelct
the model with the lowest AlGralue as the most parsimonious model for eaclorfact
For tree architecture, | evaluated all subsett®full three-variable model. For the
distance and density factors, | assessed the tmpeting models within each of these
factors.

In the second stage of model selection, | combthedop model for each
factor along with an indicator variable for theegjor matrix) type and fit this model to
the data:

Avian use = top tree architecture model + top distamodel + top vegetation

density model + matrix indicator variable
For this model, the matrix indicator variable wasegjorical with the reference
variable being oak savanna reserve. | ran alledslasf this model to arrive at an
overall best model for each species-specific amdnsonity-level response.
Following Burnham and Anderson (2002), | considdoednference those models
that were within 2 AIC units of the top model armhpared model weights] among
this set of top models. Model weight can be cagr&d to represent the relative
probability that the model under consideratiorhis best approximating model:

Model weight @) = %51 / 3 g5
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WhereAi is the number of AIC units modeis away from the top
model.
Given my small sample size, | report 90% confideintervals for parameter estimates
to further assess the weight of evidence for argimedel and the likely values of its
explanatory variables.

During this stage of analysis, | also assessedelave importance of the four
factors (tree architecture, distance, vegetatiorsiie and matrix). A relative
importance valuéo.(i)) for each factor can be calculated by summingikaike
weights of all the models that contain a partictdator:

Relative factor importanae.(i)) = o; for all models that contain factor
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CHAPTER 3: RESULTS

| recorded 47 avian species using the selectedithdil trees from 528
detection incidents during surveys conducted batviéeMay and 30 June 2007
(Table 1). European Starling (n = 20 sites) wasntiost frequent species encountered
followed by American Robin (n = 18) and Americanl@imch (n = 17). Among
native oak savanna associates, American GoldfindhLazuli Bunting (n = 11) were
observed at the largest number of sites. Bullo€kisle (n = 10) was the most
frequent tree foraging species. The majority @&csps individually were detected at
less than 10 sites (Table 1). Of the 23 specitectixl using at least 5 sites, only 8
species occupied a higher proportion of reseres $itan agricultural sites with Lazuli
Bunting, Spotted Towhee and House Wren most stycaggociated with reserves.

The most prominent behavior recorded for birds giivese individual trees
was perching or roosting (n = 266 observationdp¥edd by foraging (n = 105) and
singing (n = 73). Eight species were using thadesidual trees for nesting including
American Goldfinch, American Robin, Cedar Waxwikgyopean Starling, House
Wren, Tree Swallow, Violet-green Swallow, and Westeanager. Evidence for
nesting was either direct observation of the rtestfior repeated observations of adult

birds bringing nesting material into the tree.



Table 1: Avian species detected using isolatedendak legacy trees in the 3 matrix site typesm@og@ortional reserve site
use versus agricultural site use in the southeliakivette Valley, OR between 15 May and 30 June 28pécies are
presented in taxonomic order. Ax (n the first three columns indicates the commugryup(s) to which a species was
assigned. Numbers under the Site Type headingatelthe number of sites where detected. Numbetmilast two columns

refer to the proportion of reserve sites or agtigal sites (combined crop and pasture) used.

Site Type
Oak Tree  Non-tree Reserve Pasture Crop Total Reserve Ag
Savanna Forager Forager
Species Associate (n=9) (n=13) (n=13) Sites Use? Use®
Turkey Vulture X 0 2 0 2 0.00 0.08
(Cathartes aura
Red-tailed Hawk X 0 3 2 5 0.00 0.19
(Buteo jamaicens)s
American Kestrel X 0 1 3 4 0.00 0.15
(Falco sparveriuy
California Quail X 1 1 1 3 0.11 0.08
(Callipepla californicg
Mourning Dove X X 0 1 2 4 0.00 0.12
(Zenaida macrourp
Acorn Woodpecker X X 0 1 0 1 0.00 0.04
(Melanerpes formicivorys
Hairy Woodpecker X 1 0 1 2 0.11 0.04
(Picoides villosus
Northern Flicker X X 0 0 1 1 0.00 0.04

(Colaptes auratus

Continued
[ee]



Table 1 (continued)

Site Type
Oak Tree Non-tree Reserve Pasture Crop Total Reserve Ag
Savanna Forager Forager
Species Associate (n=9) (n=13) (n=13) Sites Use? Use®
Western Wood-pewee X X 3 3 3 9 0.33 0.23
(Contopus sordidulys
Western Kingbird X X 0 1 0 1 0.00 0.04
(Tyrannus verticalis
Western Scrub Jay X X 3 2 1 6 0.33 0.12
(Aphelcoma californica
Common Raven X 0 1 0 1 0.00 0.04
(Corvus corax
American Crow X 0 1 3 4 0.11 0.15
(Corvus brachyrhynchgs
Violet-green Swallow X X 0 1 0 1 0.00 0.04
(Tachycineta thalassina
Tree Swallow X X 0 1 1 2 0.00 0.08
(Tachycineta bicolgr
Black-capped Chickadee X 3 2 2 7 0.33 0.15
(Poecile atricapillg
Bushtit X 0 1 0 1 0.00 0.04
(Psaltiparus minimus
Red-breasted Nuthatch X 1 0 0 1 0.11 0.00

(Sitta canadens)s

Continued ~
(o]



Table 1 (continued)

Site Type
Oak Tree  Non-tree Reserve Pasture Crop Total Reserve Ag
Savanna Forager Forager
Species Associate (n=9) (n=13) (n=13) Sites Use? Use®
White-breasted Nuthatch X X 0 3 5 8 0.00 0.31
(Sitta carolinensis
House Wren X 4 1 0 5 0.44 0.04
(Troglodytes aedgn
Western Bluebird X X 0 1 0 1 0.00 0.04
(Sialia mexicana
American Robin X 3 9 6 18 0.33 0.58
(Turdus migratoriup
Swainson’s Thrush X 0 1 0 1 0.00 0.04
(Catharus ustulatys
European Starling X 4 10 6 20 0.44 0.62
(Sturnus vulgariy
Cedar Waxwing X 0 2 3 5 0.00 0.19
(Bombycilla cedrorum
Orange-crowned Warbler X 0 1 0 1 0.00 0.04
(Vermivora celata
Yellow Warbler X 3 1 0 4 0.33 0.04
(Dendroica petachip
Common Yellowthroat X 4 2 1 7 0.44 0.12
(Geothlypis trichap

Continued ro
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Table 1 (continued)

Site Type
Oak Tree Non-tree Reserve Pasture Crop Total Reserve Ag
Savanna Forager Forager

Species Associate (n=9) (n=13) (n=13) Sites Use®*  Use?
Wilson’s Warbler X 0 2 0 2 0.00 0.08
(Wilsonia pusilla)
Western Tanager X 1 2 2 5 011 0.15
(Piranga ludovician
Black-headed Grosbeak X 0 3 4 7 0.00 0.27
(Pheucticus melanocepha)us
Lazuli Bunting X X 7 2 2 11 0.78 0.15
(Passerina amoena
Spotted Towhee X 4 1 1 6 0.44 0.08
(Pipilo maculatu}
Chipping Sparrow X X 2 3 5 10 0.22 0.31
(Spizella passerina
Savannah Sparrow X 0 4 3 7 0.00 027
(Passerculus sandwichenkis
White-crowned Sparrow X 1 2 5 8 0.11 0.27
(Zonotrichia leucophrys
Song Sparrow X 1 2 2 5 011 0.15
(Melospiza melodia
Dark-eyed Junco X 0 1 1 2 0.00 0.08

(Junco hyemalis

Continued r
_



Table 1 (continued)

Site Type
Oak Tree  Non-tree Reserve Pasture Crop Total Reserve Ag
Savanna Forager Forager
Species Associate (n=9) (n=13) (n=13) Sites Use? Use®
Brown-headed Cowbird X X 0 0 1 1 0.00 0.04
(Molothrus ate)
Red-winged Blackbird X 0 0 2 2 0.00 0.08
(Agelaius phoenicelis
Brewer’s Blackbird X X 0 4 3 7
(Euphagus 0.00 0.27
cyanocephalys
Bullock’s Oriole X 2 4 4 10 0.22 031
(Icterus bullocki)
Purple Finch X 0 1 0 1 0.00 0.04
(Carpodacus purpurelis
House Finch X 0 2 5 7 0.00 0.27
(Carpodacus mexicanys
Lesser Goldfinch X X 2 3 2 7 0.22 0.19
(Carduelis psaltria
American Goldfinch X X 2 8 7 17 0.22 058
(Carduelis tristig
House Sparrow X 0 0 1 1 0.00 0.04

(Passer domestics

#Bold indicates difference in proportions is sigedgiint (p< 0.10 from Fisher’'s Exact test).

¢e
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Sample-based rarefaction curves for assessingioaria avian detection
probabilities suggest that the rates of speciesmaatation between large- and small-
canopied trees were approximately equal (Fig.\2yreover, the species found on
small canopied trees were simply a subset of tfms®d on large canopied trees. |
therefore inferred that avian detection probaltitwere similar among sites.

Observed site-specific values of total specidsngss varied from 3 to 14
(mean = 6.9, SE = 2.9). Comparing cumulative sgegchness between the three site
types, pasture sites 42 species) had the highest total species rishioiswed by
crop sites (= 34) and reserve sites (n = 20). Evidence for diffiees between the
three site types was weak, however, as the 90%d=nde intervals of the sample-
based rarefaction curves generated for each gigedly overlap at a similar sampling
effort (Fig. 3). For oak savanna associates, spaahness was highest on crop sites
(n = 15 species) and pasture sites (n = 15) anddbwn reserve sites (n = 6). Again,
evidence for differences between the site typeswesk as the 90% confidence
intervals of the rarefaction curves for oak savasssociates all overlapped at a
similar sampling effort (Fig. 4).

Species richness results for the two foragingdguibllowed a similar pattern,
each having higher observed cumulative speciegeghin agricultural sites
compared to reserve sites but with weak evidencdifferences due to overlapping
90% confidence intervals at similar sampling eBdfEigs. 5-6). Tree foraging species

richness was highest on pasture sites (n = 16 eg)dallowed by crop sites (n = 9)
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and reserve sites (n = 8). Richness of non-tresging species was highest on pasture

(n = 25 species) and crop sites (n = 25) and loseseserve sites (n = 12).
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Figure 2: Sample-based rarefaction curves degisoecies accumulation rates for
large and small canopied trees in the southerndfalfe Willamette Valley, OR. |
pooled data for the five smallest-canopied treekfeve largest-canopied trees. The
roughly parallel curves indicate that rates of gggaccumulation between the two
tree types are approximately equal. Similar ratespecies accumulation suggest that
avian detection probabilities did not vary sigrafitly between the two tree types.
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Model Selection

Species Level

| evaluated 23 species to determine the relatiffaence of the explanatory
variables on species-specific use (Tables 2-3)eMthe explanatory variables in the
top models for the 23 species are grouped by féetgr tree size and number of
cavities are considered tree architecture facttie)top models represented in Table 3
can be condensed into seven factor-related moBrs®). Two of these models,
DENSITY and TREE + DENSITY, were the top modelsdoer half of the species
analyzed. Fifteen species included a density bkrim their respective top models
while a tree architecture variable was includedttigerodel of 11 species. A
distance variable was included in the top modalevien species. Only one species,
Lazuli Bunting, had a top model influenced by thatnx variable. Assessing the
relative importance of the four factors, densitysvgalected as the most important
variable for 12 species, tree characteristics éven species, distance for four species

and the matrix type was selected for only one gse@iable 4).
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Table 2: Descriptive statistics for site and largiecvariables collected from 35
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15

May and 30 June 2007.

Variable Cod#é Mean SE Min. Max.
Tree Architecture
Tree size index SIZE 9.37 8.69 0.57 45.15
Height (m) 18.70 2.85 13.32 25.78
Basal area (n 1.02 0.39 0.31 1.85
Canopy Volume (@ 419359 1797.13 68557 9780.74
Tree complexity index COMP 5.11 1.43 3 9
Mistletoe clumps 7.49 8.22 0 31
Dead limbs 8.89 5.00 1 21
Lichen (bin class 1 - 4) 1.63 0.49 1 2
Tree cavities CAVI 1.91 3.05 0 16
Distance
Distance to nearest tree (m) DIST.T 92.39 56.93 21.25 278.88
Distance to patch (m) DIST.P 152.59 128.00 21.25 555.00
Density
Forest (across all buffers) FOR 0.14 0.18 0 0.99
Oak vegetation (across all OAK 0.11 0.15 0 0.99

buffers)

@ Variable code name in regression models.



Table 3: Top models(2 AIC units) for 23 species detected at a mininaird study sites in the southern Willamette Valley,

OR between 15 May and 30 June 2007. Species @serged in taxonomic order. Regression coeffisitorteach model are
presented sequentially. For the variable TYPE, ¢oefficients are given: the first is for pastures; the second is for crop
sites. Reserve sites serve as the reference fovdhiable.

Species Model? ;" B1° B2 B3 Ba
Red-tailed Hawk SIZE 0.23 0.13
(0.06)
SIZE + TYPE 0.19 0.18 9.35 6.90
(0.09) (37.64) (37.66)
SIZE + FOR(150) 0.15 0.11 -27.20
(0.06) (41.75)
Western Wood-pewee CAVI + OAK(5000) 0.24 0.27 -20.72
(0.20) (14.38)
OAK(5000) 0.22 -23.62
(14.39)
CAVI 0.18 0.27
(0.17)
intercept 0.09
Western Scrub Jay CAVI + FOR(800) 0.57 -10.17 8.87
(37.72  (4.67)
Black-capped Chickadee DIST.T 0.29 -0.040
(0.018)
DIST.T + OAK(500) + TYPE 0.18 -0.068 15.68 5.84 6.70
(0.034) (8.56) (3.25) (3.53)
Continued
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Table 3: Continued

Species Model? ;" B1° B2 B3 Ba
DIST.T + OAK(500) 0.12 -0.030 2.84
(0.020) (3.20)
White-breasted Nuthatch SIZE + COMP 0.17 0.11 -0.59
(0.06) (0.37)
TYPE 0.17 8.36 9.10
(24.16) (24.16)
SIZE + COMP + TYPE 0.11 0.090 -0.60 8.21 8.73
(0.060) (0.37) (22.96) (22.96)
intercept 0.09
SIZE + COMP + FOR(1000) 0.09 0.097 -0.57  -4.07
(0.054) (0.37) (3.98)
House Wren FOR(100) 0.52 5.60
(1.93)
American Robin DIST.P 0.67 0.00076
(0.0027)
European Starling OAK(1600) 0.26 -11.65
(5.95)
SIZE + OAK(1600) 0.12 -0.046 -12.71
(0.046) (6.07)
Cedar Waxwing FOR(750) 0.66 -140.78
(85.00)
Common Yellowthroat COMP + OAK(500) 0.50 -1.17 7.68
(0.55) (3.27)
Continued

A



Table 3: Continued

Species Model? ;" B:° B2 B3 Ba
Western Tanager SIZE 0.34 0.011
(0.06)
SIZE + OAK(3000) 0.28 0.14 15.02
(0.07) (10.52)
Black-headed Grosbeak SIZE + FOR(100) 0.65 0.033 -7586.03
(0.016) (3184.71)
Lazuli Bunting TYPE 0.23 -2.96 -2.96
(1.11) (1.11)
DIST.T 0.13 -0.030
(0.013)
OAK(50) 0.12 3.70
(1.62)
DIST.T + TYPE 0.10 -0.013  -2.34 -2.29
(0.014) (1.25) (1.25)
DIST.T + OAK(50) 0.10 -0.018 2.30
(0.014) (1.80)
Spotted Towhee DIST.P 0.23 -0.015
(0.009)
OAK(800) 0.19 6.67
(3.32)
TYPE 0.10 -2.26 -2.26
(1.24) (1.24)
DIST.P + OAK(800) 0.10 -0.0092 3.96
(0.0100) (4.04)
Continued
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Table 3: Continued

Species Modél ;" B1° B2 B3 B4
Chipping Sparrow SIZE + DIST.P + OAK(1600) 0.52 0.17 -0.012 -29.98
(0.08) (0.007) (17.07)
Savannah Sparrow SIZE + DIST.P + FOR(150) 0.56 -0.81 0.019 -812.99
(0.38) (0.014) (1235.27)
SIZE + DIST.P 0.27 -1.0 0.035
(0.5) (0.017)
White-crowned Sparrow FOR(150) 0.34 -103.66
(123.85)
SIZE + FOR(150) 0.30 -0.11 -109.33
(0.09) (125.59)
Song Sparrow COMP + FOR(100) 0.25 -0.61 -6309.29
(0.43) (30200.55)
FOR(100) 0.25 -5896.63
(31668.43)
Brewer’s Blackbird DIST.P 0.32 0.0092
(0.0038)
DIST.P + FOR(450) 0.16 0.0069 -6.31
(0.0042) (7.04)
Bullock’s Oriole intercept 0.21
FOR(150) 0.19 -3.17
(2.87)
DIST.P 0.15 0.0038
(0.0029)
Continued

ve



Table 3: Continued

Species Modél ;" B1° B2 Ba Ba
CAVI 0.12 -0.20
(0.20)
House Finch SIZE + OAK(400) 0.27 0.083 -15.81
(0.054) (10.83)
OAK(400) 0.21 -16.77
(10.50)
Lesser Goldfinch DIST.P + FOR(50) 0.30 -0.0092 -98.33
(0.0068) (499.26)
FOR(50) 0.22 -87.33
(313.18)
American Goldfinch FOR(1400) 0.41 -7.38
(3.42)

2Variable codes are listed in TableFdr OAK and FOR variables, the buffer size selebtbeds listed in parentheses.
®Model weight representing the relative probabilitsit the model under consideration is the bestequmiating model.
“Bold indicates that 90% confidence interval forgraeter estimate does not overlap zero. Standastsere listed in
parentheses below parameter estimates.

g€
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Figure 7: Model weights of the top factor-relateddels of the 23 species analyzed.
For this graph, explanatory variables from thenggels in Table 2 have been
grouped according to factor type (tree = tree &echiire; dist = distance to nearest
tree or patch; dens = forest or oak vegetationitderngpe = site type). Species in this
analysis occurred at a minimum of 5 sites.

* Species codes in taxonomic order: RTHA = RetethHawk; WEWP = Western
Wood-pewee; WESJ = Western Scrub Jay; BCCH = Btaglped Chickadee; WBNU
=White-breasted Nuthatch; HOWR = House Wren; AMR@merican Robin; EUST
= European Starling; CEDW = Cedar Waxwing; COYEannon Yellowthroat;
WETA = Western Tanager; BHGR = Black-headed GrosbeaZB = Lazuli

Bunting; SPTO = Spotted Towhee; CHSP = Chippingi®pwg SAVS = Savannah
Sparrow; WCSP = White-crowned Sparrow; SOSP = Spajrow; BRBL =
Brewer’s Blackbird; BUOR = Bullock’s Oriole; HOFI House Finch; LEGO = Lesser
Goldfinch; AMGO = American Goldfinch



37

Table 4: Comparison of top factors by specieseci®ys are listed under their
respective top factor based on comparing the velatnportance of the four general
explanatory factors. See Figure 6 for species codes

Tree Characteristics Distance Density Type
CHSP AMRO AMGO LAZB
COYE BCCH BHGR
RTHA BRBL BUOR
SAVS SPTO CEDW
WBNU EUST
WESJ HOFI
WETA HOWR

LEGO
SOSP
WCSP
WEWP

Among birds that were detected at a minimum of §ikes, White-breasted
Nuthatch and Chipping Sparrow have been identdgdak-associated species of
concern by the Oregon Conservation Strategy (ODBObRand are thus further
highlighted. Both species had top models that esiggl a positive correlation to
increasing tree size (Table 3) although the ratatip between probability of use and
tree size was somewhat weak and variable for lpmhiss, perhaps being influenced
by the data point of the largest tree (Fig. 8).wideer, repeating the analysis with this
data point removed did not substantially affecbpagter estimates (e.g. Chipping
Sparrow: = 0.17, SE = 0.08 for tree size with largest treduded; = 0.17, SE =
0.09 with largest tree excluded). For White-bredstuthatch, the SIZE variablg €
0.11, SE = 0.06 from the top model) was the onlyakde that had a 90% confidence

interval that did not overlap zero. For Chippinga8ow, the top model included
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negative correlations with distance to the negratth ¢ = -0.012, SE = 0.007) and
oak density within a 1600 m buffgs € -29.98, SE = 17.07) in addition to tree size,

suggesting that the spatial pattern of trees wasitant for predicting use.
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Figure 8: Estimated probability of use of isolateuite oak legacy trees in the
southern Willamette Valley in relation to tree simeChipping Sparrow (top) and
White-breasted Nuthatch (bottom).
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Community Level

The top model for predicting total species ricline@as a single variable model
describing a negative correlation with the densftjorest vegetation in an 800-m
buffer centered on each trge< -0.78, SE = 0.41; Table 5; Fig. 9). This forest
vegetation variable was also represented in thense@nked model along with
variables describing tree size and the number\afiea. The evidence for tree size
and cavity effects, however, was relatively weabaih variables had 90%
confidence intervals that overlapped zero. Thensfth of evidence for the single
variable forest vegetation model is further supgatiy this model being over twice as
likely as the remaining two models in the mode] seidels that do not contain the
forest vegetation variable.

For species associated with oak savannas, theaole! for species richness
was a two-variable model that included a positimgalation with tree size3(= 0.018,
SE = 0.010) and a negative correlation with thesdgmof oak vegetation in a 1400-m
buffer 3 =-2.49, SE = 1.61). The second and third ramkedels were single
variable models describing tree size and oak végateespectively. All three of
these models had model weights within 0.03 of exdbhr, indicating similar strengths
of evidence for these two variables in explainiagg savanna associate richness. The
other model in the model set, the intercept modas less than half as likely as the
top model.

Species richness of tree foragers was best peedist a single variable model

describing a positive correlation with tree sige=(0.024, SE = 0.010). Assessing
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model weights, this top model was almost twiceladyt as the only other model
within 2 AIC units. The top model for species nelss of non-tree foragers was a
single variable model describing a negative coti@tawith the density of forest
vegetation in a buffer of 150 i € -0.97, SE = 0.40). This model had a high model

weight (@ = 0.49) and no other models were within 2 AIC st this top model.
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Table 5: Parameter estimates of top modelsAKRC ) predicting community level
responses on isolated white oak legacy trees isdbthern Willamette Valley, OR
between 15 May and 30 June 2007.

Response Parameter Estimatés’

Model o Bo SIZE CAVI  Density
Variable

Total species richness

FOREST (800) 0.25 2.05 -0.83
(0.08) (0.41)
SIZE + CAVI + FOREST (800) 0.18 2.01 0.010 -0.041 -0.76
(0.12)  (0.007) (0.026) (0.41)

SIZE + CAVI 0.12 1.89 0.012 -0.042
(0.10) (0.007) (0.026)
Intercept 0.09 1.94
(0.06)
Oak savanna associate richness
SIZE+ OAK (1400) 0.21 1.00 0.018 -2.49
(0.21) (0.010) (1.61)
SIZE 0.21 0.76 0.021
(0.15)  (0.010)
OAK (1400) 0.18 1.22 -2.83
(0.16) (1.56)
Intercept 0.10 0.98
(0.10)
Tree foraging species richness
SIZE 0.33 0.54 0.024
(0.17)  (0.010)
SIZE + OAK(150) 0.18 0.44  0.027 0.49
(0.19) (0.011) (0.412)
Non-tree foraging guild richness
FOR (150) 0.49 1.64 (-0.97)
(0.08) (0.40)

@Standard errors of estimates are in parentheses

P Bold indicates 90% confidence interval of paramegimate does not include zero

¢ Model weight representing the relative probabilitst the model under
consideration is the best approximating model
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Figure 9: Model predictions for the top model éaich of the four community level
responses: total species richness (top left); aglrsma associate richness (top right);
non-tree forager richness (bottom left); and tarader richness (bottom right).
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Assessing the relative importance of the four garexplanatory factors
(Table 6), tree architecture, in particular tremesivas the most important factor in
explaining the richness of oak savanna breedingcesss and tree foraging species.
For tree foraging species, tree architecturdif = 0.74) was twice as important as
oak vegetation density in a 150-m buffer({) = 0.35), the second ranked factor. For
oak savanna associates, tree architectun@) (= 0.59) ranked slightly ahead of forest
density in the surrounding landscape({) = 0.54). Overall species richness and
non-tree foraging species richness were best exqulahy forest density. For non- tree
foraging species, forest density.(i) = 0.87) was over three times as important as tree
architectured.(i) = 0.23) and distancex{(i) = 0.23). For overall species richness,
forest densityd.(i) = 0.62) ranked ahead of tree architectargij = 0.44). The
matrix in which the tree is embedded had little aTipn explaining the four

community-level responses.

Table 6: Relative importance values.(i))of the four explanatory factors for each of
the community level responses.

Species Oak savanna Tree foragers Non-tree

richness associates foragers
Tree Architecture 0.44 0.59 0.74 0.23
Distance 0.25 0.23 0.23 0.23
Density 0.62 0.54 0.35 0.87

Matrix 0.13 0.09 0.11 0.09
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CHAPTER 4: DISCUSSION

Results of this study indicate that a high numiddeavian species use isolated
white oak legacy trees in the Willamette Valleyggiaultural matrix. Importantly, a
high number of oak savanna-associated speciesi@se trees, including species of
concern such as White-breasted Nuthatch and Cly@&parrow. For the majority of
avian species observed in this study, there wides éividence that the frequency of use
of individual oak trees differed among crop, pastand reserve sites. Moreover, none
of the species detected were confined only to vesgtes, indicating the potential for
agriculturally-situated trees to positively contrib to landscape-level conservation of
a wide range of avian species within the Willamgtadley.

Behavioral observations of avian use suggestlatidual isolated trees are
focal habitat structures for roosting, foraginggsng and nesting. For many oak
savanna-associated species, an agriculturallyteddagacy oak tree may provide the
critical resources necessary for persistence it sierwise might be an inhospitable
matrix. For tree foraging species in particulaolated trees may provide foraging
opportunities that would not exist in treeless koapes. Further, isolated trees may
act as important stopover points for tree foragipgcies moving among woodland
patches (Fischer & Lindenmayer 2002b). For aamal ground foraging species,
individual isolated trees likely provide safe reégdor roosting (Dean et al 1999) and
prominent perches for singing (Slabbekoorn 2004)e notion that isolated trees

provide safe havens was supported anecdotallyeifi¢td when | observed two
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Savannah Sparrows, a ground foraging and nestegesy fly up into an isolated oak
tree at the approach of a Sharp-shinned Ha\ekipiter striatu3.

The importance of scattered remnant trees todheervation of landscape-
level avian biodiversity has been identified byyioes research in tropical
agricultural systems (Dean et al 1999, Luck & D&003, Harvey et al 2006). The
current study is the first that | am aware of targborate these findings in North
American agricultural systems. A number of factoase been proposed to account
for the disproportionate contribution of isolategets to the conservation of
biodiversity. First, scattered trees add vertaoad horizontal structural diversity to
otherwise treeless landscapes. Increasing haitagtural heterogeneity has long
been associated with patterns of increased speciasess in a number of taxa (Atauri
& de Lucio 2001, Bennett et al 2006). Second,aasing the proportion of a
vegetation type within a region increases the pooiti@as of occurrence of native
species dependant on the vegetation type, tramglatio an expected increase in
species richness in the region under consider@@ennett et al 2006). A third factor
is that scattered trees increase landscape-l@esttver thereby increasing the
prevalence of forest-dependent species (Luck &#0003, Harvey et al 2006).

In the current study, two factors had the moguerice on avian use of white
oak legacy trees: tree size and the density okfaregetation in the surrounding
landscape. In general, increasing tree size wasceged with higher per capita use,
particularly among tree foraging species and oakrsaa associates. With all else

being equal, larger legacy-type trees likely previdore and higher quality resources
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for birds than smaller, younger trees (Dean e®8B] Fischer & Lindenmayer 2002a,
Mazurek &Zielinski 2004). Previous studies withine Willamette Valley have
illustrated the importance of large oak trees tatganesting species (Gumtow-
Farrrior 1991, Hagar & Stern 2001) and individyagaes (Viste-Sparkman 2005) but
my findings give evidence that large oak treespatentially important to the Valley’s
oak savanna-associated avian community as a whdlis. broader applicability is
exemplified by selection of tree size in the topdeloof the savanna-associated
Chipping Sparrow, a species that is neither a ganaster nor a tree forager. As noted
earlier, for ground foraging and nesting species Chipping Sparrow, large isolated
oak trees may provide important sites for percland singing, a finding corroborated
by frequent aural detections of Chipping Sparrongisg from some of the
individual trees | studied.

The density of forest or oak vegetation in thelrape surrounding each tree
was a primary factor in predicting overall speciebness on individual trees.
Interestingly, | found that overall avian speciefiness generally increased with
decreasing tree density. This result is in catti@other studies in agricultural
systems where avian species richness was positioetglated to increasing tree cover
(Luck & Daily 2003, Harvey et al 2006, Posa & So@806, Sekercioglu et al 2007).
These other studies, however, generally focusdubanforest birds responded to
agricultural conversion of previously forested lacapes. In my study area,
agricultural conversion primarily affected oak sava and prairie habitats and their

associated bird communities. The overall avianmoomity that | documented using
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individual oak trees was dominated by species &ssacwith more open habitats. |
recorded relatively few forest obligates using ¢hieslividual trees. Consequently, it
IS not surprising that the overall avian communi$yng individual oak trees might
respond as a whole to decreasing tree cover.

Increasing avian use of isolated trees with destngetree cover suggests that
the role of isolated trees as focal habitat stmestincreases as trees become rarer on
the landscape. For many avian species, partigulas foraging and tree nesting
species, the presence of a single tree likely ges/critical resources necessary for
persistence in an otherwise treeless landscapes, @ isolated tree becomes a
“habitat magnet”, concentrating tree-dependentisgearound this focal habitat
structure on the landscape and resulting in higlkiem use. Conversely, as tree
density increases, tree-associated resources ageabondant and dispersed on the
landscape, likely resulting in lower per capitasawvuse of individual trees.

The current spatial configuration of oak habitatthe Willamette Valley may
also have influenced the negative correlation betwspecies richness and tree
density, particularly for oak savanna associatéstoHcally, oak savanna habitats
within the Willamette Valley were characterizedvaglely spaced open-grown oak
trees with an estimated tree density of 5-17 thee@Day 2005, ODFW 2005).
Habitat patches containing this historical spai&ttern of trees are now rare within
the Willamette Valley. Most agricultural fieldsealevoid of trees with residual oak
trees confined to dense woodland strips bordehegé fields. Further, in the

periphery of the Valley where savannas were hisatlsi most abundant, fire
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suppression and conifer invasion have turned sasimio denser oak and mixed-
conifer woodlands (Johannessen et al 1971, Tow8&8)19To savanna species, this
current spatial configuration of trees presentshpeg where the amount of tree cover
is either too dense (the woodlands) or not deneagn(treeless fields). At a fine
scale, oak savanna birds may simply be attractesbtated agricultural trees because
the presence of a single tree in a field represestaall patch that has a tree density
that is intermediate between the extremes typidaliypd within the Valley and closer
to the estimated spatial configuration of histarék savanna habitat.

The relative isolation of an oak tree, as meashyeithe distance to the nearest
tree or patch, ranked behind tree size and foessity in terms of predicting avian
use of these individual trees. In general, thelmemof species using individual oak
trees increased with increasing tree isolationis Tihding is consistent with results
from a study on African savanna trees where inangdsee isolation was associated
with greater intensity of utilization by birds anthmmals (Dean et al 1999). Itis also
supportive of the hypothesis that a single isol&ted is an important and focal habitat
feature in an otherwise treeless landscape.

Perhaps the most surprising finding from my stwdyg the relatively small
influence that the surrounding matrix had on awiae of isolated oak trees. Overall
species richness was similar between trees lotatagricultural fields and trees
situated in savanna reserves. Importantly, thaiomship also held true for species
richness of oak savanna associates. At the speersthe only species for which the

matrix was selected as the most important factar vgezuli Bunting, a species
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associated with shrubby understories that are wamrenonly associated with savanna
reserves (Greene et al 1996). The relatively hggof agriculturally-situated trees
suggests that these individual trees are impohabitat components to many savanna
species occupying agricultural fields during thedaling season. Moreover, the high
use of agriculturally-situated trees highlights itim@ortance of off-reserve
conservation of habitat remnants, even at the sfaesingle tree, for conserving
native biodiversity within anthropogenically-moaifi landscapes (Franklin 1993,
Schwartz & van Mantgem 1997).

Taken collectively, my results support the hypsthe¢hat isolated trees are
keystone structures in human-modified landscaps$icplarly when it comes to
preserving native biodiversity (Tews et al 2004 n¥iiag et al 2006). Further, my
findings suggest that use of a large individual vak seems to intensify with both
increasing isolation and decreasing tree denditys intensification of use with
increasing isolation and decreasing tree densitg oontrary to traditional
fragmentation theory where species use of halvagtients is predicted to decline
with increasing isolation and decreasing habitatsig (Andrén 1994, Fahrig 2003).
My findings are perhaps better explained by theusse concentration hypothesis
(Root 1973). More commonly applied to invertebiadeulations, the resource
concentration hypothesis states that animal dessitill be highest in areas where
critical resources can be found. In simplifiediagitural systems, large isolated trees

are focal habitat elements for many avian spepesiding foraging, nesting and
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perching sites - resources that are critical fosigéence in otherwise treeless
landscapes.

The Influence of Oregon White Oak as a Species

If individual isolated trees provide habitat foany avian species in
agricultural systems, the species of these indalithees is likely important in
determining the quality of avian habitat that thiesbvidual trees provide. For avian
species, Oregon white oak trees likely provide argjuality resources relative to
other Willamette Valley hardwood species such gddaf maple Acer
macrophylum For cavity-nesting birds, the trunk and thickémateral limbs of large
Oregon white oak trees provide ideal sites fordfeation of cavities (Gumtow-Farrior
1991). For bark-gleaning avian species such aguhiee-breasted Nuthatch, the bark
complexity and abundant lichen cover of Oregon &bk trees support a rich fauna
of bark-dwelling invertebrates (Merrifield 2000fror foliage-gleaning birds, Oregon
white oak hosts an abundance of caterpillars widgr @5 species recorded compared
to only 17 species on big leaf maple (Miller & Hawmad 2003). Oregon white oak
trees also provide year-long foraging opportuniteesirds, with acorns being an
important food source for Western Scrub Jays armatiAgVoodpeckers in the fall and
mistletoe berries for Western Bluebirds and Houseltes in the winter (Marshall et
al. 2003). A further consideration is that Oregdnte oak is a relatively stable
resource temporally, being a long-lived speciesithaniquely adapted to the xeric
conditions found between the Willamette Valleyjsatian corridors and upland

conifer forests (Thilenius 1968).
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CHAPTER 5: CONCLUSIONS

Management Implications

The most immediate management issue regarding wakdegacy trees in the
Willamette Valley is their declining abundance be tandscape due to current land
use practices and the senescence of existing(ffegsell & Carey 2001). Although
the role that these individual trees might playhi@ demography of Willamette Valley
avian populations is yet to be assessed, the emdidecline in abundance of these
individual trees has the potential to negativelpatt a wide array of oak savanna-
associated species, particularly those speciesvilidtl not be found in agricultural
fields without these trees. Thus, land manageesasted in preserving oak habitats at
a landscape-level should work with willing landows& conserve existing individual
legacy trees and foster the recruitment of youngglacement trees.

My findings have further implications with respéatcurrent Willamette
Valley oak restoration efforts (Campbell 2004, Mg Tucker 2004). Clearly, the
ultimate goal of many oak savanna restoration ptsjis to not only conserve or
restore large savanna-form trees but also to eeghernative herbaceous understory
with the hope of restoring habitat for a broad ctament of oak-associated wildlife
species. The rarity of this habitat type on thetNédmerican continent necessitates
that this type of restoration should be a highnigavherever possible (Ricketts et al
1999, Brawn 2006). However, in agriculturally-dowtied systems such as the

Willamette Valley, this type of restoration is llgenot feasible at a large scale. My
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results suggest that oak savanna restoration ioudtgiral systems does not
necessarily need to be an all-or-none propositlarge savanna-form oak trees
scattered in agricultural fields have wildlife vaJyparticularly for many oak-
associated avian species. Moreover, these indiVigees have a relatively small
physical footprint on the landscape thus allowingimal impact on agricultural
production.

Finally, my findings have broader implications whamsidering habitat
management strategies for conserving wildlife inadtural systems. Traditional
paradigms developed in the late twentieth centargdnserving wildlife in
agricultural systems focused on the use of hedgertamcerows, shelterbelts and
other strip-cover habitats (Pimentel et al 199%tE¢ al 1995). These types of
management strategies, however, may not be theappsbpriate ones for all agro-
ecosystems. More recently developed paradigms stitjgg agricultural systems that
attempt to incorporate the ecological patterns@odesses of the underlying
historical natural system may be more successftbréerving native biodiversity
(Blann 2006, Fischer et al 2006, Vandermeer & R#f@007). In the context of the
Willamette Valley’s agricultural matrix, scatterldge white oak trees should
therefore be considered part of a landscape-leaelgement strategy for improving
conservation of the Valley’s native avian populasio
Limitations

The results of this study are limited to simpleedébns of birds using isolated

Oregon white oak trees in agricultural systemshéuigh isolated white oak trees are



54
clearly used by a wide variety of avian species resylts do not give insight as to
how these individual trees affect species-spedgimography. Specifically, my
results give no indication as to whether isolatakl tvees function as source or sink
habitats for the avian species using them. Thidysélso did not account for the
potential effect of inter-specific interactions avian use of these individual trees.
Based on field observations, this factor may beienrftial, particularly with regard to
European Starlings. At one study site with lovataipecies richness (n = 4 species), |
observed at least four starling nests in the stusbyand antagonistic interactions
between the resident starlings and an Acorn Woddec

Results of this study also do not shed light onaiyeropriate number or spatial
distribution of isolated trees required for congegwak-associated avian species at
the population level (e.g. are multiple trees freld significantly better than one?).
Moreover, my finding that increasing tree isolatomrelates with increasing avian
use does not suggest that oak trees within a phati@eld should be thinned to
increase the isolation of the remaining trees.

A final consideration is that the results of thigdy are confined to avian use
during the breeding season. Avian use of thees treay vary temporally, with acorn
production in the fall and mistletoe in the winpatentially providing important
foraging resources for resident species. Thuardéudirections for research into the
role of scattered trees for avian conservatiorgicaltural landscapes include:

1. Species-specific demographic studies to determimethver isolated trees

positively contribute to population persistence.
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2. Assessing the impact of European Starlings on asfi@cies using white oak
legacy trees, particularly cavity-nesting birds.
3. Spatially-explicit studies to determine an appraf@inumber and spatial
pattern of individual trees within agricultural lfis.
4. Assessing temporal variation in avian use of igoldtees and the potential
role these trees might play in sustaining resitdnat populations during the

non-breeding season.



56

BIBLIOGRAPHY

Altman, B., M. Hayes, S. Janes, and R. Forbes.120Uildlife of Westside
grasslands and chaparral habitats. In: D.H. Johaad T.A.O’'Neil, eds.
Wildlife-habitat relationships in Oregon and Wamsjton. Corvallis, OR:
Oregon State University Press. 736p.

Andrén, H. 1994. Effects of habitat fragmentationbirds and mammals in
landscapes with different proportions of suitdidéitat: a review.Oikos
71(3): 355-366.

Atauri, J.A., and J.V. de Lucio. 2001. The rofdamdscape structure in species
richness distribution of birds, amphibians, reggtibnd lepidopterans in
Mediterranean landscapelsandscape Ecology6: 147-159.

Baker, J.P., D.W. Hulse, S.V. Gregory, D. Whiteydn Sickle, P.A. Berger, D. Dole,
and N.H. Schumaker. 2004. Alternative futureshe Willamette River
Basin, OregonEcological Applicationd4(2): 313-324.

Bennet, A.F., J.Q. Radford, and A. Haslem. 20Bfoperties of land mosaics:
implications for nature conservation in agricudiugnvironmentsBiological
Conservatiorl33: 250-264.

Best, L.B., K.E. Freemark, J.J. Dinsmore and M. 8arh995. A review and synthesis
of habitat use by breeding birds in agricultuesddscapes of lowaAmerican
Midland Naturalist134(1): 1-29.

Billeter, R., J. Liira, D. Bailey, R. Bugter, P.&us, I. Augenstein, S Aviron, J.
Baudry, R. Bukacek, F. Burel, M. Cerny, G. De Bl#& De Cock, T.
Diekotter, H. Dietz, J. Dirksen, C. Dormann, Wurka, M. Frenzel, R.
Hamersky, F. Hendrickx, F. Herzog, S. Klotz, B.di&ra, A. Lausch, D. Le
Coeur, J.P. Maelfait, P. Opdam, M. Roubalova, ¢gheé8mann, N. Schermann,
T. Schmidt, O. Schweiger, M.J.M. Smulders, M. 3paas, P. Simova, J.
Verboon, W.K.R.E van Wingerden, M. Zobel and Edwards. 2008.
Indicators for biodiversity in agricultural landgies: a pan-European study.
Journal of Applied Ecolog$5:141-150

Blann, K. 2006. Habitat in agricultural landscepleow much is enough? West Linn,
OR: Defenders of Wildlife.

Brawn, J.D. 2006. Effects of restoring oak sawsnon bird communities and
populations.Conservation Biolog20(2): 460-469.



57

Brooks, T.M., M.I. Bakarr, T. Boucher, G.A.B. Darfis®ca, C. Hilton-Taylor, J.M.
Hoekstra, T. Moritz, S. Olivieri, J. Parrish, RRressey, A.S.L. Rodrigues, W.
Sechrest, A. Stattersfield, W. Strahm, and S.Nai$t 2004. Coverage
provided by the global protected-area systent:eaaough?Biosciences4(12):
1081-1091.

Burnham, K.P., and D.R. Anderson. 2002. Modedc@n and multimodel
inference: a practical information-theoretic agmio. 2° ed. New York, N.Y:
Springer. 488p.

Campbell, B. H. 2004. Restoring rare native fabiin the Willamette Valley: a
landowner’s guide for restoring oak woodlands,lavets, prairies, and
bottomland hardwood and riparian forests. Wesh]®R: Defenders of
Wildlife, 123 pp.

Clay, J. 2004. World agriculture and the enviremma commodity-by-commodity
guide to impacts and practices. Washington, B@ant Press.

Colwell, R.K. 2006. EstimateS: Statistical estiima of species richness and shared
species from samples. Version 8. Persistent URkIqzlc.org/estimates>

Daily, G.C. 2001. Ecological forecastNature411:245.

Day, J.W. 2005. Historical savanna structure sunatession at Jim’'s Creek,
Willamette National Forest, Oregon. Eugene, ORiversity of Oregon. 65p.
M.S. thesis.

Dean, W.R.J., S.J. Milton and F. Jeltsch. 199&rge trees, fertile islands, and birds
in arid savannaJournal of Arid Environment41: 61-78.

Fahrig, L. 2003. Effects of habitat fragmentatmnbiodiversity. Annual Review of
Ecology, Evolution, and Systemati#%487-515.

Fischer, J., and D.B. Lindenmayer. 2002a. Theeomation value of paddock trees
for birds in a variegated landscape in southenw Beuth Wales.1. Species
compostion and site occupancy patter@sdiversity and Conservatiahl:
807-32.

Fischer, J. and D.B. Lindenmayer. 2002b. The emagion value of paddock trees
for birds in a variegated landscape in southerw NBeuth Wales.2. Paddock
trees as stepping stoneBiodiversity and Conservatiohl: 833-849.



58

Fischer, J., and D.B. Lindenmayer. 2006. Beywadrhentation: the continuum
model for fauna research and conservation in Inéamedified landscapes.
Oikos112(2): 473-480.

Fischer, J., D.B. Lindenmayer and A.D. Manning 00 Biodiversity, ecosystem
function, and resilience: ten guiding principles €ommodity production
landscapesFrontiers in Ecology and the Environmet(®): 80-86.

Fischer, A.P. and J.C. Bliss. 2008. Behavioralagptions of conservation policy:
conserving oak habitat on family-forest land ia Willamette Valley, Oregon.
Conservation Biologp2(2): 275-283.

Foley, J.A., R. DeFries, G.P. Asner, C. BarfordBGnan, S.R. Carpenter, F.S.
Chapin, M.T. Coe, G.C. Daily, H.K. Gibbs, J.H. K=lski, T. Holloway, E.A.
Howard, C.J. Kucharik, C. Monfreda, J.A. Patz, Rgentice, N. Ramankultty,
and P.K. Snyder. 2005. Global consequencesdfuae.Science309: 570-
574.

Franklin, J.F. 1993. Preserving biodiversity:@ps, ecosystems, or landscapes?
Ecological Application$8(2) 202-205.

Gotelli, N.J. and R.K. Colwell. 2001. Quantifyibgdiversity: procedures and
pitfalls in the measurement and comparison ofisgaachness Ecology
Letters4: 379-391.

Greene, Erick, Vincent R. Muehter and William Dawis 1996. Lazuli Bunting
(Passerina amoena), The Birds of North Americar@r(A. Poole, Ed.).
Ithaca: Cornell Lab of Ornithology; Retrieved frahe Birds of North
America Online:
http://0-bna.birds.cornell.edu.oasis.oregonstate8fbna/species/232

Gumtow-Farrior, D.L. 1991. Cauvity resources ire@on white oak and Douglas-fir
stands in the Mid-Willamette Valley, Oregon. CdiigaOR: Oregon State
University. 89 p. M.S. thesis.

Hagar, J.C. and M.A. Stern. 2001. Avifauna in waodlands in the Willamette
Valley, Oregon.Northwestern NaturalisB2: 12-25.

Harvey, C.A. and W.A. Haber. 1999. Remnant teeebthe conservation of
biodiversity in Costa Rican pasture&groforestry Systen¥s}: 37-68.

Harvey, C.A., A. Medina, D.M. Sanchez, S. VilchBsHernandez, J.C. Saenz, J.M.
Maes, F. Casanoves, and F.L. Sinclair. 2006tefat of animal diversity in



59

different forms of tree cover in agricultural lacapes.Ecological
Applications16(5): 1986-1999.

Haslem, A. and A.F. Bennett. 2008. Birds in aglitiral mosaics: the influence of
landscape pattern and countryside heterogenEitplogical Applications
18(1): 185-196.

Holland, J.D., D.G. Bert, and L. Fahrig. 2004.té&mining the spatial scale of
species’ response to habit&ioscienceb4(3): 227-233.

Johannessen, C. L., W. A. Davenport, A. Millet, &dMcWilliams. 1971. The
vegetation of the Willamette Valley. Annals of thesociation of American
Geographers 61:286-302.

Krebs, J.R., J.D. Wilson, R.B. Bradbury and G.Miv&rdena. 1999. The second
Silent Spring?Nature400: 611-612.

Kupfer, J.A., G.P. Malanson and S.B. Franklin. 00lot seeing the ocean for the
islands: the mediating influence of matrix-baseatpsses on forest
fragmentation effectsGlobal Ecology and Biogeographyb: 8-20.

Lomolino, M.V. 2000. A call for a new paradigmisfand biogeographyGlobal
Ecology and Biogeograpt$(1): 1-6.

Luck, G.W. and G.C. Daily. 2003. Tropical coumside bird assemblages: richness,
composition, and foraging differ by landscape eghtEcological
Applications13(1): 235-247.

MacKenzie, D.I., J.D. Nichols, J.A. Royale, K.H.llBok, L.L. Bailey and J.H. Hines.
2006. Occupancy estimation and modeling: inferpagierns and dynamics of
species occurrence. San Diego, CA: Elsevier Academness. 324 pp.

Manning, A.D., D.B. Lindenmayer, and S.C. Barryd02a. The conservation
implications of bird reproduction in the agriculilfmatrix”: a case study of
the vulnerable superb parrot of south-eastern AliatrBiological
Conservationl20: 363-374.

Manning A.D., D.B. Lindenmayer and H.A. Nix. 20046ontinua and umwelt: novel
perspectives on viewing landscap€xkos104(3): 621-628.

Manning, A.D., J. Fischer, and D.B. Lindenmaye@0&. Scattered trees are keystone
structures - implications for conservatiddiological Conservatiori32: 311-
321.



60

Marshall, D.B., M.G. Hunter, and A.L. Contrera€)03. Birds of Oregon: a general
reference. Corvallis, OR: Oregon State UniverBitgss. 768p.

Mazurek, M.J. and W.J. Zielinski. 2004. Individllegacy trees influence vertebrate
wildlife diversity in commercial forestd-orest Ecology and Management
193(3): 321-334.

Merrifield, K. 2000. Bryophytes on isolated Qu&saarryana trunks in urban and
agricultural settings in the Willamette Valley, Qon. The BryologistL03(4):
720-724.

Mcintyre, S. and R. Hobbs. 1999. A frameworkdonceptualizing human effects on
landscapes and its relevance to management agalcbsnodels.
Conservation Biology3(6): 1282-1292.

Miller, J.C., and P.C. Hammond. 2003. Lepidoptdrthe Pacific Northwest:
caterpillars and adults. U.S. Department of Agtire, Forest Health
Technology Enterprise Team, Morgantown, WV.

NHI (Northwest Habitat Institute). 2007. WillatteeValley oak map. URL
<www.nwhi.org//index/gisdata#Willamette%20Valley@&pecific%20GI
S%20Data>

Noss, R. F., E. T. LaRoe Ill, and J.M. Scott. 1998dangered ecosystems of the
United States: A Preliminary Assessment of Log$s@egradation. Biological
Report 28. Washington: U.S. Department of Agrictdt

OCS (Oregon Climate Service). 200Bone 2 — Climate Data Archive®regon State
University, College of Oceanic and AtmosphericeBces.
URL <www.ocs.oregonstate.edu/index.html>. Accedséthy 2006.

ODFW (Oregon Department of Fish and Wildlife). B0The Oregon conservation
strategy. Oregon Department of Fish and Wildlifsalem, Oregon.

OGEO (Oregon Geospatial Enterprise Office). 2007egon digital orthophoto
guads. URL <online.wr.usgs.gov/hgpo/dog>

Phattaralerphong, J. and H. Sinoquet. 2006. @&qgraphic gap fraction method for
estimating leaf area of isolated trees: assesswitn8D digitized plants.
Tree Physiologp6: 1123-1136.

Pimentel, D., U. Stachow, D.A. Takacs, H.W. BrubakeR. Dumas, J.J. Meaney,
J.A.S. O’Neil, D.E. Onis and D.B. Corzilius. 29Conserving biological
diversity in agricultural / forestry systemBioSciencel2:354-362.



61

Posa, M.R.C. and N.S. Sodhi. 2006. Effects dirpiogenic land use on forest birds
and butterflies in Subic Bay, PhilippineBiological Conservatiori29(2):
256-270.

Ricketts, T. H., E. Dinerstein, D. M. Olson, CLducks, and W. Eichbaum. 1999.
Terrestrial ecoregions of North America, a conaBon assessment.
Island Press, Washington, D.C.

Rodrigues A.S.L., S.J. Andelman, M.Il. Bakarr, L.itBnoi, T.M. Brooks, R.M
Cowling, L.D.C. Fishpool, G.A.B. da Fonseca, KGaston, M. Hoffman, J.S.
Long, P.A. Marquet, J.D. Pilgrim, R.L. Pressey$dhipper, W. Sechrest, S.N.
Stuart, L.G. Underhill, R.W. Waller, M.E.J. Watts)d X. Yan. 2004.
Effectiveness of the global protected area networkepresenting species
diversity. Nature428: 640-43.

Root, R.B. 1973. Organization of a plant-arthmpssociation in simple and diverse
habitats: the fauna of collardBréssica Oleracea Ecological Monographs
43(1): 95-124.

Saunders, D.A., R.J. Hobbs, and C.R. Margules.1 1®ological consequences of
ecosystem fragmentation: a revie@onservation Biolog$(1): 18-32.

Schwartz, M.W., and P.J. van Mantgem. 1997. Tdieevof small preserves in
chronically fragmented landscapes. In: M.W. Sattmyaed. Conservation in
highly fragmented landscapes. New York, NY: Chaprand Hall.

Sekercioglu, C.H., S.R. Loarie, F.O. Brenes, P IRli€h, and G.C. Daily. 2007.
Persistence of forest bird in the Costa Ricancatjtiral countryside.
Conservation Biologp1(2): 482-494.

Slabbekoorn, H. 2004. Singing in the wild: thelegy of birdsong. Pages 179-205
in P.Marler and H. Slabbekoorn, editors. Natumeissic: the science of
birdsong. Elsevier Academic Press: San Diego, 18.p.

Tews, J., U. Brose., V. Grimm, K. Tielborger, M.\Wichmann, M. Schwager and F.
Jeltsch. 2004. Animal species diversity drivgrhhbitat heterogeneity /
diversity: the importance of keystone structurésurnal of Biogeograph1.:
79-92.

Thilenius, J.F. 1968. ThH@uercus garryandorests of the Willamette Valley,
Oregon. Ecology49(6): 1124-1133.



62

Thysell, D. R. and A. B. Carey. 200Quercus garryanadommunities in the Puget
Trough, WashingtoriNorthwest Sciencé5(3): 219-235.

Tilman, D., J. Fargione, B. Wolff, C. D’Antonio, Aobson, R. Howarth, D.
Schindler, W.H. Schlesinger, D. Simberloff, andSwackhamer. 2001.
Forecasting agriculturally driven global enviromted change.Science292:
281-284.

Towle, J.C. 1983. Changing geography of Willam&talley woodlandsOregon
Historical Quarterlyl: 66-87.

Tscharntke, T., I. Steffan-Dewenter, A. Kruess, @dhies. 2002. Characteristics
of insect populations on habitat fragments: a memiew. Ecological
Researchl7(2): 229-239.

Vandermeer, J. and |. Perfecto. 2007. The agurallmatrix and a future paradigm
for conservation.Conservation Biolog21(1): 274-277.

Vesely, D. and G. Tucker. 2004. A landowner’sdguior restoring and managing
Oregon white oak habitats. Salem, OR: USDI Bui@duand Management.
65p.

Viste-Sparkman, K. 2005. White-breasted nuthataisdy and nesting ecology in
oak woodlands of the Willamette Valley, Oregorongillis, OR: Oregon State
University. 106 p. M.S. thesis



63
APPENDIX A: Study site geographic information.

Table Al: Study site UTM coordinates of 35 isolatddte oak legacy oak trees in the
southern Willamette Valley, OR [Datum: NAD 1983].

Site ID UTM_Easting UTM_Northing Matrix Type

1 473333 4935291 Reserve
2 470269 4911970 Pasture
3 473610 4884897 Pasture
4 472571 4895377 Pasture
5 473973 4884656 Pasture
6 473585 4918195 Reserve
7 473404 4918603 Reserve
8 473005 4918258 Reserve
9 476635 4888734 Pasture
10 469715 4928287 Crop
11 484529 4934350 Crop
12 491205 4910713 Crop
13 471551 4927943 Crop
14 471280 4925350 Crop
15 479082 4908545 Pasture
16 498518 4959357 Reserve
17 486482 4928409 Crop
18 500199 4870588 Pasture
19 501619 4872449 Reserve
20 503841 4871144 Reserve
21 501808 4873342 Reserve
22 501760 4871388 Reserve
23 494760 4896646 Pasture
24 490112 4917051 Crop
25 490290 4933074 Pasture
26 476094 4934622 Pasture
27 483738 4942666 Crop
28 474219 4937599 Pasture
29 482442 4879239 Pasture
30 509181 4970794 Crop
31 508394 4971726 Crop
32 504485 4970422 Crop
33 473833 4883482 Crop
34 485221 4931528 Crop

35 478279 4865546 Pasture
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APPENDIX B: Response data collected on 35 isolated white @gacly trees in the
southern Willamette Valley, OR between 15 May a@d@ne 2007.

Table B1: Species richness values for the four camty-level responses collected
from 35 isolated white oak legacy trees in the lseut Willamette Valley, OR
between 15 May and 30 June 2007.

Oak Savanna Non-tree

Total Species Associate Tree Forager Forager

Site No. Richness Richness Richness Richness
1 8 3 3 5
2 4 2 1 2
3 8 4 3 5
4 14 4 8 6
5 8 6 0 8
6 5 1 2 3
7 9 5 2 7
8 5 2 3 2
9 9 4 5 4
10 13 5 3 10
11 3 1 1 2
12 7 3 3 4
13 4 2 1 3
14 5 3 3 2
15 8 1 3 5
16 6 1 2 4
17 4 1 1 3
18 4 1 1 3
19 4 1 3 1
20 3 3 0 3
21 4 2 1 3
22 8 1 2 6
23 7 2 1 6
24 8 4 2 6
25 7 2 1 6
26 13 5 3 10
27 8 0 2 6
28 4 0 1 3
29 7 4 2 5
30 6 3 1 5
31 12 4 5 7
32 10 5 3 7
33 4 1 0 4
34 8 5 4 4
35 5 2 1 4
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Table B2: Four letter species codes for the 47shaetected using 35 isolated white
oak legacy trees in the southern Willamette Val@R between 15 May and 30 June

2007.
Species Species Name Species  Species Name
ACWO Acorn Woodpecker MODO  Mourning Dove
AMCR American Crow NOFL Northern Flicker
AMGO American Goldfinch OCWA  Orange-crowned Warble
AMKE American Kestrel PUFI Purple Finch
AMRO American Robin RBNU Red-breasted Nuthatch
BCCH Black-capped Chickadee RTHA Red-tailed Hawk
BHCO Brown-headed Cowbird RWBL  Red-winged Blackbir
BHGR Black-headed Grosbeak SAVS Savannah Sparrow
BRBL Brewer's Blackbird WESJ Western Scrub Jay
BUOR Bullock's Oriole SOSP Song Sparrow
BUSH Bush Tit SPTO Spotted Towhee
CAQU California Quall SWTH Swainson's Thrush
CEDW Cedar Waxwing TRES Tree Swallow
CHSP  Chipping Sparrow TUVU Turkey Vulture
CORA Common Raven VGSW  Violet-green Swallow
COYE Common Yellowthroat WBNU  White-breasted Nutha
DEJU  Dark-eyed Junco WCSP  White-crowned Sparrow
EUST  European Starling WEBL  Western Bluebird
HAWO Hairy Woodpecker WEKI Western Kingbird
HOFI House Finch WETA  Western Tanager
HOSP  House Sparrow WEWP  Weston Wood-pewee
HOWR House Wren WIWA  Wilson's Warbler
LAZB  Lazuli Bunting YWAR  Yellow Warbler

LEGO

Lesser Goldfinch




Table B3: Species detection matrix of birds ussaate white oak legacy trees in nine oak savaeserve sites in the in the
southern Willamette Valley, OR between 15 May a@d@ne 2007.

Site ID
Species 1 6 7 8 16 19 20 21 22
AMGO 01010 00000 10000 00000 00000 00000 00000 @000 00000
AMRO 00000 00000 00000 00000 00001 10001 00000 @000 10010
BCCH 00001 00000 00000 00000 00000 00001 00000 (D000 00001
BUOR 00000 00000 00000 00000 00011 00000 00000 (000 00100
CAQU 00000 00000 00000 00000 00000 00000 00000 ®O00 00010
CHSP 10000 00000 10000 00000 00000 00000 00000 00000 00000
COYT 00001 00111 01100 00000 00000 00000 00000 ®O00 01100
EUST 00000 00000 11100 01000 11011 00000 00000 (0000 00100
HAWO 00000 00000 00000 00001 00000 00000 00000 @000 00000
HOWR 00001 10111 00000 10101 10101 00000 00000 (@000 00000

LAZB 11001 10111 11111 00101 00001 00000 10010 Q100 00000
LEGO 00000 00000 00000 00000 00000 00000 00010 (D000 00111
RBNU 00001 00000 00000 00000 00000 00000 00000 ®OOO 00000
SCJA 00000 00000 01010 00000 00000 00000 11110 00100 00000
SOSP 00000 00000 00000 00000 00000 00000 00000 00000 01111
SPTO 100000 00100 01001 00000 00000 00000 00000 11110 00000
WCSP 00000 00000 00000 00000 00000 00000 00000 00000 00000
WETA 00000 00000 00000 00000 00000 00000 00000 @000 00000
WEWP 00000 00000 00001 00000 00000 00000 00000 (0000 00000
YEWA 00000 10000 10000 00000 00000 00000 00000 0100 00000

99



Table B4: Species detection matrix of birds ussajdte white oak legacy trees in 13 pasture gitéisd in the southern

Willamette Valley, OR between 15 May and 30 Jun@720

Site ID

Species 1 2 3 4 5 9 15 18 23 26 28

29

35

ACWO 00000 10000 00000 0OOOCOO 00000 0OOOOO 00000 00000 0O000MOOOO 00000 00000 00000

AMCR 00000 00000 00000 00000 00000 00000 00000 @OOOOOOO 00000 00000
AMGO 01010 00000 10001 00000 00000 00000 00000 00001 0000@OOOO 00000
AMKE 00000 00100 00000 00000 00000 00000 00000 00000000 00000 00000
AMRO 00000 00000 00100 00010 01000 11111 10010 @0O100000 00000 00000
BCCH 00001 00000 00010 0O0OOOO 00000 00000 00000 @MOGWOOOO 00000 00000
BHCB 00000 00000 00000 00000 00000 00000 00000 @OODOOOO 00000 00000
BHGR 00000 00000 00000 00000 00000 00000 00011 @MDO1I@WOOO 00000 00000
BRBL 00000 00000 00000 00000 00000 00101 00100 @OOOOOOO 00000 00000
BUOR 00000 00000 00000 000OOO 00000 10000 00011 @DOGCWOOOO 00000 00000
BUTI 00000 00000 00000 00000 00000 00000 00000 ©@OOOOOOO 00000 00000
CAQU 00000 00000 00000 00000 00000 00000 00000 @OOCDOOOO 00000 00000
CEWA 00000 00000 00000 00000 000OO 00000 00010 @OGDOOOO 00000 00000
CHSP 10000 00000 00100 00000 00000 0O0O0OOO 00000 OOO@DWOOO 00000 00000
CORA 00000 00000 00000 00OOO 00000 00000 00000 OCWOOOO 00000 00000
COYT 00000 00000 00000 00000 0O0O0OO 00000 00000 @®OGmOOOO 00000 00000
DEJU 00000 00000 00000 00000 00000 00000 00000 @GOOG@DOOO 00000 01000
EUST 00000 00000 00000 10000 00011 00010 11111 10010010 00000 00000
HAWO 00000 00000 00000 00000 00000 00000 00000 00000 0COOMOOO0 00000
HOFI 00000 00000 00000 00000 00000 00000 00000 @OOMOOOO 00000 00000
HOSP 00000 00000 00000 00000 000OO 00000 00000 0OO@WOOO 00000 00000
HOWR 00000 00000 00000 00000 00000 00000 00000 00000 0000®MOOOO 00000
LAZB 00000 00000 00000 00000 00000 00000 00000 00000000 00000 00000
LEGO 00000 00000 01011 00000 00000 00000 00000 (WOGWO0O0 00000 00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00011
00000
00000
00000
00000
00000
00010

00000
10000
00000
00001
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
10000
00000
00000
00000
00000
00000
00008,

Continued ™



Table B4 (continued)

Site ID

Species

1

2

3

4

5

9

15

18 23

26

28

29

35

MODO
OCWA
PUFI
RBNU
RTHA
RWBL
SASP
SCJA
SOSP
SPTO
SWTH
TRSW
TUVU
VGSW
WBNU
WCSP
WEBL
WEKI
WETA
WEWP
WIWA
YEWA
YRWA

00000
00000
00000
00001
00000
00000
00000
00000
00000
10000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00011
00000
00000
01000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00010
00111
10000
00000
00000

00000
00000
00000
00000
10010
00000
00000
00000
00000
00000
00000
00000
00000
10011
00000
00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00001
00000
00000
00000
00000
00010
10000
00000
00000

00000
00000
00000
00000
00000
00000
00011
00000
00000
00000
00000
00000
00000
00000
00000
10100
00000
00000
00000
00000
00000
00000
00000

00000 0000@OOOO 00000 00010 00000
00000 0000@OOOO 00000 00000 00000

(DOGW000
®OGmO000
@0000100
@0000000
000@®O00
000@WO00
00000000
000@DO00
(DOAW000
(00@mO00
00001000
(DOAWOO00

00000
00000
01000
00000
00000
01101
01100
01110
00000
00000
00000
00000

00000 00000010

000@®O00
@0000000
©0000000
@0000000

00000
00000
00000
00000

00000 0000@O000

00000000
@0000000

00000
10000

00000
00000
00000
00000
01001
00000
00000
00000
00000
00000
00100
00000
00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
00000
00001
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

00000
00000
00000
00000
10001
00000
00000
00000
00000
00000
00000
00000
00001
00000
00000
00000
00000
00000
00000
00000

00000 0000@OO00 00000 00000 00000

[©)]
e}



Table B5: Species detection matrix of birds ussaate white oak legacy trees in 13 crop sitekénin the southern
Willamette Valley, OR between 15 May and 30 Jun@720

Site ID

Species 10 11 12 13 14 17 24 27 30 31 32 33 34

AMCR 00000 00000 00000 00000 00000 00000 00000 @®OOODOOOO 10000 01110 00001 00000
AMGO 01100 00000 10110 00000 000OO 10000 10000 000000101D0O0OOO 11100 01000 00000
AMKE 00000 00000 00010 00101 00000 000COO 00000 00000000 0O0OOO 00000 00000 00001
AMRO 01100 00010 00000 00000 00000 00000 01000 Q0101000 10100 00000 00OOOO 00000
BCCH 00000 00000 01000 000OO 00000 00000 00000 @MDOGWO00 00011 00000 00000 00000
BHCB 00000 00000 00000 000OO 00000 00000 10000 @®OOCDOOOO 0OOOOO 00000 00000 00000
BHGR 01000 00000 00000 10000 00000 00000 00000 @MDOGWO00 00001 00000 00000 00100
BRBL 00100 00000 00000 00000 00000 00000 00101 ®OOOOOOO OOOOO 00000 00000 00001
BUOR 00001 00000 00000 00000 0OO0OOO 00000 00001 @(MOGWO11 00010 00000 00O0OO 00000
CAQU 00000 00000 00000 00000 00000 00000 00000 @m10DOOOO 00000 00000 00000 00000
CEWA 00111 00000 00000 00000 00000 00100 00000 @M11@OOOO 00000 00000 00000 00000
CHSP 00100 00000 00000 00000 00100 00000 00000 OOO@IOOO 00001 00100 00000 00000
COYT 00000 00000 01100 000OO OOOOO 00000 00000 @OOCWOOOO 00000 00000 00000 00000
DEJU 10000 00000 00000 00000 00000 00000 00000 @OO@mMOOO 00000 00000 00000 00000
EUST 00000 00000 01000 00000 00000 O0OOOO 00010 (@©OOGW1O00 00101 11011 11101 00000
HAWO 00000 00000 00000 00000 00000 0O00OO 00000 00000OOOO@WOOOO 00100 00000 00000
HOFI 10110 00000 00000 00000 00001 00000 00000 @OOCAOOOO 00001 00000 00000 01000
HOSP 00000 00010 0O0O0OOO 00000 00000 00000 00000 0OOOM®OOO 00000 00000 00000 00000
LAZB 00000 00000 000OO 00000 00000 00000 00000 00000000 00010 00011 00000 00000
LEGO 00000 00000 00000 00000 0O0OOO 00000 0O0OOO (MOGMO10 00111 00000 00000 00000
MODO 00000 00000 00000 00000 00000 00000 00000 00000000O0®OOOO 00100 00100 00000
NOFL 00001 00000 00000 00000 00000 00000 00000 @OCWOOOO 00000 00000 00000 00000
RTHA 00000 00000 00000 00000 01000 00000 00000 @®OOODOOOO 00000 00000 00000 00010

Continued ©



Table B5 (continued)

Site ID
Species 10 11 12 13 14 17 24 27 30 31 32 33 34
RWBL 00000 00000 00000 01000 00000 00000 00000 @Q10D0000 00000 00000 00000 00000
SASP 00000 00000 00000 00000 00000 11110 11001 001DDOOO 00000 00000 00000 00000
SCJA 00000 00000 00000 00000 00000 00000 00000 0OO@MWOOO 00000 00000 00110 00000
SOSP 00010 00000 00000 00000 00000 00000 00000 00100000 00000 00000 00000 00000
SPTO 00001 00000 00000 00000 00000 00000 00000 0OOOODOOO 00000 00000 00000 00000
TRSW 00100 00000 00000 00000 00000 00000 00000 (MO@WOOO 00000 00000 00000 00000
WBNU 00000 10000 00000 00000 00001 00000 00000 @®OOODOOOO 00001 00010 00000 01011
WCSP 10110 00000 00000 00000 00000 11011 00000 111DDOOO 00001 11111 00000 00000
WEBL 00000 00000 00000 10000 00000 00000 00000 ®mOOMOOOO 00000 00000 00000 00000
WETA 00000 00000 00000 00000 01111 00000 00000 @®OOODOOOO 00000 10000 00000 00000
WEWP 00000 00000 00001 00000 00000 00000 00011 OO@DOOO 00000 00000 00000 00100

0L
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APPENDIX C: Community level model selection results. We caédadata on avian
use of 35 isolated white oak legacy trees in thetsorn Willamette Valley, OR
between 15 May and 30 June 2007.

Table C1: Model selection results for predictintat@pecies richness on isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Model K In(L) AlCc A AlCc w;
FOR(800) 3 -17.13 41.04 0.00 0.25
SIZE + CAVI + FOR(800) 5 -14.83 41.72 0.68 0.18
SIZE + CAVI 4 -16.59 42.50 1.46 0.12
intercept 2 -19.31 43.00 1.96 0.09
DIST.T + FOR(800) 4 -17.06 43.46 2.42 0.08
DIST.T 3 -18.51 43.78 2.74 0.06
SIZE + CAVI + DIST.T + FOR(800) 6 -14.64 4427 3.23 0.05
SIZE + CAVI + DIST.T 5 -16.55 45.17 4.13 0.03
TYPE 4 -18.04 45.42 4.38 0.03
FOR(800) + TYPE 5 -16.74 45.55 451 0.03
SIZE + CAVI + FOR(800) + TYPE 7 -13.72 45.58 4.54 0.03
SIZE + CAVI + TYPE 6 -15.38 45.75 4.71 0.02
DIST.T + TYPE 5 -17.81 47.68 6.64 0.01
FOR(800) + DIST.T + TYPE 6 -16.58 48.17 7.13 0.01
SIZE + CAVI + DIST.T + FOR(800)

+TYPE 8 -13.57 48.67 7.63 0.01
SIZE + CAVI + DIST.T + TYPE 7 -15.34 48.82 7.78 0.01

SIZE + CAVI + DIST.T + FOR(800) +
TYPE + DENS*TYPE 10 -12.32 53.80 12.76 0.00




Table C2: Model selection results for predicting@ps richness of oak savanna

12

associates on isolated white oak legacy treesisdlithern Willamette Valley, OR

between 15 May and 30 June 2007.

Model K In(L) AlCc A AlCc w;

SIZE + Oak(1400) -15.29 39.91 0.00 0.21
SIZE -16.59 39.95 0.03 0.21
OAK(1400) -16.74 40.24 0.33 0.18
intercept -18.56 41.49 1.57 0.10
SIZE + DIST.T -16.58 42.49 2.58 0.06
SIZE + DIST.T + OAK(1400) -15.25 42.56 2.65 0.06
DIST.T + OAK(1400) -16.69 42.71 2.79 0.05
DIST.T -18.20 43.18 3.27 0.04
SIZE + TYPE -16.03 4413 4.22 0.03
TYPE -17.84 45.02 5.10 0.02
SIZE + OAK(1400) + TYPE -15.05 45.09 5.18 0.02
OAK(1400) + TYPE -16.73 45.53 5.61 0.01
SIZE + DIST.T + TYPE -16.00 47.01 7.09 0.01
DIST.T + TYPE -17.79 47.65 7.74 0.00
SIZE + DIST.T + OAK(1400) + TYPE -15.01 48.17 8.26 0.00
DIST.T + OAK(1400) + TYPE -16.68 48.36 8.45 0.00
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Table C3: Model selection results for predictingetforaging species richness on
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15
May and 30 June 2007.

Model K In(L) AlCc A AlCc w;

SIZE 3 -16.99 40.75 0.00 0.33
SIZE + OAK(150) 4 -16.32 41.97 1.22 0.18
intercept 2 -19.23 42.83 2.08 0.12
SIZE + DIST.T 4 -16.98 43.30 255 0.09
SIZE + DIST.T + OAK(150) 5 -16.22 4451 3.76 0.05
DIST.T 3 -18.98 44.74 3.99 0.05
OAK(150) 3 -19.00 44.76 4.02 0.04
SIZE + TYPE 5 -16.54 45.16 441 0.04
SIZE + OAK(150) + TYPE 6 -15.32 45.64 4.89 0.03
DIST.T + OAK(150) 4 -18.34 46.02 5.27 0.02
TYPE 4 -19.11 47.54 6.79 0.01
SIZE + DIST.T + TYPE 6 -16.54 48.08 7.33 0.01
OAK(150) + TYPE 5 -18.09 48.24 7.49 0.01
SIZE + DIST.T + OAK(150) +TYPE 7 -15.29 48.74 7.99 0.01
DIST.T + TYPE 5 -18.95 49.97 9.22 0.00

DIST.T + OAK(150) + TYPE 6 -17.72 50.45 9.70 0.00
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Table C4: Model selection results for predictingn+icee foraging species richness on
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15
May and 30 June 2007.

Model K In(L) AlCc A AlCc w;

FOR(150) 3 -12.34 31.46 0.00 0.49
CAVI + OAK(150) 4 -12.26 33.86 2.40 0.15
DIST.T + OAK(150) 4 -12.34 34.02 2.56 0.14
intercept 2 -15.88 36.13 4.67 0.05
OAK(150) + TYPE 5 -12.14 36.35 4.89 0.04
CAVI + DIST.T + OAK(150) 5 -12.26 36.59 5.13 0.04
DIST.T 3 -15.29 37.35 5.88 0.03
CAVI 3 -15.46 37.69 6.23 0.02
TYPE 4 -14.70 38.73 7.27 0.01
CAVI + OAK(150) + TYPE 6 -11.93 38.86 7.39 0.01
DIST.T + OAK(150) + TYPE 6 -12.14 39.28 7.81 0.01
CAVI + DIST.T 4 -15.01 39.35 7.89 0.01
CAVI + TYPE 5 -14.51 41.08 9.62 0.00
DIST.T + TYPE 5 -14.58 41.23 9.77 0.00
CAVI + DIST.T + OAK(150) +TYPE 7 -11.92 41.99 10.53 0.00

CAVI + DIST.T + TYPE 6 -14.42 43.84 12.38 0.00
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APPENDIX D: Species-specific model selection results.
Table D1: Model selection results for predicting émcan Goldfinch use of isolated

white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Model K In(L) AlCc A AlCc w;

FOR 1400 5 -20.32 47.41 0.00 0.41
CAVI + FOR 1400 5 -20.13 49.59 2.18 0.14
DIST.T + FOR 1400 4 -20.22 49.78 2.37 0.13
intercept 7 -23.25 50.87 3.45 0.07
DIST.T 6 -22.38 51.53 4.12 0.05
CAVI + DIST.T + FOR 1400 4 -19.96 51.99 4.57 0.04
FOR 1400 + TYPE 5 -20.25 52.57 5.16 0.03
CAVI 6 -22.95 52.67 5.26 0.03
TYPE 6 -21.71 52.76 5.35 0.03
CAVI + DIST.T 5 -21.99 53.32 5.91 0.02
CAVI + TYPE 3 -21.19 54.45 7.04 0.01
DIST.T + FOR 1400 + TYPE 3 -20.07 55.14 7.73 0.01
CAVI + FOR 1400 + TYPE 2 -20.11 55.22 7.81 0.01
DIST.T + TYPE 4 -21.59 55.26 7.85 0.01
CAVI + DIST.T + TYPE 4 -21.00 57.00 9.58 0.00

CAVI + DIST.T + FOR 1400 + TYPE 3 -19.89 57.92 10.51 0.00

Table D2: Relative factor importance for predictiugerican Goldfinch use of
isolated white oak legacy trees in the southerrdmiétte Valley, OR between 15
May and 30 June 2007.

Hypothesis Weight
Tree 0.26
Distance 0.26
Density 0.77

Matrix 0.10
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Table D3: Model selection results for predicting émsan Robin use of isolated white
oak legacy trees in the southern Willamette Val@R between 15 May and 30 June
2007.

Model K In(L) AlCc A AlCc w;

DIST.P 3 -18.91 44.60 0.00 0.67
FOR700 3 -20.84 48.45 3.85 0.10
SIZE + FOR700 4 -20.82 50.97 6.37 0.03
FOR700 + TYPE 5 -19.81 51.70 7.10 0.02
intercept 2 -22.17 48.72 4.12 0.09
DIST.P + FOR700 4 -21.09 51.50 6.91 0.02
SIZE + DIST.P + FOR700 5 -19.69 51.45 6.86 0.02
SIZE + FOR700 + TYPE 6 -17.99 50.98 6.38 0.03
SIZE 3 -22.68 52.14 7.54 0.02
DIST.P + FOR700 + TYPE 6 -19.83 54.65 10.06 0.00
TYPE 4 -21.25 51.83 7.23 0.02
SIZE + DIST.P 4 -21.73 52.78 8.18 0.01
SIZE + TYPE 5 -21.61 55.29 10.69 0.00

SIZE + DIST.P + FOR700 + TYPE 7 -19.35 56.84 12.24 0.00

DIST.P + TYPE 5 -22.34 56.75 12.15 0.00

SIZE + DIST.P + TYPE 6 -20.72 56.45 11.85 0.00

Table D4: Relative factor importance for predictéugerican Robin use of isolated
white oak legacy trees in the southern Willametidiey, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.11
Distance 0.74
Density 0.26

Matrix 0.10
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Table D5: Model selection results for predictingu&{-capped Chickadee use of
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15
May and 30 June 2007.

Model K In(L) AlCc A AlCc w;

DIST.T 3 -12.36 31.49 0.00 0.29
DIST.T + OAK500 + TYPE 6 -8.71 32.42 0.93 0.18
DIST.T + OAK500 4 -11.95 33.23 1.74 0.12
COMP + DIST.T 4 -12.10 33.53 2.04 0.10
OAK500 3 -13.55 33.88 2.39 0.09
COMP + DIST.T + OAK500 +TYPE 7 -8.37 34.88 3.39 0.05
COMP + DIST.T + OAK500 5 -11.56 35.18 3.69 0.05
COMP + OAK500 4 -13.06 35.46 3.97 0.04
DIST.T + TYPE 5 -11.87 35.80 4.31 0.03
OAK500 +TYPE 5 -12.53 37.14 5.65 0.02
intercept 2 -16.51 37.40 591 0.01
COMP + DIST.T + TYPE 6 -11.69 38.39 6.90 0.01
COMP + OAK 500 + TYPE 6 -11.92 38.84 7.35 0.01
COMP 3 -16.15 39.07 7.58 0.01
TYPE 4 -15.89 41.12 9.63 0.00
COMP +TYPE 5 -15.52 43.11 11.62 0.00

Table D6: Relative factor importance for predictBigck-capped Chickadee use of
isolated white oak legacy trees in the southerridmiétte Valley, OR between 15
May and 30 June 2007.

Hypothesis Weight
Tree 0.26
Distance 0.83
Density 0.55

Matrix 0.30
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Table D7: Model selection results for predicting&k-headed Grosbeak use of
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15
May and 30 June 2007.

Model K In(L) AlCc A AlCc w;

SIZE + FOR100 4 -8.09 25.52 0.00 0.65
SIZE + DIST.T + FOR100 5 -8.05 28.16 2.64 0.17
SIZE + FOR100 + TYPE 6 -7.19 29.37 3.86 0.09
SIZE + DIST.T + FOR100 + TYPE 7 -7.03 32.20 6.69 0.02
FOR100 3 -12.76 32.30 6.78 0.02
DIST.T + FOR100 4 -12.16 33.65 8.13 0.01
DIST.T 3 -14.22 35.22 9.70 0.01
SIZE 3 -14.53 35.84 10.32 0.00
SIZE + DIST.T 4 -13.36 36.06 10.54 0.00
FOR100 + TYPE 5 -12.32 36.71 11.19 0.00
intercept 2 -16.51 37.40 11.89 0.00
TYPE 4 -14.05 37.43 11.91 0.00
SIZE + TYPE 5 -12.74 37.56 12.04 0.00
DIST.T + TYPE 5 -13.04 38.15 12.64 0.00
DIST.T + FOR100 + TYPE 6 -11.86 38.72 13.20 0.00
SIZE + DIST.T + TYPE 6 -12.27 39.55 14.03 0.00

Table D8: Relative factor importance for predictBigck-headed Grosbeak use of
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15
May and 30 June 2007.

Hypothesis Weight
Tree 0.95
Distance 0.22
Density 0.98

Matrix 0.13




79

Table D9: Model selection results for predictingg®er’s Blackbird use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Model K In(L) AlCc A AlCc w;

DIST.P 3 -12.64 32.05 0.00 0.32
DIST.P + FOR450 4 -12.05 33.43 1.39 0.16
FORA450 3 -13.72 34.21 2.16 0.11
CAVI + DIST.P 4 -12.45 34.24 2.19 0.11
DIST.P + TYPE 5 -11.35 34.78 2.73 0.08
CAVI + FOR450 4 -13.13 35.59 3.54 0.05
CAVI + DIST.P + FOR450 5 -11.78 35.63 3.58 0.05
intercept 2 -16.51 37.40 5.36 0.02
TYPE 4 -14.05 37.43 5.38 0.02
DIST.P + FOR450 + TYPE 6 -11.30 37.61 5.56 0.02
CAVI + DIST.P + TYPE 6 -11.32 37.63 5.59 0.02
FOR450 + TYPE 5 -13.32 38.71 6.66 0.01
CAVI 3 -16.14 39.04 7.00 0.01
CAVI + TYPE 5 -13.82 39.70 7.66 0.01
CAVI + DIST.P + FOR450 + TYPE 7 -11.22 40.58 8.53 0.00
CAVI + FOR450 + TYPE 6 -12.80 40.61 8.56 0.00

Table D10: Relative factor importance for predigtBrewer’s Blackbird use of
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15
May and 30 June 2007.

Hypothesis Weight
Tree 0.26
Distance 0.76
Density 0.41

Matrix 0.17
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Table D11: Model selection results for predictingllBck’s Oriole use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Model K In(L) AlCc A AlCc w;

intercept 2 -19.94 44.25 0.00 0.21
FOR150 3 -18.85 44.48 0.23 0.19
DIST.P 3 -19.06 44.90 0.65 0.15
CAVI 3 -19.26 45.30 1.05 0.12
DIST.P + FOR150 4 -18.49 46.31 2.05 0.08
CAVI + DIST.P 4 -18.50 46.33 2.07 0.07
CAVI + FOR150 4 -18.52 46.38 2.12 0.07
CAVI + DIST.P + FOR150 5 -18.15 48.37 411 0.03
TYPE 4 -19.82 48.96 4.71 0.02
FOR150 + TYPE 5 -18.69 49.45 5.20 0.02
DIST.P + TYPE 5 -19.04 50.15 5.89 0.01
CAVI + TYPE 5 -19.15 50.37 6.12 0.01
DIST.P + FOR150 + TYPE 6 -18.09 51.18 6.92 0.01
CAVI + FOR150 + TYPE 6 -18.45 51.91 7.65 0.00
CAVI + DIST.P + TYPE 6 -18.49 51.97 7.72 0.00
CAVI + DIST.P + FOR150 + TYPE 7 -17.92 53.99 9.74 0.00

Table D12: Relative factor importance for predigtBullock’s Oriole use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.32
Distance 0.35
Density 0.39

Matrix 0.07
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Table D13: Model selection results for predictingd@r Waxwing use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Model K In(L) AlCc A AlCc w;

FOR750 3 -5.04 16.85 0.00 0.66
DIST.P + FOR750 4 -4.93 19.19 2.34 0.21
SIZE + CAVI + FOR750 5 -4.90 21.87 5.02 0.05
FOR750 + TYPE 5 -5.01 22.09 5.23 0.05
SIZE + CAVI + DIST.P + FOR750 6 -4.74 24.49 7.64 0.01
DIST.P + FOR750 + TYPE 6 -4.89 24.78 7.93 0.01
SIZE + CAVI + FOR750 + TYPE 7 -4.87 27.88 11.03 0.00
DIST.P 3 -11.72 30.21 13.36 0.00
SIZE + CAVI + DIST.P + FOR750 + TYPE 8 -4.69 30.92 14.07 0.00
intercept 2 -13.35 31.08 14.23 0.00
SIZE + CAVI 4 -11.49 32.32 15.47 0.00
TYPE 4 -11.60 32.54 15.69 0.00
DIST.P + TYPE 5 -10.85 33.77 16.92 0.00
SIZE + CAVI + DIST.P 5 -11.49 35.05 18.20 0.00
SIZE + CAVI + TYPE 6 -11.06 37.11 20.26 0.00
SIZE + CAVI + DIST.P + TYPE 7 -9.94 38.02 21.17 0.00

Table D14: Relative factor importance for predigt@edar Waxwing use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.07
Distance 0.23
Density 1.00

Matrix 0.06
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Table D15: Model selection results for predictingigping Sparrow use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Model K In(L) AlCc A AlCc w;

SIZE + DIST.P + OAK1600 4 -12.57 37.20 0.00 0.52
SIZE + OAK1600 3 -15.39 40.11 291 0.12
SIZE 6 -16.73 40.24 3.04 0.11
SIZE + DIST.P 4 -15.81 40.94 3.75 0.08
SIZE + DIST.P + OAK1600 + TYPE 5 -11.83 41.81 4.61 0.05
DIST.P + OAK1600 2 -16.71 42.76 5.56 0.03
OAK1600 5 -18.25 43.27 6.07 0.02
SIZE + OAK1600 + TYPE 4 -14.57 4414 6.94 0.02
intercept 5 -19.94 44.25 7.05 0.02
SIZE + TYPE 6 -16.73 45.53 8.33 0.01
DIST.P + OAK1600 + TYPE 7 -15.53 46.06 8.86 0.01
SIZE + DIST.P + TYPE 3 -15.56 46.11 8.91 0.01
DIST.P 3 -19.73 46.24 9.04 0.01
OAK1600 + TYPE 6 -17.55 47.17 9.97 0.00
TYPE 4 -19.45 48.24 11.04 0.00
DIST.P + TYPE 5 -18.77 49.61 12.41 0.00

Table D16: Relative factor importance for predigt@hipping Sparrow use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.91
Distance 0.70
Density 0.77

Matrix 0.09




Table D17: Model selection results for predictingn@non Yellowthroat use of
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isolated white oak legacy trees in the southeriamiétte Valley, OR between 15

May and 30 June 2007.

Model K In(L) AlCc A AlCc w;

4 -10.61 30.56 0.00 0.50
COMP + OAK500

5 -10.51 33.09 2.53 0.14
COMP + DIST.P + OAK500

5 -11.08 34.22 3.66 0.08
COMP + TYPE

3 -13.96 34.70 4.14 0.06
OAK500

3 -14.10 34.97 4.41 0.06
COMP

6 -10.29 35.59 5.03 0.04
COMP + OAK500 + TYPE

4 -13.63 36.59 6.03 0.02
COMP + DIST.P

6 -11.03 37.06 6.50 0.02
COMP + DIST.P + TYPE

4 -13.96 37.25 6.69 0.02
DIST.P + OAK500

2 -16.51 37.40 6.84 0.02
intercept

4 -14.29 37.91 7.35 0.01
TYPE

3 -15.67 38.11 7.55 0.01
DIST.P

7 -10.10 38.35 7.79 0.01
COMP + DIST.P + OAK500 + TYPE

5 -13.71 39.49 8.93 0.01
OAK500 + TYPE

5 -14.28 40.62 10.07 0.00
DIST.P + TYPE

6 -13.71 42.41 11.86 0.00

DIST.P + OAK500 + TYPE

Table D18: Relative factor importance for predigtommon Yellowthroat use of
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15

May and 30 June 2007.

Hypothesis Weight
Tree 0.87
Distance 0.23
Density 0.78

Matrix 0.17
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Table D19: Model selection results for predicting@&ean Starling use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Model K In(L) AlCc A AlCc w;

OAK1600 3 -20.50 47.77 0.00 0.26
SIZE + OAK1600 4 -19.94 49.22 1.46 0.12
DIST.P + OAK1600 4 -20.29 49.92 2.16 0.09
OAK1600 + TYPE 5 -18.95 49.98 2.21 0.09
DIST.P 3 -21.64 50.05 2.29 0.08
intercept 2 -22.90 50.18 241 0.08
SIZE + DIST.P + OAK1600 5 -19.58 51.23 3.47 0.05
DIST.P + TYPE 5 -19.67 51.40 3.64 0.04
DIST.P + OAK1600 + TYPE 6 -18.23 51.46 3.70 0.04
SIZE + DIST.P 4 -21.11 51.56 3.80 0.04
TYPE 4 -21.18 51.69 3.92 0.04
SIZE 3 -22.71 52.19 4.42 0.03
SIZE + OAK1600 + TYPE 6 -18.86 52.73 4.96 0.02
SIZE + DIST.P + TYPE 6 -19.57 54.14 6.37 0.01
SIZE + TYPE 5 -21.13 54.32 6.56 0.01
SIZE + DIST.P + OAK1600 + TYPE 7 -18.10 54.34 6.58 0.01

Table D20: Relative factor importance for predigtiEuropean Starling use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.29
Distance 0.36
Density 0.67

Matrix 0.26
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Table D21: Model selection results for predictingude Finch use of isolated white
oak legacy trees in the southern Willamette Val@R between 15 May and 30 June
2007.

Model K In(L) AlCc A AlCc w;

SIZE + OAK400 4 -11.75 32.84 0.00 0.27
OAK400 3 -13.27 33.32 0.47 0.21
SIZE 3 -14.20 35.18 2.33 0.08
DIST.T + OAK400 4 -13.10 35.54 2.70 0.07
SIZE + DIST.T + OAK400 5 -11.75 35.58 2.74 0.07
TYPE 4 -13.24 35.82 2.98 0.06
SIZE + TYPE 5 -12.18 36.43 3.59 0.04
OAK400 + TYPE 5 -12.28 36.63 3.79 0.04
SIZE + DIST.T 4 -13.97 37.28 4.44 0.03
intercept 2 -16.51 37.40 4.56 0.03
SIZE + OAK400 + TYPE 6 -11.28 37.57 4.73 0.03
DIST.T 3 -15.44 37.65 4.81 0.02
DIST.T + TYPE 5 -13.08 38.22 5.38 0.02
SIZE + DIST.T + TYPE 6 -12.18 39.36 6.51 0.01
DIST.T + OAK400 + TYPE 6 -12.18 39.36 6.52 0.01
SIZE + DIST.T + OAK400 + TYPE 7 -11.28 40.72 7.87 0.01

Table D22: Relative factor importance for predigtidouse Finch use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.54
Distance 0.24
Density 0.70

Matrix 0.22
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Table D23: Model selection results for predictingude Wren use of isolated white
oak legacy trees in the southern Willamette Val@R between 15 May and 30 June
2007.

Model K In(L) AlCc A AlCc w;

FOR100 3 -6.40 19.58 0.00 0.52
CAVI + FOR100 4 -6.35 22.03 2.45 0.15
DIST.P + FOR100 4 -6.40 22.14 2.56 0.14
FOR100 + TYPE 5 -5.85 23.78 419 0.06
CAVI + DIST.P + FOR100 5 -6.35 24.77 5.18 0.04
CAVI + FOR100 + TYPE 6 -5.75 26.49 6.91 0.02
DIST.P + FOR100 + TYPE 6 -5.85 26.70 7.11 0.01
TYPE 4 -8.71 26.75 7.17 0.01
CAVI + TYPE 5 -7.84 27.76 8.18 0.01
CAVI + DIST.P 4 -9.26 27.85 8.27 0.01
DIST.P 3 -10.61 27.99 8.40 0.01
DIST.P + TYPE 5 -8.66 29.38 9.80 0.00
CAVI + DIST.P + FOR100 + TYPE 7 -5.74 29.64 10.06 0.00
CAVI 3 -11.67 30.12 10.54 0.00
CAVI + DIST.P + TYPE 6 -7.78 30.55 10.97 0.00
intercept 2 -13.35 31.08 11.50 0.00

Table D24: Relative factor importance for predigttdlouse Wren use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.23
Distance 0.22
Density 0.95

Matrix 0.13
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Table D25: Model selection results for predictirgglli Bunting use of isolated white
oak legacy trees in the southern Willamette Val@R between 15 May and 30 June
2007.

Model K In(L) AlCc A AlCc w;

TYPE 4 -14.93 39.19 0.00 0.23
DIST.T 3 -16.76 40.29 1.10 0.13
OAK50 3 -16.89 40.55 1.35 0.12
DIST.T + TYPE 5 -14.37 40.81 1.62 0.10
DIST.T + OAK50 4 -15.80 40.92 1.73 0.10
OAK50 +TYPE 5 -14.71 41.50 2.30 0.07
SIZE + TYPE 5 -14.82 41.71 2.52 0.07
SIZE + DIST.T 4 -16.75 42.83 3.63 0.04
SITE + OAK50 4 -16.82 42.97 3.78 0.03
DIST.T + OAK50 + TYPE 6 -14.30 43.60 4.41 0.03
SIZE + DIST.T + OAK50 5 -15.80 43.66 4.47 0.02
SIZE + DIST.T + TYPE 6 -14.36 43.72 453 0.02
SIZE + OAK50 + TYPE 6 -14.65 44.31 511 0.02
intercept 2 -20.79 45.95 6.76 0.01
SIZE + DIST.T + OAK50 + TYPE 7 -14.30 46.74 7.55 0.01
SIZE 3 -20.14 47.06 7.87 0.00

Table D26: Relative factor importance for predigtlrazuli Bunting use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.21
Distance 0.45
Density 0.39

Matrix 0.54
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Table D27: Model selection results for predictingsker Goldfinch use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Model K In(L) AlCc A AICc w;

DIST.P + FOR50 4 -12.86 35.04 0.00 0.30
FORS50 3 -14.45 35.68 0.63 0.22
intercept 2 -16.51 37.40 2.36 0.09
COMP + DIST.P + FOR50 5 -12.86 37.78 2.74 0.08
COMP + DIST.P 4 -14.31 37.96 291 0.07
DIST.P + TYPE 5 -13.06 38.20 3.15 0.06
DIST.P 3 -16.00 38.78 3.73 0.05
DIST.P + FOR50 + TYPE 6 -12.20 39.40 4.35 0.03
COMP 3 -16.36 39.50 4.46 0.03
COMP + FOR50 + TYPE 6 -13.01 41.02 5.97 0.02
COMP + DIST.P 4 -15.94 41.22 6.17 0.01
TYPE 4 -16.37 42.08 7.03 0.01
COMP + DIST.P + FOR50 + TYPE 7 -12.20 42.55 7.50 0.01
DIST.P + TYPE 5 -15.88 43.83 8.79 0.00
COMP + TYPE 5 -16.25 4457 9.53 0.00
COMP + DIST.P + TYPE 6 -15.84 46.68 11.63 0.00

Table D28: Relative factor importance for predigtlresser Goldfinch use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.22
Distance 0.49
Density 0.80

Matrix 0.14
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Table D29: Model selection results for predictingdRailed Hawk use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Model K In(L) AlCc A AlCc w;

SIZE 3 -10.27 27.32 0.00 0.23
SIZE + TYPE 5 -7.86 27.79 0.47 0.19
SIZE + FOR150 4 -9.44 28.22 0.90 0.15
SIZE + DIST.T 4 -10.09 29.51 2.20 0.08
SIZE + FOR150 + TYPE 6 -7.35 29.69 2.38 0.07
FOR150 3 -11.72 30.21 2.89 0.06
SIZE + DIST.T + TYPE 6 -7.84 30.68 3.36 0.04
SIZE + DIST.T + FOR150 5 -9.42 30.91 3.59 0.04
intercept 2 -13.35 31.08 3.77 0.04
DIST.T 3 -12.20 31.17 3.86 0.03
DIST.T + FOR150 4 -11.31 31.95 4.64 0.02
TYPE 4 -11.60 32.54 5.23 0.02
SIZE + DIST.T + FOR150 + TYPE 7 -7.35 32.84 5.52 0.01
FOR150 + TYPE 5 -10.81 33.69 6.37 0.01
DIST.T + TYPE 5 -11.04 34.15 6.83 0.01
DIST.T + FOR150 + TYPE 6 -10.50 36.00 8.68 0.00

Table D30: Relative factor importance for predigtiRed-tailed Hawk use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.81
Distance 0.24
Density 0.36

Matrix 0.35
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Table D31: Model selection results for predictirmy&inah Sparrow use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Model K In(L) AlCc A AlCc w;

SIZE + DIST.P + FOR150 5 -3.24 18.55 0.00 0.56
SIZE + DIST.P 4 -5.35 20.04 1.48 0.27
SIZE + FOR150 4 -6.34 22.01 3.46 0.10
SIZE + DIST.P + TYPE 6 -4.49 23.97 5.42 0.04
SIZE + DIST.P + FOR150 + TYPE 7 -3.13 24.41 5.85 0.03
SIZE + FOR150 + TYPE 6 -6.16 27.32 8.77 0.01
DIST.P + FOR150 4 -10.55 30.43 11.87 0.00
DIST.P 3 -12.15 31.07 12.51 0.00
FOR150 3 -12.24 31.24 12.69 0.00
SIZE + TYPE 5 -10.71 33.49 14.93 0.00
DIST.P + TYPE 5 -10.87 33.82 15.26 0.00
DIST.P + FOR150 + TYPE 6 -9.51 34.02 15.46 0.00
FOR150 + TYP[E 5 -11.19 34.45 15.90 0.00
SIZE 3 -14.40 35.57 17.02 0.00
intercept 2 -16.51 37.40 18.85 0.00
TYPE 4 -14.05 37.43 18.87 0.00

Table D32: Relative factor importance for predigtiBavanna Sparrow use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 1.00
Distance 0.89
Density 0.70

Matrix 0.08




91

Table D33: Model selection results for predictimang Sparrow use of isolated white
oak legacy trees in the southern Willamette Val@R between 15 May and 30 June
2007.

Model K In(L) AlCc A AlCc w;

COMP + FOR100 4 -9.51 28.35 0.00 0.25
FOR100 3 -10.79 28.36 0.01 0.25
FOR100 + TYPE 5 -9.22 30.51 2.16 0.09
COMP + FOR100 + TYPE 6 -7.90 30.80 2.45 0.07
DIST.T + FOR100 4 -10.76 30.86 2.52 0.07
COMP + DIST.T + FOR100 5 -9.46 30.99 2.64 0.07
intercept 2 -13.35 31.08 2.74 0.06
COMP 3 -12.53 31.84 3.49 0.04
DIST.T 3 -13.08 32.93 4.58 0.03
DIST.T + FOR100 + TYPE 6 -9.21 33.42 5.07 0.02
COMP + DIST.T 4 -12.21 33.75 5.40 0.02
COMP + DIST.T + FOR100 + TYPE 7 -7.90 33.94 5.60 0.02
TYPE 4 -13.30 35.94 7.59 0.01
COMP + TYPE 5 -12.48 37.03 8.69 0.00
DIST.T + TYPE 5 -13.07 38.21 9.87 0.00
COMP + DIST.T + TYPE 6 -12.21 39.41 11.07 0.00

Table D34: Relative factor importance for predigtiong Sparrow use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.47
Distance 0.22
Density 0.84

Matrix 0.21
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Table D35: Model selection results for predictingp®ed Towhee use of white oak
legacy trees in the southern Willamette Valley, kwveen 15 May and 30 June
2007.

Model K In(L) AlCc A AlCc w;

DIST.P 3 -12.75 32.27 0.00 0.23
OAK800 3 -12.90 32.58 0.32 0.19
TYPE 4 -12.23 33.80 1.53 0.10
DIST.P + OAKS800 4 -12.26 33.84 1.58 0.10
intercept 2 -15.04 34.45 2.18 0.08
COMP + DIST.P 4 -12.74 34.82 2.55 0.06
COMP + OAKS800 4 -12.83 34.99 2.72 0.06
DIST + TYPE 5 -11.85 35.77 3.50 0.04
COMP + TYPE 5 -12.09 36.25 3.99 0.03
OAK800 + TYPE 5 -12.19 36.44 4.18 0.03
COMP 3 -14.89 36.55 4.28 0.03
COMP + DIST.P + OAK800 5 -12.25 36.56 4.30 0.03
COMP + DIST.P + TYPE 6 -11.79 38.58 6.32 0.01
DIST.P + OAK800 + TYPE 6 -11.84 38.68 6.42 0.01
COMP + OAK800 + TYPE 6 -12.06 39.13 6.86 0.01
COMP + DIST.P + OAK800 + TYPE 7 -11.79 41.72 9.45 0.00

Table D36: Relative factor importance for predigtiBpotted Towhee use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.22
Distance 0.48
Density 0.43

Matrix 0.23
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Table D37: Model selection results for predictingstérn Scrub Jay use of isolated
white oak legacy trees in the southern Willametidiey, OR between 15 May and 30
June 2007.

Model K In(L) AlCc A AlCc w;

CAVI + FOR800 4 -7.20 23.74 0.00 0.57
CAVI + DIST.T + FOR800 5 -7.20 26.47 2.73 0.15
CAVI 3 -10.04 26.85 3.11 0.12
CAVI + DIST.T 4 -9.30 27.93 4.19 0.07
CAVI + FOR800 + TYPE 6 -7.31 29.62 5.88 0.03
CAVI + TYPE 5 -9.06 30.18 6.44 0.02
CAVI + DIST.T + FORS800 + TYPE 7 -6.47 31.08 7.34 0.01
FOR800 3 -12.66 32.10 8.36 0.01
CAVI + DIST.T + TYPE 6 -8.87 32.73 8.99 0.01
intercept 2 -15.04 34.45 10.71 0.00
DIST.T + FOR800 4 -12.66 34.66 10.92 0.00
DIST.T 3 -14.36 35.48 11.75 0.00
FORS800 + TYPE 5 -11.83 35.74 12.00 0.00
TYPE 4 -13.84 37.00 13.26 0.00
DIST.T + TYPE 5 -13.76 39.59 15.85 0.00
DIST.T + FOR800 + TYPE 6 -13.38 41.76 18.02 0.00

Table D38: Relative factor importance for predigtiWestern Scrub Jay use of
isolated white oak legacy trees in the southerrdmiétte Valley, OR between 15
May and 30 June 2007.

Hypothesis Weight
Tree 0.98
Distance 0.24
Density 0.77

Matrix 0.08
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Table D39: Model selection results for predicting3érn Tanager use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Model K In(L) AlCc A AlCc w;

SIZE 3 -10.81 28.39 0.00 0.34
SIZE + OAK3000 4 -9.73 28.79 0.40 0.28
intercept 2 -13.35 31.08 2.69 0.09
SIZE + DIST.T + OAK3000 5 -9.72 31.51 3.12 0.07
OAK3000 3 -12.87 3251 4.12 0.04
SIZE + TYPE 5 -10.26 32.59 4.20 0.04
DIST.T 3 -13.15 33.08 4.69 0.03
SIZE + OAK3000 + TYPE 6 -9.22 33.44 5.05 0.03
DIST.T + OAK3000 4 -12.38 34.10 5.71 0.02
SIZE + DIST.T 4 -12.74 34.82 6.43 0.01
SIZE + DIST.T + TYPE 6 -10.23 35.46 7.07 0.01
TYPE 4 -13.30 35.94 7.55 0.01
SIZE + DIST.T + OAK3000 + TYPE 7 -90.14 36.43 8.04 0.01
OAK3000 + TYPE 5 -12.30 36.68 8.29 0.01
DIST.T + TYPE 5 -13.15 38.37 9.97 0.00
DIST.T + OAK3000 + TYPE 6 -12.12 39.25 10.86 0.00

Table 40: Relative factor importance for predictiNgstern Tanager use of isolated
white oak legacy trees in the southern Willametadiay, OR between 15 May and 30
June 2007.

Hypothesis Weight
Tree 0.80
Distance 0.16
Density 0.46

Matrix 0.10




Table D41: Model selection results for predictingstérn Wood-pewee use of
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isolated white oak legacy trees in the southeriamiétte Valley, OR between 15

May and 30 June 2007.

Model K In(L) AlCc A AlCc w;

CAVI + OAK5000 4 -15.47 40.27 0.00 0.24
OAK5000 3 -16.84 40.45 0.18 0.22
CAVI 3 -17.04 40.85 0.57 0.18
intercept 2 -18.95 42.28 2.00 0.09
CAVI + DIST.P + OAK5000 5 -15.45 42.98 2.70 0.06
CAVI + DIST.P 4 -16.88 43.09 2.82 0.06
OAK5000 + TYPE 5 -16.03 44.12 3.85 0.04
CAVI + OAK5000 + TYPE 6 -14.73 44.47 4.19 0.03
DIST.P 3 -18.91 44.60 4.33 0.03
CAVI + TYPE 5 -16.95 45.97 5.70 0.01
DIST.P + OAK5000 4 -18.49 46.31 6.03 0.01
TYPE 4 -18.77 46.88 6.61 0.01
DIST.P + OAK5000 + TYPE 6 -16.03 47.06 6.78 0.01
CAVI + DIST.P + OAK5000 + TYPE 7 -14.67 47.49 7.21 0.01
CAVI + DIST.P + TYPE 6 -16.63 48.25 7.98 0.00
DIST.P + TYPE 5 -18.57 49.21 8.93 0.00

Table D42: Relative factor importance for predigtiWestern Wood-pewee use of
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15

May and 30 June 2007.

Hypothesis

Tree
Distance
Density
Matrix
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Table D43: Model selection results for predictingpit¥-breasted Nuthatch use of
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15

May and 30 June 2007.

Model K In(L) AlCc A AlCc w;

SIZE + COMP 4 -14.67 38.68 0.00 0.17
TYPE 4 -14.68 38.70 0.02 0.17
SIZE + COMP + TYPE 6 -12.33 39.66 0.98 0.11
intercept 2 -17.81 40.00 1.32 0.09
SIZE + COMP + FOR1000 5 -14.01 40.09 141 0.09
FOR1000 + TYPE 5 -14.32 40.71 2.03 0.06
SIZE + COMP + FOR1000 +TYPE 7 -11.62 41.38 2.70 0.05
SIZE + COMP + DIST.T 5 -14.67 41.42 2.74 0.04
DIST.T + TYPE 5 -14.68 41.43 2.75 0.04
DIST.T + TYPE 3 -17.41 41.59 291 0.04
SIZE + COMP + DIST.T + TYPE 7 -11.95 42.05 3.37 0.03
FOR1000 3 -17.76 42.29 3.61 0.03
DIST.T + FOR1000 4 -16.65 42.63 3.95 0.02
SIZE + COMP + DIST.T + FOR1000 6 -13.88 42.76 4.08 0.02
DIST.T + FOR1000 + TYPE 6 -14.32 43.64 4.96 0.01
SIZE + COMP + DIST.T + FOR1000 + TYPE 8 -11.19 43.91 5.23 0.01

Table D44: Relative factor importance for predigtiWhite-breasted Nuthatch use of
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15

May and 30 June 2007.

Hypothesis Weight
Tree 0.52
Distance 0.24
Density 0.30

Matrix 0.49
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Table D45: Model selection results for predictingpit¥-crowned Sparrow use of
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15
May and 30 June 2007.

Model K In(L) AlCc A AlCc w;

FOR150 3 -13.83 34.44 0.00 0.34
SIZE + FOR150 4 -12.68 34.69 0.25 0.30
DIST.P + FOR150 4 -13.76 36.86 2.42 0.10
SIZE + DIST.P + FOR150 5 -12.64 37.35 291 0.08
SIZE + FOR150 + TYPE 6 -11.62 38.24 3.79 0.05
FOR150 + TYPE 5 -13.22 38.51 4.07 0.04
intercept 2 -17.81 40.00 5.56 0.02
SIZE + DIST.P + FOR150 + TYPE 7 -11.59 41.33 6.89 0.01
DIST.P + FOR150 + TYPE 6 -13.19 41.38 6.94 0.01
DIST.P 3 -17.42 41.60 7.16 0.01
SIZE 3 -17.51 41.79 7.35 0.01
TYPE 4 -16.38 42.10 7.65 0.01
SIZE + TYPE 5 -15.20 42.47 8.03 0.01
SIZE + DIST.P 4 -16.95 43.23 8.79 0.00
DIST.P + TYPE 5 -16.33 44.73 10.29 0.00
SIZE + DIST.T + TYPE 6 -15.11 45.23 10.78 0.00

Table D46: Relative factor importance for predigtiWhite-crowned Sparrow use of
isolated white oak legacy trees in the southeriamiétte Valley, OR between 15
May and 30 June 2007.

Hypothesis Weight
Tree 0.46
Distance 0.22
Density 0.94

Matrix 0.13
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APPENDIX E: Explanatory variable data collected from 35 isadavhite oak
legacy trees in the southern Willamette Valley, kdwveen 15 May and 30 June
2007.

Table E1: Distance (m) of study trees to the nedres and patcte(5 contiguous
trees). We collected data from 35 isolated whitk legacy trees in the southern
Willamette Valley, OR between 15 May and 30 Jun@720

Site ID Distance Tree Distance Patch
1 34.16 34.16
2 76.61 76.61
3 39.54 105.12
4 156.81 156.81
5 55.67 119.77
6 43.40 43.4
7 59.15 68.13
8 27.68 79.71
9 75.30 133
10 111.71 175.51
11 55.48 55.48
12 90.75 118.18
13 92.39 92.39
14 87.58 162.71
15 148.43 555
16 33.24 33.24
17 71.02 287.91
18 107.34 107.34
19 21.25 21.25
20 94.74 94.74
21 32.08 32.08
22 68.16 82.86
23 128.37 207.59
24 85.24 504.75
25 155.64 274.66
26 104.54 104.54
27 113.01 113.01
28 133.16 133.16
29 47.82 47.82
30 251.50 251.5
31 53.53 53.53
32 118.00 189.25
33 85.30 404.79
34 278.88 278.88

w
(&)

96.01 141.84




Table E2: Tree characteristics data collected fBansolated white oak legacy trees in the southéittamette Valley, OR
between 15 May and 30 June 2007.

Height Basal Area Canopy Size Complexity
Site ID (m) (mz) Volume (m3) Index Deadlimbs Mistletoe  Lichen Index Cavities
1 15.29 0.72 4516.35 497.68 8 9 2 6 0
2 19.97 0.99 2323.97 461.32 11 10 1 5 16
3 19.71 0.85 4271.10 715.13 1 14 2 5 1
4 21.14 1.85 5357.06 2099.74 13 0 2 5 0
5 17.79 1.35 3159.04 757.47 12 1 2 5 4
6 13.32 0.60 4238.85 339.51 5 7 2 5 5
7 21.24 1.47 4902.91 1535.11 15 0 1 4 5
8 19.68 0.92 5261.82 948.63 15 10 2 6 4
9 22.58 0.61 3472.38 476.88 3 14 1 4 0
10 21.97 1.43 5654.02 1778.05 13 31 2 8 2
11 16.44 0.77 3264.00 413.06 5 2 1 3 2
12 18.4 1.00 4354.05 803.45 4 0 1 3 0
13 22.95 141 4922.88 1593.31 5 22 2 7 2
14 25.78 1.79 9780.74 4515.42 15 15 2 6 4
15 20.44 0.69 5426.69 761.60 3 6 2 5 3
16 18.21 1.10 685.57 137.69 6 10 2 6 1
17 16.43 0.64 1593.34 168.40 8 13 1 5 5
18 19.27 0.94 4150.27 754.27 2 21 2 7 0
19 21.86 0.68 3920.90 580.00 9 2 2 5 1
20 13.92 1.14 3154.94 500.62 11 1 2 5 0
21 14.4 0.31 1270.27 57.02 4 2 1 3 0
22 17.79 1.55 4147.71 1144.00 9 2 2 5 0
23 15.09 0.96 3833.86 554.80 12 21 1 7 0
24 20.05 0.79 4610.05 733.23 12 0 2 5 0
25 19.29 1.26 4250.12 1030.40 1 5 1 3 0
26 17.94 1.01 5431.30 985.84 3 1 1 3 0

Continued &



Table E2 (continued)

Height Basal Area Canopy Size Complexity
Site ID (m) (m?) Volume (m®)  Index  Deadlimbs Mistletoe  Lichen Index Cavities
27 14.6 0.70 2829.31 289.73 5 0 1 3 0
28 18.66 0.45 3193.34 266.77 7 17 1 6 0
29 16.7 0.77 1738.24 223.45 10 0 1 4 3
30 20.59 1.34 4159.49 1145.53 14 2 2 5 0
31 17.81 1.12 5264.38 1048.60 9 0 2 5 0
32 21 1.31 3879.42 1064.77 18 4 2 6 4
33 16.79 1.12 6779.90 1276.73 21 18 2 9 4
34 20.76 1.72 8184.32 2922.96 10 2 2 5 1
35 16.64 0.44 2792.96 205.32 12 0 2 5 0
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Table E3: Forest density (%) in buffer sizes fro@m to 800 m centered on 35 isolated white oastdgdrees in the southern

Willamette Valley, OR between 15 May and 30 Jun@720

Site

ID

Buffer Size (m)

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

O~NOOULPAWNPE

0.40
0.00
0.00
0.00
0.00
0.93
0.00
1.00
0.42
0.00
0.00
0.00
0.00
0.07
0.00
1.00
0.00
0.00
0.58
0.00
0.57
0.00
0.00
0.00
0.00

0.54
0.06
0.00
0.00
0.00
0.86
0.00
1.00
0.31
0.00
0.03
0.00
0.00
0.02
0.00
1.00
0.00
0.00
0.76
0.00
0.47
0.00
0.00
0.00
0.00

0.65
0.10
0.00
0.00
0.00
0.65
0.06
0.99
0.28
0.00
0.03
0.00
0.00
0.01
0.00
0.01
0.00
0.06
0.84
0.11
0.48
0.00
0.00
0.00
0.00

0.69
0.13
0.00
0.00
0.00
0.49
0.11
0.92
0.24
0.00
0.02
0.02
0.01
0.05
0.00
0.84
0.00
0.12
0.87
0.13
0.44
0.00
0.00
0.00
0.00

0.71
0.13
0.00
0.00
0.00
0.35
0.12
0.74
0.19
0.00
0.02
0.04
0.08
0.06
0.00
0.72
0.00
0.10
0.82
0.15
0.42
0.03
0.00
0.00
0.00

0.71
0.11
0.00
0.00
0.00
0.27
0.14
0.60
0.13
0.00
0.03
0.06
0.14
0.08
0.00
0.61
0.00
0.08
0.73
0.16
0.39
0.13
0.00
0.00
0.00

0.69
0.08
0.00
0.00
0.00
0.22
0.18
0.51
0.10
0.00
0.05
0.06
0.17
0.09
0.00
0.53
0.01
0.06
0.70
0.20
0.37
0.23
0.00
0.00
0.03

0.66
0.07
0.00
0.00
0.00
0.21
0.22
0.45
0.10
0.00
0.07
0.04
0.19
0.09
0.00
0.46
0.02
0.06
0.69
0.23
0.36
0.33
0.00
0.00
0.07

0.64
0.07
0.01
0.00
0.01
0.22
0.25
0.42
0.11
0.00
0.08
0.03
0.19
0.10
0.00
0.40
0.02
0.06
0.67
0.29
0.37
0.41
0.00
0.00
0.10

0.61
0.08
0.01
0.00
0.01
0.22
0.28
0.41
0.12
0.00
0.07
0.03
0.17
0.11
0.00
0.34
0.03
0.06
0.63
0.33
0.42
0.48
0.00
0.00
0.14

0.57
0.08
0.01
0.00
0.01
0.22
0.32
0.44
0.13
0.00
0.07
0.02
0.15
0.12
0.00
0.30
0.04
0.06
0.59
0.37
0.46
0.51
0.00
0.00
0.15

0.52
0.08
0.01
0.00
0.01
0.22
0.36
0.48
0.14
0.00
0.06
0.02
0.14
0.12
0.00
0.27
0.03
0.06
0.55
0.42
0.50
0.52
0.00
0.01
0.14

0.48
0.07
0.01
0.00
0.01
0.22
0.37
0.50
0.17
0.00
0.06
0.02
0.13
0.13
0.00
0.26
0.03
0.06
0.52
0.43
0.52
0.51
0.01
0.01
0.13

0.44
0.07
0.01
0.00
0.02
0.22
0.37
0.51
0.19
0.00
0.06
0.01
0.13
0.14
0.00
0.27
0.03
0.07
0.49
0.45
0.54
0.49
0.02
0.01
0.12

0.41
0.06
0.01
0.00
0.04
0.22
0.36
0.50
0.20
0.00
0.05
0.01
0.14
0.13
0.00
0.29
0.02
0.07
0.47
0.46
0.56
0.48
0.02
0.01
0.12

0.39
0.06
0.01
0.00
0.05
0.23
0.35
0.48
0.20
0.01
0.05
0.01
0.14
0.13
0.00
0.30
0.02
0.06
0.46
0.47
0.57
0.47
0.03
0.01
0.01

Continued §



Table E3 (continued)

Buffer Size (m)

Site

ID 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
26 0.00 000 0.01 010 0.16 0.18 0.16 0.15 0.14 013 0.13 0.12 012 0.12 011 0112
27 0.00 0.00 0.00 0.00 000 O0.00 000 000 000 000 000 000 000 0.00 0.00 0.02
28 0.00 0.00 0.00 000 000 0.01 004 008 0.12 015 0.16 0.18 0.20 0.21 0.23 0.24
29 0.00 001 o0.07 0.12 0.124 0.15 0.16 0.18 0.19 020 0.19 0.18 0.18 0.18 0.19 0.9
30 0.00 000 000 000 001 005 006 005 004 003 003 002 002 0.03 004 o0.04
31 000 0.00 000 000 0.00 000 000 0.00 000 000 0.00 0.00 000 0.00 0.00 0.02
32 000 0.00 0.00 002 0.04 0.07 010 0.13 0.15 0.17 0.17 0.17 017 0.16 0.15 0.15
33 000 0.00 0.00 000 0.00 0.00 000 0.00 0.01 004 0.07 009 010 0.11 0.12 0.12
34 000 0.00 0.00 000 0.00 000 000 0.01 0.02 006 0.09 010 0.09 0.08 0.07 0.06
35 0.00 0.00 0.00 0.04 008 0.10 0.10 0.09 0.07r 0.07 006 0.06 0.05 0.04 0.04 0.03

20T



Table E4: Forest density (%) in buffer sizes fr@® m to 5000 m centered on 35 isolated white egédy trees in the
southern Willamette Valley, OR between 15 May a@d@ne 2007.

Buffer Size (m)

Site

ID 850 900 950 1000 1200 1400 1600 1800 2000 2500 3000 3500 4000 4500 5000
1 036 033 031 031 026 025 025 025 025 023 020 0.17 0.17 0.17 0.17
2 005 0.05 005 005 0.05 004 0.04 003 0.03 0.03 0.03 0.03 0.04 0.05 0.05
3 002 0.03 004 005 0.04 003 0.02 002 0.04 0.08 0.08 0.08 0.08 0.08 0.08
4 000 0.00 001 0.01 001 001 001 0.02 0.02 002 0.02 0.02 0.02 0.02 0.04
5 005 005 005 005 004 003 002 004 006 0.08 0.08 0.09 0.09 0.08 0.08
6 023 024 025 026 026 0.23 018 0.14 0.12 0.09 0.07r 0.07 0.06 0.06 0.05
7 034 033 031 029 026 0.22 017 014 0.12 0.09 0.07r 0.06 0.06 0.05 0.05
8 046 044 041 038 029 0.22 017 014 0.12 0.09 0.08 0.07 0.06 0.05 0.05
9 021 021 021 021 021 021 020 019 0.18 0.17 0.7 0.15 0.12 0.11 0.09
10 0.02 0.03 0.04 0.04 008 0.09 0.11 0.12 0.12 0.10 0.09 0.08 0.08 0.09 0.09
11 0.05 0.05 0.04 0.05 005 0.05 007 0.08 0.09 007 005 005 0.06 0.07 0.08
12 0.01 0.01 0.01 0.02 003 005 005 0.05 005 0.06 0.06 006 0.05 005 0.04
13 0.14 0.14 014 0.14 013 0.13 0.13 013 0.12 011 0.12 0412 0.12 012 011
14 0.12 0.12 0.12 0.12 0.12 0.13 0.13 0.13 0.12 011 0.11 04112 0.10 0.09 0.08
15 0.00 0.01 001 0.01 001 0.02 003 003 002 002 003 004 0.04 0.05 0.05
16 032 034 036 037 042 042 038 037 036 032 029 025 0.212 019 0.18
17 0.02 0.02 0.02 0.02 001 0.01 002 0.03 004 003 0.04 006 0.07 0.07 0.07
18 0.06 0.05 0.05 0.04 004 0.05 006 0.07 008 016 019 019 019 0.21 0.23
19 0.44 043 042 041 038 039 039 039 039 039 037 031 027 025 0.23
20 0.47 047 046 045 042 039 037 035 033 033 031 030 026 024 0.23
21 058 058 058 057 055 053 051 050 049 045 039 032 0.27 023 0.22
22 046 044 043 041 037 035 033 032 030 030 030 030 029 0.25 0.z23
23 0.03 0.03 0.03 003 003 003 003 003 0.03 002 002 003 0.03 0.05 o0.07
24 0.01 001 001 001 000 001 001 002 0.02 003 005 004 004 004 0.04
25 0.10 0.09 0.08 008 0.10 0.08 0.07 006 006 0.11 014 0.13 011 0.11 0.10

Continued ©
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TableE4 (continued)

Buffer Size (m)

Site

ID 850 900 950 1000 1200 1400 1600 1800 2000 2500 3000 3500 4000 4500 5000
26 0.10 0.09 0.09 0.08 o0.0r 0.07 0.0r o007 007 011 015 0.15 014 0.13 0.13
27 0.02 003 0.04 006 0.12 0.16 0.18 0.17 0.16 011 0.08 0.06 0.05 0.05 0.06
28 026 028 029 031 034 03 034 033 031 026 0212 0.16 014 0.13 0.13
29 0.19 019 0.19 018 0.15 012 0.10 0.122 013 0.13 012 0.11 04112 0.10 0.09
30 0.05 004 005 005 006 005 004 003 003 003 005 0211 0415 0.15 0.13
31 002 0.02 002 0.02 003 004 004 005 0.06 006 011 0.14 0.13 0.14 0.14
32 014 014 013 0.13 0.14 014 0.15 0416 0.15 0.15 0.13 0.11 0.11 0.10 0.09
33 011 0.11 010 0.09 0.07 0.06 0.04 004 0.03 003 0.03 0.04 0.06 0.06 0.07
34 006 0.06 006 0.06 007 0.09 009 009 0.09 008 0.08 0.09 0.09 0.08 0.08
35 0.03 0.03 0.03 004 006 006 009 005 004 005 0.05 0.06 0.07 0.06 0.05
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Table E5: Oak density (%) in buffer sizes from 5@on800 m centered on 35 isolated white oak led¢@®s in the southern

Willamette Valley, OR between 15 May and 30 Jun@720

Site

ID

Buffer Size (m)

50

100

150

200

250

300

350

400

450

500

550

600

650

700

750

800

O©oOoO~NOULhr, WNPE

0.40
0.00
0.00
0.00
0.00
0.93
0.00
1.00
0.42
0.00
0.00
0.00
0.00
0.07
0.00
1.00
0.00
0.00
0.58
0.00
0.57
0.00
0.00
0.00
0.00

0.54
0.06
0.00
0.00
0.00
0.86
0.00
1.00
0.31
0.00
0.03
0.00
0.00
0.02
0.00
1.00
0.00
0.00
0.76
0.00
0.47
0.00
0.00
0.00
0.00

0.65
0.10
0.00
0.00
0.00
0.65
0.06
0.98
0.28
0.00
0.03
0.00
0.00
0.01
0.00
0.01
0.00
0.06
0.84
0.11
0.48
0.00
0.00
0.00
0.00

0.69
0.13
0.00
0.00
0.00
0.49
0.11
0.85
0.24
0.00
0.02
0.02
0.01
0.01
0.00
0.84
0.00
0.12
0.87
0.13
0.44
0.00
0.00
0.00
0.00

0.71
0.13
0.00
0.00
0.00
0.35
0.12
0.64
0.19
0.00
0.02
0.04
0.08
0.01
0.00
0.72
0.00
0.10
0.82
0.00
0.42
0.03
0.00
0.00
0.00

0.71
0.11
0.00
0.00
0.00
0.27
0.14
0.48
0.13
0.00
0.03
0.06
0.14
0.03
0.00
0.61
0.00
0.08
0.72
0.01
0.39
0.13
0.00
0.00
0.00

0.69
0.08
0.00
0.00
0.00
0.22
0.18
0.37
0.10
0.00
0.05
0.06
0.17
0.04
0.00
0.53
0.01
0.06
0.66
0.04
0.36
0.23
0.00
0.00
0.03

0.66
0.07
0.00
0.00
0.00
0.21
0.22
0.28
0.10
0.00
0.07
0.04
0.19
0.05
0.00
0.46
0.02
0.06
0.63
0.07
0.34
0.33
0.00
0.00
0.07

0.64
0.07
0.01
0.00
0.01
0.22
0.22
0.23
0.11
0.00
0.08
0.03
0.19
0.06
0.00
0.40
0.02
0.06
0.60
0.09
0.34
0.41
0.00
0.00
0.10

0.61
0.07
0.01
0.00
0.01
0.22
0.22
0.21
0.12
0.00
0.07
0.03
0.17
0.08
0.00
0.34
0.03
0.06
0.57
0.10
0.30
0.48
0.00
0.00
0.14

0.57
0.08
0.01
0.00
0.01
0.22
0.22
0.21
0.13
0.00
0.07
0.02
0.15
0.09
0.00
0.30
0.04
0.06
0.53
0.12
0.40
0.51
0.00
0.00
0.15

0.52
0.07
0.01
0.00
0.01
0.22
0.23
0.23
0.14
0.00
0.06
0.02
0.14
0.10
0.00
0.27
0.03
0.06
0.51
0.14
0.43
0.51
0.00
0.01
0.14

0.48
0.07
0.01
0.00
0.01
0.22
0.23
0.24
0.17
0.00
0.06
0.02
0.13
0.11
0.00
0.23
0.03
0.06
0.48
0.16
0.44
0.48
0.01
0.01
0.13

0.44
0.07
0.01
0.00
0.02
0.21
0.22
0.23
0.19
0.00
0.06
0.01
0.13
0.12
0.00
0.21
0.03
0.07
0.46
0.18
0.45
0.46
0.02
0.01
0.12

0.41
0.06
0.01
0.00
0.04
0.20
0.21
0.22
0.20
0.00
0.05
0.01
0.13
0.12
0.00
0.19
0.02
0.07
0.44
0.18
0.45
0.44
0.02
0.01
0.12

0.37
0.05
0.01
0.00
0.05
0.23
0.19
0.21
0.20
0.01
0.05
0.01
0.14
0.12
0.00
0.17
0.02
0.06
0.43
0.18
0.45
0.42
0.03
0.01
0.01

Continued 5

bl

-~



Table E5 (continued)

Buffer Size (m)

Site

ID 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
26 0.00 000 0.01 010 0.16 0.18 0.16 0.15 0.14 013 0.13 0.12 012 0.12 011 0112
27 0.00 0.00 0.00 0.00 000 O0.00 000 000 000 000 000 000 000 0.00 0.00 0.02
28 0.00 0.00 0.00 0.00 000 0.00 000 002 0.03 005 0.07 009 010 0.11 0.12 0.13
29 0.00 001 o0.07 0.12 0.124 0.15 0.16 0.18 0.19 020 0.19 0.18 0.18 0.18 0.19 0.9
30 0.00 000 000 000 001 005 006 005 004 003 003 002 002 0.03 004 o0.04
31 000 0.00 000 000 0.00 000 000 0.00 000 000 0.00 0.00 000 0.00 0.00 0.02
32 000 0.00 0.00 002 0.04 0.07 010 0.13 0.15 0.17 0.17 0.17 017 0.16 0.15 0.15
33 000 0.00 0.00 000 0.00 0.00 000 0.00 0.01 004 0.07 009 010 0.11 0.12 0.12
34 000 0.00 0.00 000 0.00 000 000 0.01 0.02 006 0.09 010 0.09 0.08 0.07 0.06
35 0.00 0.00 0.00 0.04 008 0.10 0.10 0.09 0.07r 0.07 006 0.06 0.05 0.04 0.04 0.03

20T



Table E6: Oak density (%) in buffer sizes from 8@ 5000 m centered on 35 isolated white oak pgr@es in the southern
Willamette Valley, OR between 15 May and 30 Jun@720

Buffer Size (m)

Site

ID 850 900 950 1000 1200 1400 1600 1800 2000 2500 3000 3500 4000 4500 5000
1 033 030 028 026 019 0.15 0.13 0.12 0.3 0.15 0.14 0.13 0.13 0.13 0.14
2 0.05 005 005 005 005 004 0.03 0.03 0.02 002 0.02 002 003 0.03 0.64
3 0.02 0.03 004 005 004 003 002 0.02 002 0.04 004 005 0.06 0.06 0.06
4 0.00 000 001 001 001 001 001 002 0.02 0.02 002 0.02 0.02 0.02 0.038
5 0.05 0.05 005 005 004 003 002 0.03 0.04 0.04 005 0.06 0.07 0.07 0.06
6 0.18 0.17 0.16 0.15 0.13 0.10 0.08 0.07 0.06 0.05 0.04 0.04 0.03 0.04 0.04
7 0.18 0.17 0.15 0.14 0.11 0.10 0.08 0.07 0.06 0.05 0.04 0.04 0.03 0.03 0.03
8 020 0.19 0.17 0.16 0.12 0.10 0.08 0.07 0.06 0.05 0.04 0.04 0.03 0.03 0.03
9 021 021 021 021 021 021 020 0.19 0.17 0.15 0.13 0.1 0.0 0.09 0.07
10 0.02 0.03 0.04 0.04 0.06 0.07 009 010 0.09 0.07 0.07 0.07 0.07r 0.08 0.08
11 0.05 005 0.04 0.05 0.05 0.05 007 008 008 0.06 0.05 0.04 0.06 0.06 0.06
12 0.01 001 0.01 0.02 0.03 005 005 005 005 0.06 0.06 0.06 0.05 0.05 0.04
13 0.13 0.13 0.12 0.12 011 0.11 0.10 0.09 0.09 0.08 0.10 0.11 0.10 0.1 o0.10
14 0.11 0.1 0.11 0.10 0.09 0.08 0.10 0410 0.09 0.09 0.10 0.10 0.09 0.08 0.08
15 0.00 0.01 0.01 0.01 0.00 001 001 001 0.01 0.01 0.03 0.03 0.03 004 0.04
16 0.14 0.15 0.15 0.15 0.15 0.13 0.13 0.5 0.7 0.19 0.17 0.16 0.14 0.13 0.13
17 0.02 0.02 0.02 0.02 0.01 001 0.02 003 004 0.03 0.03 0.05 0.06 0.07 0.07
18 0.06 0.05 0.05 0.04 0.04 005 006 007 008 0.16 0.17 0.16 0.15 0.14 0.15
19 042 041 040 039 034 030 027 024 020 0419 021 0.18 0.17 0.16 0.7
20 0.18 0.18 0.17 0.16 0.14 0413 0412 0.11 011 0.14 0.16 0.16 0.5 0.15 0.15
21 044 042 041 039 033 029 029 029 029 026 022 019 0.16 0.15 0.15
22 039 037 035 033 027 025 023 022 020 0.17 0.15 0.7 0.19 0.17 0.16
23 0.03 0.03 0.03 003 003 003 003 0.03 003 0.02 002 003 003 0.05 0.07
24 001 0.01 001 001 000 001 001 0.02 0.02 0.03 005 004 0.04 0.04 0.04
25 010 0.09 0.08 0.08 0.10 0.08 007 0.06 0.06 0.11 0.14 0.12 0.10 0.09 0.08

Continued '§



Table E6 (continued)

Buffer Size (m)

Site

ID 850 900 950 1000 1200 1400 1600 1800 2000 2500 3000 3500 4000 4500 5000
26 0.10 0.09 0.09 0.08 o0.0r 0.07 0.0r 007 007 011 014 0.13 0112 0.09 0.09
27 0.02 003 0.04 006 0.12 0.16 0.18 0.17 0.16 011 0.08 0.06 0.05 0.05 0.06
28 0.14 0.15 0.16 018 0.21 020 0.18 0.15 0.14 0.12 0.10 0.08 0.07 o0.07r o0.08
29 0.19 019 0.19 018 0.15 012 0.10 011 012 011 0112 0.1 040 0.09 0.09
30 0.05 004 005 005 006 005 004 003 003 003 003 005 0.08 0.08 0.08
31 0.02 0.02 002 0.02 003 0.03 003 004 0.03 003 0.06 0.06 0.06 0.07 0.08
32 014 014 013 0.13 0.08 0.06 0.05 0.06 0.07 0.08 0.08 0.08 0.08 0.08 0.07
33 011 0.11 010 0.09 0.07 0.06 0.04 004 0.03 003 0.03 0.02 0.04 0.04 0.05
34 006 0.06 006 0.05 006 0.07 008 008 0.08 008 0.08 0.08 0.08 0.07 0.08
35 0.03 0.03 0.03 004 0.06 006 005 005 004 004 004 0.05 0.06 0.05 0.04

30T
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Appendix F: Lepidopteran use of isolate white oak legacystiaghe southern

Willamette Valley.
Introduction

| also evaluated caterpillar (Lepidopteran sppe) afsisolated white oak legacy
trees. Using an approach similar to the avian gfaitte study, my objective was to
assess the relative importance of four factorsghoto influence Lepidopteran use of
white oak trees. Specifically, | tested whetheritdepteran use of isolated white oak
legacy trees is best explained by: (i) the charesties of the tree itself; (ii) the
distance of the tree to the nearest tree or pétjithe density of forest or oak-
specific vegetation in the surrounding landscapd; (&) the matrix in which the tree
is embedded. | investigated the response of specieness and species-specific
responses.

The response of Lepidoptera is expected to diffanfthat of birds due to
differences in relative mobility and food resourequirements. For assessing how
characteristics of the tree itself might affect idgpteran response, the plant-
architecture hypothesis has been suggested foaiekmy species richness patterns on
host plants (Lawton 1983). In essence, the plestitecture hypothesis predicts that
larger, more structurally diverse plants will harb@her herbivorous insect species
richness than smaller plants. Further, a largeremstructurally diverse tree will
likely harbor higher invertebrate herbivore aburadsthan a smaller tree (Campos et

al 2006). Studies testing this hypothesis havedyred results both supporting
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(Araujo et al 2006, Campos et al 2006) and rejgdiarques et al 2000) its central

prediction.

Lepidopteran response to the relative isolatioa white oak tree will likely be
affected by the relative permeability of the intamng matrix and species-specific
dispersal capabilities (Kupfer et al 2006). Fosthgpecific species in particular, the
effect of increasing tree isolation may be mosnprtmced when the intervening
matrix is significantly different from its histoat native condition (Steffan-Dewenter
2003). In the context of this study, Lepidoptevdrite oak specialists are thus likely
to be most affected by isolation, particularly wianindividual tree is embedded in a
homogenous cropland site and situated beyond theated historical spacing of
savanna-form white oak trees in the Willamette &a(20 — 80 m spacing — Bart
Johnson, personal communication).

When considering Lepidopteran response to the tyeoisiorest or oak-
specific vegetation in the surrounding landscape résource concentration
hypothesis (Root 1973) has been used to explamvoee densities on habitat
fragments. Compared to fragments that have hightgliversity, fragments that are
low in plant diversity but high in density of a paualar plant will have lower
invertebrate herbivore species richness but highendances of invertebrate species
specialized to the dominant plant. In the contéxhis study, then, the resource
concentration hypothesis predicts that Lepidoptsgeties richness will decrease on
an individual oak tree but abundances of a fewigpstcherbivore species will

increase with decreasing forest or oak-specificitemn the surrounding landscape.
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Methods

Site Selection

| sampled a subset of the study sites used foavten part of the study (see
Chapter 2 Methods). The main criterion for a sttrdg to be selected for
Lepidopteran sampling was the height of the trempg from the ground. | sampled
only those study trees that had a canopy thatlda@asonably reach with a 2-m
ladder. Consequently, | sampled 24 of the 35 strebs for Lepidopteran use as 11
trees had inaccessible canopies that had been édningh by landowners to
minimize the tree’s impact on agricultural prodoatiNine trees were situated in oak
savanna reserves, ten in pastures and five inamdpl
Lepidopteran Sampling

| conducted Lepidopteran surveys between 4 Jud@dune 2007. Within
this time frame, | visited each tree twice with leacsit separated by at least 10 days.
During each survey, | randomly selected six braathat could reasonably be reached
with a 2-m ladder from the lower tree canopy angleyed a beat sampling method
to sample for caterpillars. | beat each branchaiaghly with a 75-cm long by 4-cm
diameter piece of oak doweling to dislodge catkgsilinto a 1-rhcanvas beating
tray. After each beat sample, | thoroughly inspd¢he canvas tray for caterpillars. |
identified caterpillars to species where possibie @ecorded the number of
individuals of each species. For caterpillars tmatld not be identified in the field, |

collected one individual for later identificatiossastance from Jeff Miller, Ph.D., an
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Oregon State University entomologist. Due to theiclear taxonomy, micromoth

caterpillars were identified only to family.

To quantify sampling effort, | counted the numbgleaves sampled during
each beating effort. For community-level responkds/ided the number of
caterpillar species detected by the number of lkegaenpled to calculate the number
of species per leaf at each site. For speciesfgpexsponses, | divided the number of
individuals of each species encountered by the mumbleaves sampled to calculate
the number of individuals per leaf at each sitébdth instances, | multiplied the
number per leaf value by 100 for convenience ierldata analysis.

Site and Landscape Variables

At the site level, | collected data on tree simd Eeaf nitrogen content to
determine how characteristics of the tree itsdd@éd caterpillar use. For tree size, |
used the same tree size index values as calcuatety the avian part of the study
(see Chapter 2: Methods). Because variabilitgai phenology between individual
oak trees may affect Lepidopteran herbivory past€8uzuki 1998, Murakami et al
2005), | collected 50-100 leaves from each stuely &nd had these leaf samples later
analyzed for leaf nitrogen content by the Orega@teStUniversity Central Analytical
Laboratory.

To determine how the spatial context of the stielg affected Lepidopteran
use, | used the distance and vegetation variakleseasured during the avian part of
the study (see Chapter 2: Methods). | used prodiacns (Holland et al 2004) to

determine the characteristic scale of Lepidopteegponse to vegetation density.
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Data Analysis

Using methods developed in the avian part of thdystl used a two stage
model selection approach to assess how the explgnatriables influenced
Lepidopteran use of these individual trees (Burni8aAnderson 2002). | developed
the followinga priori models describing the tree characteristics, digtamd
vegetation density factors using Poisson log-limegression to assess species-
specific responses and the response of speciesash

I.  Tree characteristics
Number of caterpillars / leaf = tree size indexeafinitrogen content
ii. Distance
Number of caterpillars / leaf = distance to neanest
and
Number of caterpillars / leaf = distance to neapagth
iii.  Vegetation density
Number of caterpillars / leaf = forest vegetati@msity at characteristic
scale of response

and

Number of caterpillars / leaf = oak vegetation dgrest characteristic
scale of response

Using Akaike’s Information Criterion with a smalmple size correction
factor (AIC,), | evaluated all models within each explanatagtér and, for tree
characteristics, all subsets of the full two-valeaimodel. In the first stage of model
selection, | selected the model with the lowest Al@lue as the most parsimonious

model for each factor. In the second stage of ing&lection, | combined the top
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model for each factor along with an indicator vialgsfor the site (or matrix) type and

fit this model to the data:

Number of caterpillars / leaf = top tree charasteas model + top distance
model + top vegetation density model + matrix
indicator variable

For this model, the matrix indicator variable wasegorical with the reference
variable being oak savanna reserve. | ran alledslasf this model to arrive at an
overall best model for the response of speciesiest and species-specific responses
where possible. To evaluate the strength of ewiddor a given model, | assessed

model weights (see Chapter 2: Methods) and 90%aemte intervals of parameter

estimates within each model.

Results

| recorded 214 individual caterpillars, represegtl!3 Lepidopteran species
and 1 micromoth family, using the selected indialdinees from surveys conducted
between 4 June and 29 June 2007 (Tables F1-2)roMath species of the family
Tortricidae were the most frequently encounterddrpdlar (n = 86). Among
macromoth specieBesmaguercivorariawere the most frequently detected
caterpillars.

Unexpected low abundances of caterpillars samp@edyuhe selected trees
impacted the analysis of Lepidopteran responseg@xplanatory variables. The top
model for explaining Lepidopteran use was the agpt model (Table F3). All of the

other species richness models had Al@lues that were within 2 Alunits of each
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other. Moreover, the values of the single-variabtedels representing the tree

characteristics, distance, and density factorsadlhad AIG values that were within
0.11 of each other, making discrimination betweamgeting models difficult.
Assessing parameters within the model set, allrpater estimates had relatively large
standard errors with 90% confidence intervals Wexte closely centered on zero
(Table F3). These results indicate that the respaiata collected was insufficient to
discriminate how the explanatory variables affedtegidopteran use of individual

oak trees. The results of species-specific regmfmdlowed a similar pattern as no
one species was sufficiently abundant to allowrsjrmferences to be made about how

the explanatory variables affected species-spacse
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Table F1: Lepidopteran caterpillars detected usolated white oak legacy trees in
the Willamette Valley, Oregon during surveys cortdddetween 4 June and 29 June,
2007. Caterpillars are presented from most td keeguently encountered.

Species Number of Sites Total Number of
Detected Individuals Detected
Tortridae spp. 17 86
Besmaguercivoraria 6 7
Orthosia pacifica 5 7
Cosmia calami 5 9
Hydriomena rununciata 5 8
Lambdina fiscellaria 3 3
Lithophane contenta 3 3
Cissusa indiscreta 3 3
Clemensia albata 3 6
Lithophane georgii 2 2
Orthosia hibisci 2 2
Erynnis propertius 1 1
Egira crucialis 1 1
Nemoria darwiniata 1 1
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Table F2: Site-specific species richness of Lepieian caterpillars using isolated
white oak legacy trees in the Willamette Valleye@on during surveys conducted
between 4 June and 29 June, 2007.

Number Number
Site of of Leaves Caterpillars
ID Species Lepidopteran Spedies Sampled  Per Leaf’
1 2 Cle alb, Ery pro 4635 0.04
3 3 Tortri, Cle alb, Ort pac 3425 0.09
4 3 Tortri, Cos cal, unk 1 3446 0.09
6 0 4646 0.00
7 0 5227 0.00
8 2 Bes que, Lam fis 5758 0.03
Tortri, Cle alb, Cos cal, Lam fis, unk
9 5 1 4422 0.11
12 1 Lit con 2496 0.04
15 0 5917 0.00
16 3 Bes que, Lit geo, Tortri 4727 0.06
18 3 Ort pac, Tortri, Cos cal 3696 0.08
19 4 Hyd run, Tortri, Ort pac, Egi cru 6747 0.06
20 3 Tortri, Ort pac, Hyd run 4330 0.07
Cis ind, Cos cal, Bes que, Hyd run,
21 6 Lit con, Tortri 6354 0.09
22 4 Cis ind, Hyd run, Ort hib, Tortri 5364 0.07
25 2 Eup bes, Lit con 2631 0.08
26 4 Bes que, Cis ind, Lit geo, Tortri 4906 0.08
27 1 Tortri 2896 0.03
28 4 Bes que, Hyd run, Nem dar, Tortri 6577 0.06
29 1 Tortri 3221 0.03
31 1 Tortri 7615 0.01
32 1 Tortri 3573 0.03
33 2 Cos cal, Tortri 3881 0.05
35 4 Lam fis, Ort hib, Ort pac, Tortri 5542 0.07

@ Species codes: Bes qu@esmaguercivorarig Cis ind =Cissusa indiscreteCle
alb =Clemensia albataCos cal =Cosmia calamiEgi cru =Egira crucialis Ery pro =
Erynnis propertiesHyd run =Hydriomena renunciatad_am fis =Lambdina
fiscellaria, Lit con =Lithophane contentd.it geo =Lithophane georgjiNem dar =
Nemoria darwiniataOrt hib =Orthosia hibisci Ort pac =Orthosia pacifica Tortri =
Tortridae spp., unk 1 = unknown caterpillar 1.

b Caterpillar per leaf values have been multipligd.B0 for convenience in data
analysis
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Table F3: Model selection results and parameteanates (SE) for predicting
Lepidopteran use of isolated white legacy tredtenWillamette Valley, Oregon
during surveys conducted between 4 June and 29 2008@.

Explanatory Model Parameter Estimates AlC¢
Factor B1 B2
Tree Architecture Tree size + Leas N -0.0046 0.20 7.78
(0.19) (3.19)
Tree size -0.0054 5.79
(0.19)
Leaf N 0.21 5.78
(3.18)
Distance Nearest tree 0.0018 5.78
(0.021)
Nearest patch -0.0007 5.78
(0.0080)
Density Forest (3000) 2.01 5.72
(7.70)
Oak (1600) 2.07 5.75
(10.53)
Site Type® Pasture + Crop 0.39 -0.38 7.69
(1.96) (2.93)
intercept 3.18

& Site type is a single two-variable model containasture and crop variables.

Savanna reserve is the reference variable.
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Discussion

The Lepidopteran part of the study was marredrigxpectedly low
abundances of caterpillars using the selected.trélee simplest explanation for my
results is the random sample hypothesis (Connorc&® 1979, Andren 1994),
represented by the intercept model. The randonpkahypothesis states that the
numbers of species found on habitat fragmentsianglysrandom sub-samples from
larger source areas. However, | believe that imple explanation does not
necessarily explain Lepidopteran response to isolatite oak trees because the
results of my study may have been more affectefddttprs related to study design.

First, temporal variation in Lepidopteran abunaeancould account for the low
numbers of caterpillars | detected using the swithges. Many Lepidopteran species
are known to experience substantial variation unalances year-to-year
(Summerville et al 2007). My study likely coincttlevith a year in which abundances
were low for many Lepidopteran species occurrinthenWillamette Valley. To
account for likely annual variation in Lepidopter@pundances, future studies should
be designed for multiple sampling seasons.

Temporal variation in caterpillar emergence calgb have affected my
results. In the Willamette Valley, peak caterpikanergence for most Lepidopteran
species using Oregon white oak is thought to odaung the month of June (Jeff
Miller, personal communication). However, catdgsiemergence can be variable,
depending on host leaf emergence, which in turrbeaimfluenced by climate effects

(Dell et al 2005). In the Willamette Valley, thersg of 2007 was generally warmer
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and drier than average (OCS 2008) which could lcaused earlier-than-normal date

of emergence for some caterpillar species. Anet@vidence from one land
manager suggested that | had missed peak categbllsmdance at his site by about 2
weeks. Thus, for future studies examining Lepidaptaise of Oregon white oak
trees, | would recommend increasing the seasongtheof the sampling period by
beginning to sample for caterpillars shortly afeaf emergence (~ mid May). A
further consideration would be to also extend #imading period into the middle of
summer to potentially capture a wider range of epteran species using Oregon
white oak trees.

Another factor that could have affected my resglthe degree of my
sampling effort. A sample size of 24 trees wasllikoo small, particularly for an
observational ecological study, and thus lacketistitzal power to discern effects of
the explanatory variables on Lepidopteran use.ti@ersampling effort also could
have impacted my results. Due to time and equipr@mstraints, | was only able to
sample the lower portion of the tree canopy. Type of sampling effort assumes that
caterpillars are evenly distributed throughout@dsl Oregon white oak tree, which in
fact may be a false assumption. Further, the numideaves sampled per tree (mean
= 4668) may have been an insufficient sample sira farge oak tree. Increasing
sampling effort in future studies, however, willcessarily have to be balanced with
economic considerations as equipment costs andréqmerements will be

substantially increased.
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When considering the above recommendations, arbes apparent that

assessing Lepidopteran response to Oregon white@akis a study in and of itself.
Recommendations for future studies investigatingid@pteran response to isolated
Oregon white oak trees are summarized below:

1. Studies should be multi-season, preferably 3 oemoraccount for the natural
temporal variation in Lepidopteran abundances.

2. Within-season sampling effort should be increaseactount for temporal
variation in caterpillar emergence and to ensunepdiag of a wide range of
Lepidopteran species.

3. Increase the number of study sites. It is difficalestimate an absolute cutoff
for the number required, but considering that &attery results were achieved
with the avian part of the study, a minimum of &&sis suggested.

4. Per tree sampling effort should be increased asydmatic sampling design

should be employed to sufficiently sample the erttiee canopy.
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