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In the last 200 years there have been significant declines in the amount and 

structural complexity of oak-dominated forests and savannahs in the Pacific 

Northwest. Restoring oak systems often involves selectively thinning stands of oaks in 

order to reduce competition for sunlight. In choosing which trees to cut, land managers 

often remove trees with obvious signs of disease or infection. One such infection is the 

parasitic mistletoe Phoradendron villosum, commonly referred to as Oak Mistletoe. 

However, the consequences of removing mistletoe-laden trees from the woodlands for 

oak-associated wildlife have not been studied. Mistletoe species play an important role 

in ecosystems globally, by providing habitat resources for wildlife, but the role of Oak 

Mistletoe in an oak-dominated ecosystem is almost completely undocumented. In 

order to investigate relationships between Oak Mistletoe and bird abundance and 

diversity, I quantified breeding bird use of Oregon White Oaks (Quercus garryana) 

with mistletoe loads between zero and 112 plants per tree, at five study sites in the 

Willamette Valley in the spring of 2014. In addition, I quantified six microhabitat 

features related to mistletoe infection, including branch swellings, dead wood, 

loose/missing bark, natural cavities, excavated cavities, deep cracks in the bole, and 

bole coverage by Poison Oak (Toxicodendron diversilobum). My results suggest that 

1) structural heterogeneity within the crown of the tree and 2) bird abundance, species 

richness, and use of trees are positively associated with mistletoe load. In order to 



 

investigate the use of Oak Mistletoe fruits as a wildlife food resource, I recruited 

citizen scientists to record observations of birds feeding on mistletoe fruits in the fall 

of 2014 and winter of 2015 in western Oregon. In addition, I installed six camera traps 

in Oregon White Oak trees in order to capture additional observations of birds and 

other wildlife feeding on Oak Mistletoe fruits. My results suggest that Oak Mistletoe 

is a fall and winter food resource for Western Bluebirds (Sialia mexicana), American 

Robins (Turdus migratorius), Cedar Waxwings (Bombycilla cedrorum), Wild Turkeys 

(Meleagris gallopavo), and Western Grey Squirrels (Sciurus griseus). In this study, 

Western Bluebirds were observed to feed on mistletoe fruits up to 14 times more 

frequently than other bird species. By retaining some trees with mistletoe in the crown, 

land managers may be able to maintain the habitat quality for some wildlife species 

that use the microhabitat features and fruit resources associated with mistletoe. 
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CHAPTER 1: INTRODUCTION 

 

In the Pacific Northwest, oak trees (Quercus spp.) occupy woodlands and 

savannas and support a unique assemblage of wildlife with a high degree of habitat 

specialization (Hanna and Dunn 1997, Altman et al. 2001, Altman 2011). Over 300 

species of birds and mammals have been documented using oak woodlands in 

California (Barrett 1980, Verner 1980). In the Willamette Valley, Oregon, oak 

woodlands support up to ten migratory and resident bird species that are rare or 

absent from coniferous forests in the region, and an additional eleven species are 

more common in oak woodlands than conifer forests (Hagar and Stern 2001). In 

addition, oak woodlands are listed as one of the 11 ‘Strategy Habitats’ for the State 

of Oregon.  

Oak woodlands are a Strategy Habitat for the state of Oregon due to their 

rarity on the landscape and their importance to rare species. In the Willamette 

Valley, between 80 and 90% of the estimated historic oak woodlands and 99% of 

oak savannahs have been lost due to multiple factors including land use change and 

fire suppression which results in crowding as well as conifer encroachment 

(Franklin and Dryness 1988, Hulse et al 2000, Oregon Department of Fish and 

Wildlife 2006). Oaks have slow growth rates and long regeneration times (Oregon 

Department of Fish and Wildlife 2006). Depending on the local geographic region, 

oak woodlands provide habitat to several rare animal species including Columbian 

White-tailed Deer (Odocoileus virginianus leucurus), Western Gray Squirrel 

(Sciurus griseus), Chipping Sparrow (Spizella passerina), Slender-billed (White-

breasted) Nuthatch (Sitta carolinensis aculeata), Lewis’ Woodpecker (Melanerpes 

lewis), Acorn Woodpecker (Melanerpes formicivorus), and Western Bluebird 

(Sialia mexicana). These rare species contribute to the overall species diversity of 

oak woodlands. 

One reason oaks support high biodiversity is because they are structurally 
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complex at multiple scales. Stand structure varies among oak community types, 

mainly by stem density and plant species composition (i.e. oak/maple forest, oak 

woodland, oak/conifer woodland, oak savannah, etc.) (Buechling et al. 2008). At 

the tree level, oak trees, like many hardwoods, excel at compartmentalizing 

damage and retaining the resulting features in their crowns while the tree ages 

(Hosten et al. 2006). These features may serve as microhabitats for a variety of 

wildlife species.   

Microhabitats are fine scale structural features, such as dead wood, cavities, 

and bark pockets associated with tree damage and are often caused by insects, 

fungi and other pathogens (Winter and Moller 2007). Tree damage and senescence 

along with associated structural microhabitats, increase with tree age and diameter 

(Winter and Moller 2008, Michel and Winter 2009, Vuidot et al. 2010, Regnery et 

al. 2013b). Wildlife abundance and species richness increase with the availability 

of structures used for breeding, feeding and sheltering (MacArthur and MacArthur 

1961, MacArthur et al. 1962, Tews et al. 2004). Structurally complex environments 

provide more niches and more diverse ways of exploiting those resources, allowing 

for greater species diversity (Grinnell 1917, Hutchinson 1957). At the stand scale, 

diversity of microhabitats may be the most important factor for explaining 

abundance of some taxonomic groups (e.g., birds and bats, Regnery et al. 2013a).   

Dead wood is a particularly important nesting resource for cavity nesting 

birds and has been shown to be a limiting factor for several wildlife species 

(Newton 1994). In the Pacific Northwest, oak woodlands can support more cavities 

than coniferous trees (Gumtow-Farrior 1991). When large branches fall off of 

mature oak trees, pockets of decaying wood form cavities that can be used by 

cavity-nesting species (Altman and Stephens 2012). Cavity-nesting birds comprise 

25-30% of the breeding bird species in California oak systems, and more than 50% 

of total bird abundance in California oak systems (Noon et al 1988). Species that 

nest or feed on dead branches of oak trees include Downy Woodpeckers (Picoides 
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pubescens), chickadees (Poecile spp.), Red-breasted (Sitta canadensis) and White-

breasted (S. carolinensis) Nuthatches, and Brown Creepers (Certhia americana) 

(California Department of Fish and Game, unpublished data). 

In addition to providing cavities for nesting and roosting, dead wood in oak 

trees is used by birds as a foraging and food storage substrate. In temperate forests, 

as much as 25% of invertebrate diversity can be comprised of species that feed on 

dead or decaying wood (Stokland et al. 2004, Larrieu et al. 2011). These 

invertebrates are prey items for many insectivorous birds (Altman and Stephens 

2012, Klamath Bird Observatory and Lomakatsi Restoration Project 2014). Dead 

wood is also used by Acorn Woodpeckers for acorn storage in large ‘granaries’, 

which are critical habitat components for the species (Marshall et al. 2003). 

Habitat loss has been implicated as the largest contributor to the decline in 

populations of many bird species in North America (North American Bird 

Conservation Initiative, 2014). The loss of oak woodlands may have negative 

consequences for associated bird species, many of which are experiencing range-

wide population decreases (North American Bird Conservation Initiative 2014). 

Several bird species have been extirpated from areas in the Pacific Northwest, 

including breeding populations of Lewis’s Woodpecker in western Washington 

and the Willamette Valley, and the Slender-billed subspecies of the White-breasted 

Nuthatch in western Washington (Altman 2011). The goal of oak restoration is 

often aimed at creating or enhancing habitat, in order to support a complete set of 

functional ecosystem components including rare, declining, endemic or obligate 

oak-associated wildlife species (Hanna and Dunn 1997). In addition to physical 

components, land managers may aim to reintroduce ecological processes such as 

fire, grazing and natural hydrological cycles to restore and maintain native biotic 

communities (Harker 1999). 

There are two conditions that can result from decades of fires suppression 

in oak stands. The first is when legacy oak stands become invaded by shade-
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tolerant conifers which flourish in the absence of fire and then shade out the 

surviving oaks (Harrington and Warren 2006). The other is when open oak 

savannah develops into dense stands composed mostly of oaks, with high stem 

density and small average tree diameter (Standiford et al. 2015). In both cases, 

restoration activities involve removing trees that compete for sunlight and soil 

resources in order to allow the remaining oaks to flourish. One must only 

determine whether conifers or other oaks are the primary competitors of the trees 

that are to be retained. The remaining trees utilize the additional soil and sunlight 

resources by increasing their rate of photosynthesis and producing new wood and 

other tissues. Thinning allows landowners to select for certain tree species and 

shape woodland structure to best meet their management plans. The decisions they 

make about which trees to remove influence stand structure and can have cascading 

effects through the biotic community (McComb 2007). For example, land 

managers often select diseased trees for removal if they show signs of disease or 

damage, including mistletoe infections. 

Several species of oak trees host parasitic mistletoes which can shape the 

structure and abundance of wildlife habitats. Mistletoes are a polyphyletic group of 

hemi-parasitic flowering plants that parasitize trees and woody shrubs around the 

world (Kuijt 1969, Mathiasen et al. 2008). Heavy loads of mistletoe may cause 

crown decline in the host tree (Mallams and Mathiasen 2010). Pundir (2009) has 

noted long-term reproductive consequences for infected Quercus trees in India 

which produced smaller seeds with lower germination rates. Mistletoes can also 

influence the structure of tree crowns by causing deformation and swelling of 

branches, death of branches distal to the infection, reduction of nutrient and water 

transport to branches, and nutrients transport to leaves and acorns distal to the 

infection site (Mathiasen et al. 2008, Pundir 2009), thus creating dead woody 

structure in the canopy. Although hosting large volumes of mistletoe in the crown 

may be energetically expensive for the host tree, it should be noted that mistletoe 
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may increase biodiversity (Watson 2001). From this perspective, mistletoe can be 

considered a pest or an important wildlife resource. 

Oak Mistletoe (also known as Pacific Mistletoe) (Phoradendron villosum, 

Viscaceae) is the only species of mistletoe that infects oaks in Oregon. Oak 

Mistletoe is common in western Oregon from the northern Willamette Valley 

south to southern California, infecting Q. garryana, Q. kellogii, and Q. lobata. 

There is little research on the ecology and impacts of Oak Mistletoe in oaks of 

California and Oregon. Although Oak Mistletoe is common and associated with 

crown decline, there is little evidence to support current paradigms regarding the 

role of mistletoe in oak crown development and ecosystem functions. 

The life history of Oak Mistletoe is informative for understanding the 

potential influence of the plant on host structure and resources used by wildlife. 

Oak Mistletoe is shade intolerant, and plants are most robust in the sunny portion 

of the crown. Healthy mistletoe shrubs may grow to over a meter in diameter. The 

dioecious plants flower in summer and a single-seeded fruit matures about 15 

months later in mid-fall. Fruits are eaten by birds and the seed is dispersed to new 

locations by defecation. The seeds are covered with viscin, a sticky substance that 

allows attachment to branches. Seeds that land on young twigs may germinate and 

the radicle will ramify into the phloem of the twig (Mathiasen et al. 2008). 

A modified root-like structure called the endophytic system, penetrates the 

host plant's cell wall and siphons nutrients from the space between the cell wall 

and plasma membrane but does not penetrate the plant's cell membrane itself 

(Calvin 1967). The endophytic system develops in a localized region of the branch 

causing deformation of the wood and an enlarged swelling. The mistletoe does not 

penetrate into the wood, but allows wood in the ray parenchyma area to grow 

around mistletoe elements. The plant remains in place as the branch continues to 

grow and depending on the age of the infection, may be deep in the interior of the 

crown after decades (Mathiasen et al. 2008). The ultimate effect of the parasite is 
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to cause the death in the part of the wood that extends past the endophytic system 

by absorbing so much water and mineral nutrients that distal portions of the host 

are starved. 

The relationship between host, parasite, and vector is a complicated three- 

way relationship (Auekma 2003). The mistletoe (pathogen) manipulates the 

behavior of the birds (vector) by offering nutritious fruits and thereby changing the 

spatial distribution of the birds. The mistletoe manipulates the tree (host) by 

drawing nutrients from it and producing more fruits for the birds. The birds 

manipulate the mistletoe by dispersing it in specific spatial patterns. Birds spend 

more time foraging in areas where mistletoe plants are abundant. Birds 

subsequently disperse the mistletoe by defecating the seeds. The seeds are not 

necessarily dispersed in the same location where they were consumed. However, 

more seeds are dispersed in areas where birds spend more time feeding. Birds 

manipulate the host tree indirectly via the mistletoe parasite. The host tree 

manipulates the behavior of the birds by offering high perching platforms from 

which to display, sing, thermo-regulate, and watch for predators. This cyclical 

relationship results in the spatial aggregation and intensification of the parasite in 

the tallest and oldest trees with a large crown and a long history of infection 

(Aukema and Martinez del Rio 2002) with infections radiating out from infection 

centers. 

By altering the structure of their host trees, many mistletoes act as 

important resources in forests and woodlands, enhancing both habitat diversity and 

overall biodiversity. Bennetts and Hawksworth (1991) found that bird species 

richness was positively correlated with the level of Dwarf Mistletoe 

(Arceuthobium spp.) infection. Watson and Herring (2012) found that bird species 

richness declined by 21% when compared with control stands, after mistletoe was 

experimentally removed from a stand of eucalyptus. Van Ommeren and Whitham 

(2002) found that in juniper woodlands, Townsend’s Solitaire abundance was 
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strongly associated with mistletoe fruit abundance, where they disperse seeds of 

both the mistletoe and the host tree. Therefore, juniper seedling recruitment was 

also positively associated with levels of mistletoe infection in this study. 

Previous research has suggested that P. villosum is an important food 

resource for overwintering bird species, especially Western Bluebirds, in central 

California (Felix 1970, Kraaijeveld and Dickinson 2001, Dickinson and McGowan 

2005, Wilson et al. 2014). However, significant information gaps concerning the 

ecology of Oak Mistletoe still exist. A Web of Science keyword search on January 

15, 2015 yielded only four publications containing the words ‘Phoradendron 

villosum’ and only eight containing the synonymous words ‘Phoradendron 

serotinum’. Of the last eight, only three publications relate to either botany or 

ecology, the remaining five relate to pharmacology or biochemical research. 

Critical information regarding the growth rate, spread rate, stand-level current and 

historic distributions, species responsible for seed dispersal, impact on host tree 

nutrition and growth rates, and effect on bird and insect populations is still lacking, 

all of which are critical for assessing trade-offs between the potential threat that 

this parasite poses to oak trees and the potential benefits to biodiversity. 

This study is motivated by my interest in the effects of P. villosum on bird 

biodiversity in the Pacific Northwest. The goal of this research is to enhance our 

understanding of how Oak Mistletoe influences biodiversity. My specific 

objectives were to quantify associations between P. villosum and bird abundance 

and diversity in Willamette Valley oak woodlands. In Chapter 2, I test the 

hypothesis that structural heterogeneity is positively associated with mistletoe 

loads, and this should support a higher bird abundance, species richness and 

resource use by all bird species and especially of cavity-nesting and bark-gleaning 

species. In Chapter 3, I report on investigations of mistletoe fruit as a food 

resource for birds and other wildlife. In Chapter 4, I discuss broader implications 

of my work.  In general, my results will advance the understanding of the function 
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of mistletoes in structuring oak ecosystems and provide new insight into potential 

tradeoffs between management of tree health and management of wildlife 

resources. 
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CHAPTER 2: MICROHABITAT ABUNDANCE, BIRD ABUNDANCE, AND 

DIVERSITY ARE ASSOCIATED WITH OAK MISTLETOE IN WILLAMETTE 

VALLEY OAK WOODLANDS 

 

Abstract 

 

In the last 200 years there have been significant declines in the amount and 

structure of oak-dominated forests and savannahs in the Pacific Northwest. 

Restoring oak systems often involves selectively thinning stands of oaks in order to 

reduce competition for sunlight. In choosing which trees to cut, land managers often 

remove trees with obvious signs of disease or infection. One such infection is the 

parasitic mistletoe Phoradendron villosum. However, the consequences for oak-

associated wildlife of removing mistletoe-laden trees from woodlands have not been 

studied. Mistletoe species provide important habitat for wildlife in ecosystems 

globally, but the relationship between Oak Mistletoe in an oak-dominated ecosystem 

and wildlife is almost completely undocumented. In order to investigate 

relationships between Oak Mistletoe and wildlife diversity, I quantified breeding 

bird use of Oregon White Oaks (Quercus garryana) with varying levels of mistletoe 

infection at several sites in the Willamette Valley, Oregon. In addition, I quantified 

microhabitat features related to mistletoe infection. My results suggest that mistletoe 

load is positively associated with 1) structural heterogeneity within the crown of the 

tree and 2) avian species richness and abundance. By retaining some trees with 

mistletoe in the crown, land managers may be able to increase habitat quality for 

some oak associated bird species. 

 

Keywords: bird diversity; bird abundance; oak savannah; oak woodland; mistletoe; 

microhabitat; Phoradendron villosum; Quercus garryana; Oregon; Willamette Valley   
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Introduction 

 

In the Willamette Valley, Oregon, oak woodlands support a unique and 

threatened wildlife community. Species richness of migratory songbird is higher in 

oak woodlands than adjacent conifer forests, and oak woodlands provide primary 

habitat for several species of resident birds which are rare or absent from conifer 

forests (Hagar and Stern 2001). Over 80 bird species use oak woodlands in the 

Willamette Valley (Marshall et al. 2003), including four species listed by the Oregon 

Department of Fish and Wildlife (ODFW) as ‘Strategy Species’: Acorn Woodpecker 

(Melanerpes formicivorus), Lewis’s Woodpecker (Melanerpes lewis), White-

breasted Nuthatch (Sitta carolinensis), and Western Bluebird (Sialia mexicana). 

Strategy Species are priorities for conservation under the Oregon Conservation 

Strategy because of declining populations and/or their association with rare or 

threatened vegetation types (Oregon Department of Fish and Wildlife 2006). 

The area dominated by oak woodlands and savannah in the Willamette 

Valley has decreased since European settlement and has impacted associated 

wildlife species. While exact amounts are unknown, the Oregon Department of 

Fish and Wildlife (2006) published an estimated loss of 97% of oak woodlands 

in the Willamette Valley. Due to such drastic reductions in area, oak woodlands 

are listed as one of the 11 ‘Strategy Habitats’ for the State of Oregon. Strategy 

Habitats are vegetation types that have habitat value to a wide range of native 

plant and animal species, including those with low or declining populations. All 

four oak-associated avian Strategy Species are limited by the availability of oak 

woodlands and nesting cavities associated with oaks (Oregon Department of Fish 

and Wildlife 2006). In addition, all four species need trees or snags with dead 

limbs for either acorn storage or foraging substrates. Lewis’s Woodpecker and 

Western Bluebird also need open understories for foraging on aerial and ground 
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foraging for insects. Conservation actions recommended for these four species 

include maintaining oak woodlands or savannahs with open canopies and large 

(>55 cm diameter at breast height (DBH) oak trees, installing nest boxes for 

cavity nesting birds as a short-term solution, manually creating snags, and 

maintaining older trees with dead limbs (Oregon Department of Fish and 

Wildlife 2006). Together, these recommendations are aimed toward increasing 

habitat value for oak-associated wildlife species, through increased structural 

heterogeneity of remaining oak stands. 

Species diversity tends to increase with structural complexity (MacArthur 

and MacArthur 1961, MacArthur et al. 1962, Karr and Roth 1971). Structurally 

complex environments provide more niches and more diverse ways of exploiting 

those resources, allowing for greater species diversity (Grinnell 1917, Hutchinson 

1957). This structural heterogeneity hypothesis is a basic tenet of ecology and is a 

primary theoretical model for explaining the patterns of biodiversity and may 

explain why oak woodlands are able to support such high biodiversity. Wildlife 

abundance and species richness often increase with availability of structures used 

for breeding, feeding, and sheltering. Therefore, habitat structural heterogeneity is 

implicated as a mechanism for enhancing biodiversity (Rapp 2003). 

In forests and woodlands, many trees develop structural attributes such as 

dead wood, loose/missing bark, cracks and cavities that serve as microhabitats for a 

variety of taxa (Winter and Moller 2008). Diversity of microhabitats can be an 

important factor for explaining the stand-level occurrence of some species, 

especially those that use forest canopies (Regnery et al. 2013). Structural attributes 

associated with tree damage and senescence tend to increase with tree age and 

diameter. Therefore, older trees that have survived storm damage, insect damage and 

other pathogens may provide more microhabitats for forest-dwelling animals than 

young trees that have not been exposed to such processes (Winter and Moller 2008, 

Michel and Winter 2009, Vuidot et al. 2010, Regnery et al. 2013). 



17 

 

 

Mistletoes are pathogenic, biotic agents that can potentially create 

microhabitat. Mistletoes are a polyphyletic group of parasitic or hemi-parasitic 

flowering plants that parasitize trees and woody shrubs (Kuijt 1969). Oak Mistletoe 

(Phoradendron villosum) is the only species of mistletoe that infects oaks in the 

Willamette Valley. Mistletoes are capable of absorbing so much water and mineral 

nutrients from the host tree that distal portions of branches that extend past infection 

sites ultimately die from water and nutrient stress (Mathiasen et al. 2008, Mallam and 

Mathiasen 2010). Oaks, like other hardwoods, are capable of compartmentalizing 

damage from biotic and abiotic factors and retaining the structural features derived 

from damage in their crowns (Hosten et al. 2006). The link between mistletoe and 

microhabitats has not been directly studied but it is hypothesized that an increase in 

mistletoe loads should result in an increase in microhabitat features such as 

loose/missing bark, natural and excavated cavities, deep cracks, and the number of 

fungal fruiting bodies (sporocarps) which are signs of wood-rot. 

In addition to microhabitats, mistletoes can also provide other important 

resources which may enhance bird abundance or species richness (Bennetts and 

Hawksworth 1991, Van Ommeren and Whitham 2002, Aukema 2003, Watson and 

Herring 2012). Watson (2001) suggested that mistletoe can serve as a keystone 

resource in many forests and woodlands worldwide. Mistletoes typically account 

for a small percentage of vegetative biomass in an ecosystem but provide important 

resources to a broad range of taxa and have a large impact on local biodiversity. 

Mistletoe can act as keystone resources by providing fruits and flowers to 

frugivores and nectarivores. They can also develop and shed leaves more quickly 

than their host trees, thereby increasing litter throughfall and contributing to soil 

nutrient cycling (Watson 2001). 

Oak Mistletoe in oak systems in the Willamette Valley could also act as an 

important wildlife resources. However, they offer some important ecological 

contrasts to those in Australia or in other parts of North America. Unlike the bird-
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pollinated Loranthaceous mistletoes of Austrialia studied by Watson and Herring 

(2012), P. villosum is pollinated by insects. Also, no bird species in this region are 

known to have the unique digestive adaptations exhibited by the Phainopepla 

(Phainopepla nitens) which make it highly dependent on mistletoe as a food 

resources (Walsberg 1975, Aukema 2003). Neither does the host tree share a 

common dispersal agent with the mistletoe as in the case of One-seed Juniper 

(Juniperus monosperma) and Juniper Mistletoe (Phoradendron juniperinum) (Van 

Ommer and Whitham 2002). Thus the relationship between mistletoe and bird 

abundance and species richness may be entirely different in the Willamette Valley. 

A better understanding of the relationship between oak mistletoe and bird 

abundance and diversity is needed to help guide restoration efforts to support 

biodiversity in oak woodlands. 

A key stated goal in conserving and restoring oak ecosystems is to improve 

the habitat quality for oak-associated wildlife and improve ecological function 

(Oregon Department of Fish and Wildlife 2006). However, despite the tremendous 

loss of oak woodlands and their importance to wildlife, there has been relatively 

little research on the relationship between oak-associated wildlife and potential 

species like Oak Mistletoe. Land managers performing oak restoration activities may 

select individual trees that appear defective for removal (Harrington and Warren 

2006, Pillsbury and Joseph 1990). Oak Mistletoe is often considered to be a defect 

that may be a ‘red flag’ for land managers (Mallams and Mathiasen 2010). To 

successfully manage oak woodlands, knowledge about the importance of oak 

mistletoe to other biota is needed. If mistletoe provides important resources for 

birds, then in some cases the habitat benefits may outweigh any detrimental impact 

that the mistletoe has on the health of the host tree. 

I designed a study addressing the following hypotheses at the scale of 

individual Oregon White Oak trees: 1) tree level mistletoe load will be positively 

associated with an increase in tree level microhabitat heterogeneity as measured by 
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overall diversity and abundance of specific microhabitat features 2) an increase in 

tree level mistletoe load will be associated with an increase in tree level bird 

abundance, species richness, and use of trees for all bird species combined and for 

a guild of cavity-nesting and bark-gleaning bird species (Appendix 2.1). 

Addressing these hypotheses will not only add to the growing understanding of the 

specific habitat needs of oak-associated birds, but will also help both land 

managers and homeowners make more informed decisions about management of 

mistletoe plants or mistletoe infected trees in oak stands. 

 

Methods 

 

Study Area 

 

I conducted this study in Oregon White oak woodlands in the central 

Willamette Valley in Oregon, USA at the following five study sites: Finley National 

Wildlife Refuge, Basket Slough National Wildlife Refuge, Greenbelt Land Trust’s 

Owens Farm, Corvallis’s Bald Hill Park, and the Oregon State University Horse 

Center (Figure 2.1). I chose these study sites because of their accessibility, proximity 

to research facilities in Corvallis, Oregon, and abundance of oak woodlands. All five 

study sites have a history of agricultural activity and are comprised of a mix of grass 

fields and remnant oak, conifer, or mixed conifer/hardwood forest, however, I 

conducted all surveys in woodlands dominated by Oregon White Oak. Invasive 

blackberry (Rubus spp.), wild rose (Rosa spp.), and Poison Oak (Toxicodendron 

diversilobum) dominated the understory shrub layer (Figure 2.2). My study area 

encompassing the five study sites ranged between Amity, Oregon to the north, Albany, 

Oregon to the east, Monroe, Oregon to the south, and Philomath, Oregon to the West 

(UTM 10T E: 470981 – 492151, N: 4907195 – 4995842) with an average elevation of 

~60 meters. Average annual temperatures range between 4°C in January and 19°C in 
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July, while the average annual precipitation is 100cm, mostly falling in the form of 

rain between September and May (Franklin and Dryness 1988). 

 

Tree selection 

 

In order to control for landscape-level variation in bird communities, I 

surveyed birds at the tree level by subjectively selecting pairs of trees that were as 

close as possible to each other as possible (~30m) and as similar as possible in size 

and structure but with starkly contrasting mistletoe loads (Figure 2.3). I spent 

approximately 60 hours visually searching the study sites for pairs of oak trees that 

met these criteria and made final selections subjectively based on the criteria 

outlined below. 

Structure: Trees within a pair had to be capable of supporting mistletoe. They had to 

be greater than 10m tall, greater than 40cm in diameter at breast height, and 

at least 50% of the crown was not overlapping crowns with neighboring trees 

(D. Shaw, personal communication, November 18th, 2013). I chose pairs as 

carefully as possible in order to minimize the intra-pair difference in crown 

volume, height, and diameter. 

Mistletoe load: Trees within a pair had to have contrasting mistletoe loads. I 

selected one tree with a low load (between 0-32 plants) and one tree with a 

high load (having at least twice as many plants as the corresponding low 

load tree). 

Distance: In order to reduce potential sources of spatial variation observed in bird 

communities, I chose pairs of trees with the smallest intra-pair distance 

possible (approximately 30 meters). In order to ensure independence of bird 

community observations, pairs of trees had an inter-pair distance of at least 

250 meters (Ralph et al, 1993). 

Most of the tree pairs were located along forest/field interfaces due to the propensity 
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for mistletoe to persist only in locations where it is not shaded by neighboring trees. I 

selected pairs of trees in locations that were dominated by Q. garryana and avoided 

locations with high concentrations of conifers or other hardwoods. Finally, to verify 

within-pair similarity in characteristics other than mistletoe load, I measured the 

DBH for each tree, and used a laser range finder to measure maximum crown height 

and minimum crown height. I also estimated the maximum crown width for each tree 

and perpendicular crown width. I marked each tree with a numbered aluminum tree 

tag to facilitate relocation. 

The response variables measured for each tree were 1) the abundance of 

seven microhabitat variables: swellings, dead wood, loose/missing bark, deep 

cracks, natural cavities, excavated cavities, and poison oak (Table 2.1), 2) the total 

number of bird species over three visits (species richness), 3) the average number 

of individual birds over three visits (abundance), and 4) the average amount of time 

individual birds spent perching, singing, calling, or foraging in a tree over three 

visits, recorded in minutes (bird use). Similar response variables were measured for 

a guild of cavity-nesting, bark-gleaning bird species (Appendix 2.1). Individual 

trees are the experimental units. 

 

Microhabitat sampling  

 

For each of the 60 trees in the study, I recorded the number or percent 

coverage of microhabitat features that I could detect from the ground using 

binoculars during leaf-off season. I focused on 8 microhabitat types that were 

relevant to Oregon White Oak woodlands and their associated wildlife (D. Shaw, 

personal communication, October 14th 2014) (Table 2.1). Most microhabitat 

variables were adapted from Winter and Moller (2008), Michel and Winter (2009), 

and Regnery et al. (2013). I recorded 1) the number of mistletoe induced branch 

swellings (Figure 2.4), 2) the percent of the total crown volume that was comprised 
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of dead wood (Figure 2.5), 3) the percent of the total crown volume that had 

loose/missing bark, 4) the number of cracks in the bole greater than 50cm long and at 

least 2cm deep in the sapwood, 5) the number of natural cavities (Appendix 2.2 

Figure 5 and 6) the number of woodpecker-excavated cavities, 7) the number of 

fungal sporocarps, 8) and the percent of the bole that was covered by the liana Poison 

Oak (Toxicodendron diversilobum) (Appendix 2.2 Figure 7) (Table 2.1). However, 

once in the field, I found that fungal sporocarp data proved too difficult to accurately 

count from the ground and discarded it from the dataset. The final seven microhabitat 

response variables were: swellings, dead wood, loose/missing bark, cracks, natural 

cavities, excavated cavities, and Poison Oak. 

 

Bird sampling  

 

I conducted bird surveys at each tree between sunrise and 10 am during the 

2014 breeding season, from May 1st to July 1st. I surveyed each tree three times 

during the breeding season for 30 minutes for a total of 90 minutes per tree. There 

were 30 pairs of trees for a total of 60 trees, resulting in 180 total bird surveys. I 

typically completed bird surveys for three pairs of trees in a day and avoided 

temporal bias by reversing the order that I surveyed them with each survey effort. I 

also alternated which individual in a pair I surveyed first with each survey. During 

each bird survey, I surveyed each for a total of 30 minutes per tree and 60 minutes 

per pair of trees. 

During each bird survey, I used a timer set to two minute intervals and 

recorded every individual bird that I detected either visually or auditorily, foraging, 

perching, singing, or nesting in or on each tree during the two minute interval and 

identified each bird to species. I did not record birds foraging on the ground or in low 

vegetation adjacent to the tree. I kept track of individual birds to the best of my 

ability throughout the entire 14 or 16 minute survey period. If a bird was still present 
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in the tree after the first two minute interval, I recorded it again in the second two 

minute interval or the third etc. If a bird flew away from a tree during the survey and 

then returned to the tree later in the same survey, I could not be sure that is was the 

same individual or a conspecific, therefore, it was counted as a new individual. I then 

tallied the number of two minute intervals in which an individual bird was present 

for a total amount of time spent in the tree during the 14 or 16 minute survey period, 

in two minute increments. The two minute time increment was the smallest that I 

could effectively manage in the field and it was later divided by two for analysis to 

give use in minutes. I moved around the tree when necessary in order to maximize 

the probability of detecting all birds on each tree. 

 

Statistical analysis  

 

In addition to the seven microhabitat variables previously discussed, I 

calculated the following three avian response variables for each tree across all 

three visits; 1) mean number of individual birds detected per tree over three visits, 

2) total number of bird species detected per tree over three visits, 3) the mean 

amount of time in minutes spent by individual birds in each tree averaged over 

three visits. I used scatter plots to check for effects of study site and intra-pair 

distance on each of the three response variables and found no relationship in all 

cases. Based on these results, I assume that the bird communities at the four study 

sites are samples from a larger, relatively homogeneous population of Willamette 

Valley oak-associated birds, at least in terms of the three bird response variables, 

and that there are no detectable differences which can be attributed to the intra-pair 

distance. 

I verified that I selected trees that were similar enough to each other in size 

to make fair comparisons by performing paired t-tests on the differences in DBH, 

maximum tree height, and crown volume between trees classified as having either 
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high or low mistletoe loads. Because of the exploratory goals of my project, there 

were no a priori determinations of biologically meaningful differences. 

There was suggestive but inconclusive evidence that the mean DBH, 

height, and crown volume of the trees with high mistletoe loads were different 

from those of trees with low mistletoe loads in this study (Table 2.2). The mean 

difference in height between the high and low tree pairs was less than one meter 

and the mean difference in diameter was four cm. I judged these differences to be 

too small to be biologically significant to birds. However, although not statistically 

significant (P=0.07), the difference in mean crown volume was 965 meters
3 

(17%) 

higher in trees with high mistletoe loads. Based on such small differences in height 

and diameter and a lack of statistical significance for all variables, I continued the 

analysis process with the assumption that comparisons between the trees selected 

for this study were fair and did not include tree size parameters in tree 

comparisons. 

I used PC-ORD (McCune and Mefford 1999) to perform nonmetric 

multidimensional scaling (NMS) ordination of the trees in microhabitat space to 

visually examine differences in microhabitat characteristics between trees with high 

and low mistletoe loads (Kruskal 1964a&b, Mather 1976). This ordination technique 

determines the relationship between n samples in k dimensions (axes) that minimize 

the stress in the k-dimensional configuration (McCune and Grace 2002). In this study, 

each of the seven microhabitat variables is a dimension in microhabitat space which is 

then compressed into a two-dimensional ordination. Stress is measured by the 

difference between the position of the samples in the original seven-dimensional space 

and their position in the final two-dimensional ordination. The main matrix consisted 

of the 60 sample trees by 7 microhabitat variables, relativized by the variable 

maximum. The secondary matrix consisted of the 60 sample trees categorized by 

mistletoe load (high or low). I used a Euclidean measure and a random start based on 

time of day. I set the output to 1000 runs with real data and used a stability criterion of 
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0.00001. I used a Monte Carlo randomization test with 500 randomized runs to test 

whether the resulting ordination was stronger than would be expected by chance alone.  

I then used PC-ORD to conduct a multi-response permutation procedure 

(MRPP) (Mielke 1984, Mielke and Berry 2001) in order to test for differences in 

microhabitat characteristics of trees with high and low mistletoe loads. Multi-response 

permutation procedures are non-parametric procedures for testing the statistical 

hypothesis of no difference between two or more groups, and has no distributional 

assumptions of normality (McCune and Grace 2002). I used a Euclidean measure and 

grouped the data by mistletoe load category (high or low). I then conducted paired t-

tests on each of the seven microhabitat variables independently in order to determine if 

there was any difference in microhabitat features between trees with high and low 

mistletoe loads. 

I conducted the remaining statistical analyses using R 2.10.1 (R 

Development Core Team, 2009). I fit models to the data using the package “lme4” 

(Bates et al. 2014). I used Wald’s method in “lme4” to calculate 95% confidence 

intervals. 

I created generalized linear mixed models for each of the bird response 

variables with random error terms for the tree pair. The final statistical models to 

describe the bird community-level response variables are: 

Yij | γj  ~  Gamma or Poisson (λij, θ) 

where Yi is the average bird abundance, total species richness, or average use in 

two minute increments over three visits detected for the i
th 

mistletoe load in the j
th 

tree pair, λij is the unobserved true mean average bird abundance, total species 

richness, or average use in two minute increments over three visits, and  is the 

unobserved true scale parameter. Gamma distributions were used for average bird 

abundance and average use, which are continuous variables. Poisson distribution 

was used for total species richness which is a count variable. 

The mean of Yij, λij , is a linear function of the explanatory variables through 



26 

 

 

the natural log link: 

log(λij)= β1 + β2I.highi + γj 

where:  

 Yij | γj is the group average bird abundance, total species richness, or 

average use over three visits from the ith mistletoe load in the jth tree 

pair; i=low, high; j=1, 2, 3, …, 30, 

 

 β1  is the log(mean) group average bird abundance, total species richness, 

or average use over three visits of the low mistletoe trees,   

 

 β2  is the log(difference of the mean) group average bird abundance, total 

species richness, or average use over three visits of the high mistletoe 

trees, from that of the low mistletoe trees,   

 

 I.high   is 1 when the mistletoe load is high and 0 otherwise, 

 

 γj   is the random effect of the jth tree pair on average bird abundance, 

total species richness, or average use, γj ~ N(0,σ2
pair) and γj and γj’ are 

independent 

 

A full model was fit to assess adequacy of modeling average bird 

abundance, total species richness, or average use with either gamma or poisson 

distributions, which included mistletoe load and a random error term for tree pairs. 

There was no evidence of overdispersion based on the sum of the squared Pearson 

residuals divided by the residual degrees of freedom (estimates of overdispersion 

from the full models were 0.17 for abundance, 0.91 for species richness, and 0.11 

for use). A plot of the deviance residual vs fitted values had no patterns indicating a 

lack of fit of the model. 

Bird species that were known to nest in cavities or glean insects from tree 

bark (Ehrlich et al. 1988) were combined into a single guild of cavity-nesters/bark-

gleaners (Appendix 2.1). An insignificant value (0.00001) was added to all values in 

order to avoid zero values. All pairs of trees where guild members were not present 

in at least one of the trees were removed.  The statistical procedure outlined above 



27 

 

 

was then repeated for abundance and species richness on this guild of birds. There 

was no evidence of overdispersion based on the sum of the squared Pearson 

residuals divided by the residual degrees of freedom (estimates of overdispersion 

from the full models were 1.15 for abundance and 0.77 for species richness). A plot 

of the deviance residual vs fitted values had no patterns indicating a lack of fit of the 

model. 

Finally, I created two rich models in order to determine the relative 

importance of microhabitat variables on 1) bird abundance and 2) species richness. 

A mathematical model to describe the linear models is:  

Yi = β0 + β1x1i + β2x2i + β3x3i + β4x4i + β5x5i 

where: 

 Yi  is the observed total species richness or average bird abundance over 

three visits from the ith study tree; i= 1, 2, …, 60 

 x1  is the volume of the crown in meters3 of the ith study tree, 

 x2  is the number of swellings of the ith study tree, 

 x3  is the % of the crown composed of dead wood of the ith study tree, 

 x4  is the % of the crown composed of loose/missing bark of the ith study 

tree, 

 x5  is the number of natural cavities of the ith study tree, 

 β0  is the intercept,   

 β1  is the slope coefficient for crown volume,   

 β2  is the slope coefficient for swellings,   

 β3  is the slope coefficient for dead wood,   

 β4  is the slope coefficient for loose/missing bark, and  

 β5  is the slope coefficient for natural cavities.   
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I then performed an analysis of variance test on the full model in order to determine 

the relative importance of each microhabitat parameter on bird abundance or species 

richness in my study trees. 

 

Results 

 

I detected 501 individual birds of 48 species in 90 survey hours (Appendix 

2.1). The amount of time spent by individual birds on a single tree ranged between 

2 and 28 minutes. Black-capped Chickadee (Poecile atricapillus, n = 40), Lazuli 

Bunting (Passerina amoena, n = 40), Western Wood-pewee (Contopus sordidulus, 

n = 34), Orange-crowned Warbler (Oreothlypis celata, n = 32), and American 

Robin (Turdus migratorius, n = 30) were the five most abundant species. The total 

number of individuals detected in a tree during a single visit ranged from 0 to 13. 

The total number of species detected in a tree over three visits ranged from 1 to 12. 

There were 14 bird species detected exclusively on trees with high mistletoe loads 

though they were rare in the dataset (<4 observations), while two species were 

detected only in trees with low mistletoe loads which were also rare in the dataset 

(<2 observations) (Appendix 2.1). 

 

Microhabitat features 

 

The multivariate analyses showed convincing evidence that the overall 

microhabitat structure was different between trees with high and low mistletoe 

loads. In choosing the best solution from an NMS ordination, one should select an 

appropriate number of dimensions while minimizing stress and avoiding unstable 

solutions. For this ordination, I selected a three dimensional final solution with a 

final stress of 9.3 (Figure 2.9). A final stress less than 10 has no real risk of drawing 

false inference (McCune and Grace 2002). The three dimensional solution had a 
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final instability of 0.00000 indicating that NMS was able to find a stable solution. 

The proportion of variance in microhabitat data explained by each axis based on the 

r
2 

between distance in the ordination space and the original distance in seven-

dimensional microhabitat space indicates that the ordination was a good fit overall 

for the data (Table 2.3). Axes two and three explain most of the variance in the 

microhabitat ordination. These are synthetic axes representing the variance of the 

60 trees in seven-dimensional microhabitat space. The ordination showed that the 

variability in microhabitat abundance was higher in trees with high mistletoe loads. 

The MRPP resulted in a low effect size, or chance- corrected within-group 

agreement (A = 0.02) with a statistically significant within- group similarity (p = 

0.003). Though the two groups overlapped in the ordination, trees with high 

mistletoe loads were more heterogeneous in terms of microhabitats and were 

clustered less tightly together (Figure 2.2). 

There was strong evidence that the mean number of swellings, dead wood, 

and natural cavities in the trees with high mistletoe loads was greater than in trees 

with low mistletoe loads and moderate evidence that the mean amount of 

loose/missing bark in the trees with high mistletoe loads was greater than in trees 

with low mistletoe loads (Table 2.4 and Figure 2.10). There was no evidence that 

the number of cracks, excavated cavities, and percent of the bole covered with 

Poison Oak in the trees with high mistletoe loads was greater than in trees with low 

mistletoe loads (Table 2.4 and Figure 2.11). 

 

Community-level bird response 

 

There was convincing evidence that the mean bird abundance in the trees 

with high mistletoe loads was greater (mean = 3.52 individuals/tree, se = 0.3) than in 

trees with low mistletoe loads (mean = 1.96 individuals/tree, se = 0.24) (p < 0.0001, 

χ
2
1 = 25.53) (Figure 2.12a). The fixed effect of high mistletoe loads on mean bird 
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abundance after accounting for the random effect of tree pairs was an increase of 0.7 

(36%) more individual birds than trees with low mistletoe loads (95% C.I.: 0.47 – 

0.92). There was also strong evidence that the total bird species richness in the trees 

with high mistletoe loads was greater (mean = 6.4 species/tree, se = 0.47) than in 

trees with low mistletoe loads (mean = 4.1 species/tree, se = 0.43) (p < 0.0001, χ
2
1 

= 15.24) (Figure 2.12b). The fixed effect of high mistletoe loads on mean bird 

species richness after accounting for the random effect of tree pairs was an increase 

of 0.5 (12%) more bird species than trees with low mistletoe loads (95% C.I.: 0.22 – 

0.67). There was strong evidence that the mean bird use of trees with high mistletoe 

loads was greater (mean = 1.1 minutes/individual, se = 0.1) than of trees with low 

mistletoe loads (mean = 0.93 minutes/individual, se = 0.08) (p= 0.04, χ
2
1 = 4.37) 

(Figure 2.12c). The fixed effect of high mistletoe loads on mean bird use after 

accounting for the random effect of tree pairs was an increase of 0.19 more minutes 

birds spent in trees with high mistletoe loads than trees with low mistletoe loads 

(95% C.I.: 0.02 – 0.37). 

 

Guild-level bird response 

 

There was no evidence that the mean abundance of bark-gleaning and 

cavity-nesting birds in the trees with high mistletoe loads was greater (mean = 1.1 

individuals/tree, se = 0.18) than in trees with low mistletoe loads (mean = 0.58 

individuals/tree, se = 0.12) (p = 0.2, χ
2
1 = 1.7) (Figure 2.13a). There was 

convincing evidence that the mean species richness of bark-gleaning and cavity-

nesting birds was greater in the trees with high mistletoe loads (mean = 1.79 

species/tree, se = 0.21) than in trees with low mistletoe loads (mean = 1.14 

species/tree, se = 0.22) (p = 0.046, χ
2
1 = 3.98) (Figure 2.13b). Trees with high 

mistletoe loads had an average of 0.5 (28%) more bark-gleaning and cavity-nesting 
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species than trees with low mistletoe loads (95% C.I.: 0.003 – 0.9). There was no 

single species that accounted for the difference in species richness between the two 

groups of trees. Some species were only detected only in trees with high mistletoe 

loads (Acorn Woodpecker, frequency = 3). Other species were detected in both tree 

groups but more frequently in trees with high mistletoe loads (Northern Flicker, 

frequency = 4 vs. 1).   

 

Microhabitat and bird interactions 

 

 Of the five parameters included in the bird community/microhabitat model, the 

number of swellings and the percent of the crown composed of dead wood explained 

the most variance in detected bird abundance (Table 2.5). Natural cavities and the 

percent of the crown composed of loose bark explained the most variance in bird 

species richness (Table 2.6). No individual parameters were highly significant 

predictors of bird abundance or species richness but their relative importance to each 

other is informative. 

 

Discussion 

 

I found that in Oregon White Oak-dominated communities of the 

Willamette Valley, tree crown microhabitat abundance and avian abundance, 

species richness, and use of oak trees during the breeding season are positively 

associated with Oak Mistletoe loads. The positive association of overall 

microhabitat complexity and bird abundance, richness and use with higher 

mistletoe loads is consistent with my hypothesis that mistletoe increases 

abundance and heterogeneity of microhabitat features that are important to birds. 

My findings suggest that some specific microhabitat features (swellings, dead 

wood, loose/missing bark, and natural cavities) are associated with mistletoe 
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while others (poison oak, cracks, excavated cavities) are not. Oaks trees provide a 

certain level of structural heterogeneity without mistletoe infections. However, 

the addition of mistletoe components increases tree structural heterogeneity 

beyond that which is found in uninfected trees. Positive associations have been 

shown to occur between other mistletoe species and wildlife (Bennetts et al. 

1996, Watson 2001, Shaw et al. 2009, Watson and Herring 2012), but this is the 

first report of such a connection for P. villosum in Oregon White Oak. The 

accumulation of mistletoe may have cascading effects on the availability of 

microhabitat features for feeding and sheltering wildlife. Cascading habitat 

formation, whereby one organism modifies the structure of a second organism, 

thereby creating a habitat resource for a third, has been previously documented in 

other ecological contexts (Thomsen et al. 2010, Thomsen and Wernberg 2014). 

In this study, Oak Mistletoe is an agent of cascading habitat formation for oak-

associated wildlife. 

 

Microhabitat features 

 

I compared pairs of large trees in order to control for landscape-level factors 

and found that a parasitic plant can have a strong association with structural 

complexity. Microhabitats, including dead wood, loose/missing bark, cracks, and 

cavities can be a major factor explaining abundance and species richness of wildlife 

(Regnery et al. 2013). The results of the ordination suggest that though both groups 

shared similar microhabitat composition, variation in microhabitat abundance was 

significantly higher in trees with high mistletoe loads. This overall microhabitat 

abundance may partially explain the difference detected in the bird response 

variables in the two different mistletoe loads. Microhabitats in forest stands 

increase with tree age, ecological continuity, and tree size (Winter and Moller 2008, 

Michel and Winter 2009, Vuidot et al. 2010, Regnery et al. 2013). The importance 
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of structural complexity to birds was originally documented by MacArthur and 

MacArthur (1961) and MacArthur et al. (1962) and provides the theoretical 

foundation of the link between biodiversity and structure though Tews et al. (2004) 

showed that effect of habitat heterogeneity can vary between species. In my study, I 

found that a group of trees with high structural complexity had high bird abundance 

and species richness when compared to a similar group of trees with lower 

structural complexity. Regnery et al. (2013) showed that microhabitat abundance 

and richness were the best indicators of bird species richness and proportion of 

cavity nesters at the stand scale. They additionally found that all of the cavity 

nesting bird species they studied showed significant positive relationships with tree 

microhabitat. In the context of this body of literature, my findings suggest that 

mistletoe may benefit oak-associated bird communities by enhancing tree and stand 

structural heterogeneity. 

The relationship between wildlife, mistletoe, and tree structure observed in 

this study is consistent with the relationships described in studies on the related 

Dwarf Mistletoe (Arceuthobium spp., family Viscaceae) in coniferous forests, where 

mistletoes form microhabitat structural features called witch’s brooms. Dwarf 

Mistletoe-induced witch’s brooms provide microhabitats for denning, roosting, and 

nesting of Red Squirrels (Tamiasciurus hudsonicus), Long-eared Owls (Asio otus) 

and Great Horned Owls (Bubo virginianus), American Martens (Martes americana), 

Fishers (Martes pennanti), and Porcupines (Erethizon dorstum) (Hedwall et al. 2006, 

Bull et al. 1997, Parks et al. 1997, Forsman et al. 1984, Tinnin et al. 1982, 

Hawksworth and Wiens 1972). 

Oak Mistletoe does not form witch’s brooms, but there are several other 

mechanisms through which mistletoes can exhibit cascading habitat formation 

properties. Watson (2001) and Watson and Herring (2012) have shown that 

mistletoes are keystone species in forest habitats and tree crowns because they 

increase biodiversity through multiple pathways, including direct nutritional 
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resources (fruit, flowers, herbivores), tree structural attributes, as well as litterfall 

and nutrient concentration influence on productivity. Oregon White Oaks infected 

with Oak Mistletoe may be attractive to birds because of structural features that 

benefit breeding birds, and fruit resources that benefit overwintering species. I 

explore bird use of fruit resources in Chapter 3. 

Microhabitat features that were positively associated with mistletoe may be 

attractive to several bird species. Anecdotal evidence and personal observations 

suggest that the modified root like structures that connect the mistletoe plant to the 

host tree (endophytic system) can become swollen and cracked and often develop 

fissures that might harbor insects and serve as caching locations for prey-caching 

birds, and cavities that could be used by cavity nesting birds. Mallams and 

Mathiasen (2010) suggest that distal portions of branches beyond mistletoe 

infections sites are killed by water or nutrient stress, thereby increasing the amount 

of dead wood in the crown. Dead wood has been shown to be an important wildlife 

resource (Garrison et al. 2002). The increase in dead wood observed in trees with 

high mistletoe load could partially explain my findings of higher bird abundance, 

species richness and use of trees with higher mistletoe loads. Loose/missing bark is 

a sign of further decay after the initial death of a wood feature and is an important to 

insects (Similä et al. 2003) as well as Brown Creepers (Marhsall et al. 2003). 

Loose/missing bark is a legacy from previous tree damage events and can indicate a 

history of mistletoe infection. Natural cavity abundance was higher in trees with 

high mistletoe loads, likely due to the increase in swollen endophytic system 

associated with mistletoe infection. These features are probably important for 

secondary cavity nesters like White-breasted Nuthatch and Western Bluebird which 

are Strategy Species. These species do not excavate their own nest cavities and are 

dependent on primary cavity nesters, humans or tree damage to create them 

(Marshall et al. 2003). 

Contrary to my hypothesis, several microhabitat features were not positively 
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associated with mistletoe load, including deep cracks, excavated cavities, and Poison 

Oak. Trees under extreme water or nutrient stress can form deep horizontal cracks or 

become susceptible to other pathogens (Day 1950, Wargo 1996). Cracks can serve 

as food storage or nest sites for several species and pathogens can soften wood, 

making it easier for primary cavity excavators to make cavities. However, the lack of 

association with mistletoe for both variables suggests that the trees in my study were 

able to support their current mistletoe loads without suffering enough water or 

nutrient stress to cause crack formation or attract additional cavity excavators, 

though I did not rule out all other potential sources of cracks. The relationship 

between P. villosum and physical stress of oak trees warrants further investigation. 

Trees weakened by mistletoe may develop thinner canopies allowing more 

light to penetrate the crown. More light reaching the floor could enhance the growth 

of lianas (Aide and Zimmerman 1990). However, Poison Oak abundance was higher 

in trees with low mistletoe loads and I did not measure canopy closure under my 

study trees. It is possible that the density of mistletoe plants in tree crowns created 

additional canopy closure which reduced sunlight falling to the floor, thereby 

reducing the abundance of lianas on trees with high mistletoe loads. This relationship 

also warrants further investigation. 

 

Community-level bird responses 

 

The community-level bird responses observed in this study are consistent 

with previous studies in other systems on the relationship between bird abundance or 

species richness and mistletoe abundance (Bennetts and Hawksworth 1991, Van 

Ommeren and Whitham 2002, Aukema 2003, Dickinson and McGowan 2005, 

Watson and Herring 2012, Wilson et al. 2014). The focus of previous Oak Mistletoe 

studies has been on Western Bluebird association with mistletoe fruit resources 

(Dickenson and McGowan 2005, Wilson et al. 2014). However, in this part of the 
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study, I did not evaluate fruit resources and still found a positive relationship 

between breeding bird communities and Oregon White Oak trees infected with 

mistletoe. I discuss bird/mistletoe fruit associations in Chapter 3. In their studies, 

Dickinson and McGowan (2005) and Wilson et al. (2014) found that fall and winter 

Western Bluebird territory size and placement, as well as family group dynamics, 

were strongly influenced by Oak Mistletoe abundance, which corresponds with my 

research indicating that Oak Mistletoe can be important for wildlife. 

In a study of Phoradendron juniperinum, Van Ommeren and Whitham 

(2002) hypothesized that mistletoe fruits were a factor influencing the abundance of 

Townsend’s Solitaires (Myadestes townsendi) and other avian frugivores including 

Western Bluebird, American Robin, and Cedar Waxwing (Bombycilla cedrorum). 

They found that mistletoe-infected stands had three-fold more avian frugivores than 

mistletoe-free stands, suggesting that mistletoe infected stands are more attractive 

to frugivorous birds than uninfected stands. My results generally support this 

hypothesis at the scale of individual trees. While not focusing on frugivores 

specifically, I found a nearly two-fold increase in bird abundance when all species 

were combined and a nearly two-fold increase in abundance of cavity-nesting and 

bark-gleaning birds. 

My findings of bird associations with mistletoe at the scale of individual 

trees is consistent with the results of Bennetts et al. (1996), which focused on bird 

responses at the stand-level where they found positive correlations between bird 

species richness and dwarf mistletoe abundance. Bennetts et al. also found that snag 

abundance was correlated with mistletoe level and that cavity-nesting bird 

abundance was positively correlated with both mistletoe levels and snag densities. 

These findings, along with my own results and those of Regnery et al. (2013), 

support the idea that mistletoe can increase the availability of habitat features and 

populations of the animals that depend on those features. 
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Microhabitat and bird interactions 

 

The bird species frequently detected in this study are characteristic of 

Willamette Valley oak woodland breeding bird communities (Anderson 1970, Hagar 

and Stern 2001). The overall bird assemblage in trees with high and low mistletoe 

loads were similar, which is not surprising given the proximity of the trees within a 

pair. Common species detected throughout the study included Orange-crowned 

Warbler, American Robin, Western Wood-pewee, Lazuli Bunting, and Black-

capped Chickadee. Several cavity-nesting and bark-gleaning species were less 

frequently detected in this study when measured at the guild-level but are still 

important from an oak management standpoint. These species include Acorn 

Woodpecker, White-breasted Nuthatch, Brown Creeper (Certhia Americana), and 

Downy Woodpecker (Picoides pubescens). The guild-level response of cavity-

nesters and bark-gleaners to mistletoe load was not as strong as that of all birds 

together. Species richness within the guild was higher in trees with high mistletoe 

loads while bird abundance was not, indicating that the increase in the diversity of 

available niches contributed strongly to the guild-level species richness while 

overall bird abundance was still limited by the availability of other resources. 

The higher abundance of Black-capped Chickadees I detected in trees with 

high mistletoe load may be due to the greater availability of dead wood which Black-

capped Chickadees use for nesting and foraging. Black-capped Chickadees nest in 

cavities and will used abandoned woodpecker nests, natural cavities, or nest boxes 

(Marshall et al. 2003). Both sexes will excavate nest sites in partially rotted wood as 

well, indicating that they are somewhat opportunistic in their nest site selection. I 

detected more Black-capped Chickadees in a group of trees with high mistletoe loads 

(mean = 8.7) than in a group of trees with low mistletoe loads (mean = 4.7). This 

may be due to the observed increased abundance in dead wood and natural cavity 

microhabitats available for nesting in trees with high mistletoe loads. Black-capped 
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Chickadee diets are composed of 80-90% invertebrate matter, which is primarily 

gleaned from tree bark (Foote et al. 2010). Chickadees rarely immediately eat what 

they find but rather cache it for later consumption in bark crevices, lichens, dead 

leaves, knotholes, dirt, or snow (Foote et al. 2010). I did not quantify dead leaf or 

lichen resources in this study but knotholes were considered natural cavities. The 

presence of additional natural cavities for food caching may partially explain the 

increased abundance of Black-capped Chickadees in trees with high mistletoe loads. 

Lazuli Buntings and Western Wood-pewees are strongly associated with oak 

woodlands and during the breeding season, they are also associated with meadows 

bordered by tall snags and trees with dead branches for singing and perching (Hagar 

and Stern 2001, Marshall et al. 2003). Most of the diet of Lazuli Buntings is 

comprised of invertebrate material which they glean from foliage and twigs. 

However, they also sally for flying insects opportunistically from exposed perches 

(Greene et al. 2014). Western Wood-pewees flycatch almost exclusively and require 

trees with open understories in order to forage (Marshall et al. 2003). Trees with 

high mistletoe loads in my study had higher percentages of dead wood in the crowns 

than trees with low mistletoe loads, usually in the form of dead branches. These dead 

branches could be ideal structures for both displaying and flycatching for both 

species and may partially explain their higher abundance in trees with high mistletoe 

loads in this study. In addition to flycatching, Western Wood-pewees are known to 

hover-glean insects from foliage (Bemis et al. 1999). I detected one Western Wood-

pewee hover-gleaning insects from a P. villosum plant at Finely National Wildlife 

Refuge on July 1
st

, 2014. This is the only observation I have for birds foraging 

directly on mistletoe plants during the spring. 

Orange-crowned Warblers were the most common bird species detected in 

this study. They are generally associated with brushy, deciduous forests (Marshall et 

al. 2003). They primarily nest on the ground but will also nest in low shrubs or dense 

lianas (Ehrlich et al. 1988). I found a higher abundance of the liana form of Poison 
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Oak in trees with low mistletoe loads but detected more Orange-crowned Warblers in 

trees with high mistletoe loads. This leads me to believe that in this study, Poison 

Oak lianas do not offer a nesting resource that is particularly attractive to this 

species. I did not directly measure leaf vigor in my study trees but if mistletoe 

infection caused a reduction in tree vigor, leaves could be more susceptible to the 

folivorous insects favored by Orange-crowned Warblers (White 1969). Other foliage-

gleaning species responded similarly including Common Yellowthroat, Black-

throated Gray, and Wilson’s Warblers, lending support to a folivorous insect 

abundance hypothesis.  

Although Acorn and Downy Woodpeckers were not commonly detected in 

this study, they were detected more frequently in trees with high mistletoe loads 

(Appendix 2.1). Both species excavate nesting cavities in dead limbs and snags. 

Downy Woodpeckers are productive cavity excavators, creating at least one new 

nesting cavity every year (Eherlich et al. 1988). Despite my findings for these 

species, excavated cavities were not positively associated with mistletoe load. 

Therefore, their abundance in trees with high mistletoe loads must be explained by 

some other mechanism, for example by increased food resources. Both species 

consume large quantities of invertebrates. 

Downy Woodpeckers glean insects from tree bark and dig in through bark 

for wood- boring insects (Ehrelich et al 1988). By contrast, Acorn Woodpeckers 

rarely dig for insects but rather take insects on the wing from high, open perches 

such as dead limbs or snags (Marshall et al. 2003). Acorn Woodpeckers also build 

acorn storage ‘granaries’ by excavating holes in dead wood (Marshall et al. 2003). 

Thus dead wood is an important foraging microhabitat for both woodpecker species. 

The higher quantities of dead wood and associated opening of the lower crown 

observed in trees with high mistletoe loads may explain the higher abundances of 

these two species. 

White-breasted Nuthatches are highly associated with oak woodlands in the 
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Willamette Valley, and use both abandoned woodpecker nests and natural cavities 

for nesting and night roosting (Marshall et al. 2003). By contrast, Brown Creepers 

build nests beneath sheets of loose bark sloughing from the tree trunks (Eherlich et 

al. 1988). The presence of loose bark and natural cavities therefore are likely 

important microhabitat features for these species. Both species probe in bark 

crevices for invertebrates and regularly feed on spiders. They will also consume 

small quantities of acorns when available (Williams and Batzli 1979, Eherlich et al. 

1988). In addition, White-breasted Nuthatches cache large quantities of insect food 

in a manner described as ‘scatter hoarding’ where a single food item is cached in 

each location (Grubb et al. 2008). Food is stored in bark crevices and is often 

covered with a piece of bark or rotten wood (Grubb et al. 2008). Although oak 

woodlands would likely support populations of both species without the presence of 

Oak Mistletoe, my findings suggest that the increase in loose/missing bark 

associated with mistletoe makes trees with higher mistletoe loads more attractive to 

both species. 

 

Conclusions 

 

My results support the hypothesis that Oak Mistletoe serves an important 

function in oak woodlands of the Pacific Northwest by enhancing structural 

diversity of oak trees which has a cascading effect on wildlife biodiversity 

(Thomsen and Wernberg 2014). Oak Mistletoe increases the amount of dead wood 

in trees (Mallams and Mathiasen 2010) which can be a limiting factor for cavity 

nesting birds (Newton 1994). In forest ecosystems, the level of biodiversity is 

strongly linked to dead wood and tree microhabitats. Food webs are more complex 

in stands with higher diversity of tree microhabitats (Larrieu et al. 2012, Regnery et 

al. 2013). The positive association of abundance and diversity of the bird 

communities with Oak Mistletoe in this study are significant. In an already species-
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rich system like oak woodlands, mistletoe can contribute an additional 36% increase 

in bird abundance and a 12% increase in bird species richness in individual trees. If 

this effect were to be extrapolated across a landscape, it could have important 

implications for breeding bird populations. 

The goal of oak restoration is to support communities that benefit oak 

associated biota (Oregon Department of Fish and Wildlife 2006). The retention of as 

many functional elements as possible should be incorporated into management 

strategies for oak woodlands if the goal is to support biodiversity. Although I did not 

directly study the relationship between birds and microhabitats, the results of this 

study suggest that there is an important link between the two and that management 

of Oak Mistletoe for microhabitat may be a strategy to create structural complexity 

and enhanced wildlife diversity. The odds of a tree developing mistletoe infections 

increase as the tree ages, but are also dependent on managers maintaining a 

woodland condition that allows trees to develop open, full crowns. Mistletoes are 

important habitat forming plants that leave microhabitat legacies which are slow to 

accumulate in trees and which offer stable habitat resources over time (Watson 

2001). By retaining some trees with Oak Mistletoe in the crown, managers can 

enhance wildlife habitat for oak-associated birds. Therefore, where wood production 

is not a primary goal, and trees are not hazardous to human life and structures, 

retaining mistletoe infected trees as components of a functioning oak ecosystem may 

promote biodiversity. 
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Tables 

Table 2.1. List of microhabitat features, description and how they were quantified for 

Oregon White Oak in the Willamette Valley. 
MICROHABITAT 

FEATURE 

DECRIPTION METRIC High Low 

 

Branch swelling 

 

Oak Mistletoe infections are 

associated with a distinct 

swelling at the base of the plant.  

In older branches this can be 

large and may have decay 

inside. 

 

 

Number of 

swellings in tree 

crown 

 

378 total 

 

 

75 total 

Dead wood Branches or bole portions with 

basal diameters >13cm lacking 

live foliage; with or without 

bark (Garrison et al. 1995) 

Percent of the 

crown or bole 

comprised of 

dead wood 

5.8% avg 3.2% avg 

 

Loose or missing 

bark 

 

Branches with basal diameters 

>13cm lacking live foliage; with 

missing, shredded, peeling or 

sloughing bark 

 

Percent of the 

crown or bole 

with loose or 

missing bark 

 

3.3% avg 

 

2.1% avg 

 

Big cracks 

 

Crack in the sapwood >50cm 

long and at least 2cm deep 

(Winter and Moller 2008) 

 

Number of 

cracks in tree 

bole 

 

6 total 

 

3 total 

 

Natural cavities 

 

Cavity >5cm in diameter that 

appeared to be naturally formed 

as from a broken branch or 

fungal pathogen 

 

Number of 

natural cavities 

in bole or crown 

 

60 total 

 

22 total 

 

Woodpecker cavities 

 

Cavity >5cm in diameter with 

visible sign of excavation i.e. 

flaked bark and exposed  

 

Number of 

excavated 

cavities in bole 

or crown 

 

7 total 

 

10 total 

 

Lianas on tree 

 

The primary liana was Poison 

Oak (Toxicodendron 

diversilobum), which climbs 

toward the canopy using trees 

for support 

 

% of the bole 

that was covered 

with liana crown 

and stem 

 

6.5% avg 

 

10.6% 

avg 
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Table 2.2. Paired t-test results for differences in DBH, height, crown volume, number of mistletoe clumps, and mistletoe as a 

percent of total crown volume between high mistletoe trees and low mistletoe trees. 

 

 

 

 

 

 

 

Table 2.3. R2 values for NMS ordination of microhabitat variables  

Axis Increment Cumulative 

1 0.359 0.359 

2 0.443 0.802 

3 0.138 0.940 

 

 

  

 Mean 

Hi 

SE 

Hi 

Mean 

Lo 

SE 

Lo 

t stat D.F.  Estimate 95% CI  p-value  

DBH 84.7 cm 3.81 80.23 4.17 1.46 29 4.4 cm -1.77 cm 10.63 cm 0.15  

Height 20.33 0.83 19.43 0.8 1.80 29 0.9 m -0.12 m 1.93 m 0.08  

Crown 

Vol. 

5789 593 4818 483 1.89 29 965 m3 -81 m3 2011 m3 0.07  

Clumps 40.87 3.9 6.23 1.3 9.94 29 34.3 27.24 41.36 <0.001 **

* 

Clump 

Vol. 

19.33 3.21 3.53 1.54 6.06 29 15.8% 10.17% 21.13% <0.001 **

* 
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Table 2.4. 
 
Paired t-test results for differences in number of swellings, percent crown dead wood, number of natural cavities, 

percent crown loose/missing bark, number of deep cracks, number of excavated cavities, and percent of the bole covered by 

Poison Oak. 

 

 

Mean 

Hi 

SD 

Hi 

Mean 

Lo 

SD 

Lo t stat D.F. Estimate 95% CI  P-value 

Swellings 12.6 12.22 2.5 5.11 4.86 29 10.1 5.85 14.35 0.0001 

Dead wood 5.83 4.54 3.1 2.99 2.96 29 2.73 0.85 4.62 0.006 

Natural Cavities 2 3.77 0.73 1.82 2.74 29 1.27 0.32 2.21 0.01 

Loose bark 3.3 3.3 2.03 2.43 2 29 1.27 -0.03 2.56 0.055 

Cracks 0.5 1.85 0.1 0.4 1.16 29 0.4 -0.3 1.1 0.26 

Excavated Cavities 0.23 0.9 0.37 1.65 -0.38 29 -0.13 -0.85 0.59 0.71 

Poison Oak 6.47 13.64 10.6 14.89 -1.29 29 -4.24 -10.96 2.47 0.21 
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Table 2.5 Parameter estimates with standard errors and p-values for the effects of microhabitat features on bird abundance. 

 

 Estimate SE t-value p-value 

Crown volume 6.1e-05 7.6e-05 0.80 0.43 

Swellings 3.78e-02 2.62e-02 1.44 0.15 

Dead wood 8.35e-02 1.04e-01 0.81 0.42 

Loose bark -4.31e-02 1.44e-01 -0.3 0.77 

Natural cavities -1.5e-02 9.21e-02 -0.16 0.87 

 

 

 

 

 

Table 2.6 Parameter estimates with standard errors and p-values for the effects of microhabitat features on bird species 

richness. 

 

 Estimate SE t-value p-value 

Crown volume 5.4e-05 1.19e-04 0.46 0.65 

Swellings 5.61e-04 4.09e-02 0.01 0.99 

Dead wood 2.38e-01 1.62e-01 1.47 0.15 

Loose bark -2.1e-01 2.25e-01 -0.93 0.36 

Natural cavities 2.51e-01 1.44e-01 1.74 0.09 



53 

 

 

Figures 

Figure 2.1. Study tree locations in the Willamette Valley, Oregon. 
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Figure 2.2. Photograph depicting typical understory at study sites. 
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Figure 2.3. Photograph depicting a typical pair of study trees during leaf-off. The tree 

on the right has the higher mistletoe load. 
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Figure 2.4. Photograph depicting well developed swellings caused by mistletoe 

(endophytic system) on Q. garryana. 
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Figure 2.5. Photograph depicting dead limbs on Q. garryana. Photo taken during leaf-

off season. Circled branches are dead. 
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Figure 2.6. Photograph depicting natural cavities and limbs with loose/missing bark. 
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Figure 2.7. Photograph depicting natural and excavated cavities in Q. garryana. 

Although this tree shows heavy use by wildlife, it was not used in this study because I 

could not find a similarly shaped tree nearby. 
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Figure 2.8. Photograph depicting 40% coverage of T. diversilobum on Q. garryana. 
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Figure 2.9. Graph of NMS ordination of 60 trees in microhabitat space. Axes are 

synthetic gradients of microhabitat created by compressing a seven-dimensional 

microhabitat space into two dimensions. White triangles represent trees with high 

mistletoe loads, black triangles represent trees with low mistletoe loads. Polygons 

indicate the maximum variance in microhabitat space for each of the two groups of 

trees. The two groups occupy similar locations in microhabitat space but trees with 

high mistletoe loads were much more variable in terms of their microhabitat 

composition. 
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Figure 2.10. Panel of microhabitat features that were positively associated with 

mistletoe load. Vertical axes are A) mistletoe load vs. number of swellings, B) 

mistletoe load vs % dead wood, C) mistletoe load vs % loose bark, and D) mistletoe 

load vs. number of natural cavities. Horizontal axes are mistletoe load. 
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Figure 2.11. Panel of microhabitat features that were not associated with mistletoe 

load. Vertical axes are A) mistletoe load vs number of deep cracks, B) mistletoe load 

vs. number of excavated cavities, and C) mistletoe load vs. % poison oak. Horizontal 

axes are mistletoe load. 
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Figure 2.12. Panel of community-level bird associations with mistletoe. Vertical axes 

are A) mistletoe load vs average bird abundance, B) mistletoe load vs total species 

richness, and C) mistletoe load vs Bird Use in Minutes. Horizontal axes are mistletoe 

load. 
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Figure 2.13. Panel of guild-level bird associations with mistletoe. Vertical axes are A) 

mistletoe load vs average guild-level abundance and B) mistletoe load vs. total guild-

level species richness. Horizontal axes are mistletoe loads. 
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Appendices 

Appendix 2.1. Bird species detected in Willamette Valley oak woodlands in this 

study, cavity-nesting/bark-gleaning guild status, and abundance in trees with high 

and low mistletoe loads. 

  

Common Name Scientific Name 

Cavity 

Nester 

Bark 

Gleaner 

High 

Mistletoe 

Low 

Mistletoe 

Acorn Woodpecker Melanerpes formicivorus X X 5 0 

American Robin Turdus migratorius   16 14 

Band-tailed Pigeon Patagioenas fasciata   3 0 

Barn Swallow Hirundo rustica   1 1 

Bewick's Wren Thryomanes bewickii X  2 0 

Black-capped Chickadee Poecile atricapillus X X 26 14 

Black-headed Grosbeak 

Pheucticus 

melanocephalus   4 11 

Black-throated Gray 

Warbler Setophaga nigrescens   4 0 

Brown Creeper Certhia americana X X 7 6 

Brown-headed Cowbird Molothrus ater   7 1 

Bullock's Oriole Icterus bullockii   4 3 

Bushtit Psaltriparus minimus  X 1 0 

Cedar Waxwing Bombycilla cedrorum   12 10 

Chipping Sparrow Spizella passerina   1 0 

Common Yellowthroat Geothlypis trichas   10 3 

Dark-eyed Junco Junco hyemalis X*  1 0 

Downy Woodpecker Picoides pubescens X X 6 1 

European Starling Sturnus vulgaris X  14 10 

Evening Grosbeak 

Coccothraustes 

vespertinus   13 0 

Golden-crowned 

Sparrow Zonotrichia atricapilla   1 0 

Gray Jay Perisoreus canadensis   2 4 

Hairy Woodpecker Picoides villosus X X 2 1 

House Wren Troglodytes aedon X  6 6 

Lazuli Bunting Passerina amoena   24 16 

Lesser Goldfinch Spinus psaltria   12 11 

Mourning Dove Zenaida macroura   2 0 

Northern Flicker Colaptes auratus X X 4 1 

Orange-crowned Warbler Oreothlypis celata   22 10 
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Common Name Scientific Name 

Cavity 

Nester 

Bark 

Gleaner 

High 

Mistletoe 

Low 

Mistletoe 

Pacific Wren Troglodytes pacificus X  0 1 

Pacific-slop Flycatcher Empidonax difficilis X  1 0 

Purple Finch Haemorhous purpureus   13 3 

Red-breasted Nuthatch Sitta canadensis X X 2 0 

Red-breasted Sapsucker Sphyrapicus ruber X X 0 1 

Red-tailed Hawk Buteo jamaicensis   1 1 

Red-winged Blackbird Agelaius phoeniceus   2 2 

Rufous Hummingbird Selasphorus rufus   2 2 

Song Sparrow Melospiza melodia   1 4 

Spotted Towhee Pipilo maculatus   16 5 

Stellar's Jay Cyanocitta stelleri   3 0 

Swainsons Thrush Catharus ustulatus   2 1 

Violet-green Swallow Tachycineta thalassina X  2 0 

Western Scrub-jay Aphelocoma californica   10 10 

Western Tanager Piranga ludoviciana   8 6 

Western Wood-pewee Contopus sordidulus   22 12 

White-breasted Nuthatch Sitta carolinensis X X 13 8 

White-crowned Sparrow Zonotrichia leucophrys   3 0 

Wilson's Warbler Cardellina pusilla   3 1 

  

* Will nest in loose bark 

crevices  
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CHAPTER 3: WILDLIFE USE OF OAK MISTLETOE FRUITS IN OAK 

WOODLANDS OF WESTERN OREGON   

 

Abstract 

 

Anecdotal evidence suggests that several bird species potentially disperse 

seeds of Oak Mistletoe (Phoradendron villosum) in oak woodlands of the Pacific 

Northwest. However, there have been no published accounts of which species 

regularly feed on the fruits of this pathogen. Oak Mistletoe is an important habitat 

component in terms of its ability to alter the crown structure of the host tree. It is 

important for land managers to understand how this pathogen is dispersed across the 

landscape and which species it benefits. In order to investigate the use of Oak 

Mistletoe fruits as a wildlife food resource, I recruited citizen scientists to record 

observations of birds feeding on mistletoe fruits in the fall of 2014 and winter of 2015 

in western Oregon. In addition, I installed six camera traps in Oregon White Oak 

(Quercus garryana) trees in order to capture additional observations of birds and other 

wildlife feeding on Oak Mistletoe fruits. My results suggest that Oak Mistletoe is a fall 

and winter food resource for Western Bluebirds (Sialia mexicana) and is also used by 

American Robins (Turdus migratorius), Cedar Waxwings (Bombycilla cedrorum), and 

Wild Turkeys (Meleagris gallopavo). In addition, Oak Mistletoe was used regularly at 

my study sites by Western Grey Squirrels (Sciurus griseus), although consumption of 

fruits was not confirmed. By retaining some trees with mistletoe in the crown, land 

managers may be able to increase habitat quality for the wildlife that use mistletoe as a 

food resource during the fall and winter. 

 

Keywords: birds; oak savannah; oak woodland; foraging; mistletoe; Phoradendron 

villosum; Quercus garryana; Willamette Valley; Oregon 
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Introduction 

 

In Chapter 2, I described the relationship between Oak Mistletoe 

(Phoradendron villosum) abundance, microhabitat complexity and breeding season 

bird abundance, species richness and use. During the spring breeding season of 2014, I 

found that in Oregon White Oak trees (Quercus garryana), trees with high mistletoe 

loads supported higher abundances of several key microhabitat features which are 

important for some bird species for feeding and nesting including branch swellings, 

dead wood, loose bark, and natural cavities. Average bird abundance and species 

richness were positively associated with mistletoe load and birds spent more time 

using trees with higher mistletoe loads, supporting the idea that during the spring 

breeding season, these microhabitat features are important resources for wildlife. I 

conclude that because mistletoe encourages the formation of these features, it is an 

important ecosystem component. 

Mistletoes can impact the rest of the ecosystem through multiple additional 

pathways including fruit, flowers, and leaves as food resources, and litter through-fall 

as a soil nutrient resource (Watson 2001). There is scant documentation regarding the 

role of Oak Mistletoe as a food resource for wildlife in oak woodlands of the Pacific 

Northwest. Several studies in central California have focused on Western Bluebird 

(Sialia mexicana) demography as it relates to habitat resources such as Oak Mistletoe 

(Dickinson and McGowan 2005, Dickinson et al 2009, Kleiber et al 2007, Kraaijeveld 

and Dickinson 2001, Wilson et al 2014). However, mine is the first study that I am 

aware of to document bird and mammal use of Oak Mistletoe as a food resource 

outside of central California. 

In general, mistletoe life histories are closely tied to birds or other arboreal 

wildlife through seed ingestion and dispersal, and it is believed that mistletoes and 

some bird species share a co-evolutionary history (Sutton 1951, Reid 1991). The fruits 

of many mistletoe species consist of an outer skin called an exocarp which is often 
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indigestible by frugivores. The seed itself is usually surrounded by a sticky substance 

called viscin, which persists on the seed after it has passed through the digestive tract 

of the seed disperser (Mathiasen et al. 2008). After an animal consumes the fruit, the 

seed is excreted and adheres to the surface that it lands upon. Generally, the seed can 

successfully establish if it lands on a narrow, outer branch of an appropriate host tree 

with thin bark. The mistletoe seedling forms a connection with the host tree via a 

modified root-like structure called an endophytic system and the host tree effectively 

becomes the root system for the mistletoe (Mathiasen et al. 2008). The mistletoe draws 

water and nutrients from the host tree, often killing the distal portions of the infected 

branch beyond the endophytic system connection. Over time the endophytic system 

may become enlarged and develop crevices and cavities (Figure 3.1). These features 

serve as important microhabitats for oak woodland-associated birds during the 

breeding season (Chapter 2) and possibly other wildlife species as well. However, the 

importance of Oak Mistletoe to wildlife outside of the spring bird breeding season in 

this region is still relatively unknown. 

In addition to breeding season habitat resources, Oak Mistletoe provides a 

potentially important food resource to wildlife in the fall and winter but it is necessary 

to first determine what species use it as a food resource. Oak Mistletoe comes to fruit 

in early November in my study area and persists on the plant until late February 

(personal observation). The species that disperse Oak Mistletoe have not been 

documented in the Willamette Valley, though the life history of mistletoe, including 

timing of fruit availability, suggests that birds that over-winter in oak woodlands may 

be involved in Oak Mistletoe seed dispersal. Life history traits suggests that the 

following species could potentially feed on Oak Mistletoe fruits in the Willamette 

Valley: Band-tailed Pigeon (Patagioenas fasciata), Northern Flicker (Colaptes 

auratus), Western Scrub-Jay (Aphelocoma californica), American Robin (Turdus 

migratorius), Varied Thrush (Ixoreus naevius), European Starling (Sturnus vulgaris), 

Cedar Waxwing (Bombycilla cedrorum), and Yellow-rumped Warbler (Setophaga 
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coronate). 

The goal of this study was to determine which bird species are likely dispersers 

of the seeds of P. villosum. My specific objective was to document bird species that 

consume Oak Mistletoe fruits during the fall and winter in the Willamette Valley. I 

designed a study to address the question of which bird species consume the fruit of P. 

villosum in Western Oregon. I first designed a citizen science project aimed at 

generating observations of birds feeding on mistletoe fruits. The citizen science 

approach uses volunteers of all backgrounds and skill levels to engage in scientific 

activity, typically data collection. Gommerman and Monroe (2012) cited eight 

attributes that determine whether a research project is suitable for a citizen science 

project: 

 Data collection is labor intensive 

 Data are collected from field situations 

 Quantitative observations are needed 

 Protocols are easy to learn and execute 

 Spatial and temporal extents are broad 

 Internet-accessible data submission is possible 

 Large datasets are needed 

 Guide materials or professional assistance are available 

This project meets all of these attributes except for the last; I did not provide guide 

materials and professional assistance to the volunteers. The primary benefits of using 

the citizen science approach are that it can increase awareness among the volunteers of 

the issue being studied, and that it can generate larger datasets than a researcher or 

team of researchers could produce on their own. In addition, several authors have 

suggested that when given proper training, citizen scientists can collect data 

comparable to that collected by professionals (Au et al., 2000; Canfield et al. 2002; 

Fore et al., 2001; Delaney et al., 2008). However, my resources did not allow for 

proper training of the volunteers; instead, I worked with volunteers who self- 
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identified as being adequately able to collect the requested data. 

In order to expand the dataset beyond what was collected by the citizen 

scientists, I conducted a study using remotely collected data to capture observations of 

birds foraging on mistletoe fruits. Since some bird species do not maintain territories 

in the winter and form foraging flocks, the likelihood of capturing feeding activity at 

any specific tree is greatly diminished. In order to determine which species of birds 

forage on mistletoe fruits, one might need to observe mistletoe plants continuously for 

long time periods. Camera traps have the ability to capture wildlife activity 

continuously for months. 

 

Methods 

 

Avian mistletoe citizen science  

 

With the help of OSU College of Forestry staff, I developed a website 

(http://avianmistletoe.forestry.oregonstate.edu/) where citizens could enter sightings of 

birds feeding on Oak Mistletoe fruits. I did not have the resources to adequately train a 

large group of citizen scientists to correctly identify bird species. Therefore, I did not 

advertise the website broadly and limited my recruitment process to groups of 

individuals who were most likely to be competent in western Oregon bird 

identification. I addressed each of the three local Audubon societies during monthly 

chapter meetings (Lane Audubon, September 23rd, 2014; Corvallis Audubon, 

September 18th, 2014; Salem Audubon, September 16th, 2014) in order to build 

enthusiasm and recruit volunteers for the project. I also disseminated a request for 

volunteer data submission through each of the above Audubon chapter newsletters 

(Pritchard 2014a, 2014b, 2014c), through the Oregon State University Bird Nerds 

listserve, and through my personal network of professional and amateur ornithologists. 

All volunteers were specifically instructed to limit data reports to sightings of birds 

http://avianmistletoe.forestry.oregonstate.edu/
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eating mistletoe fruits within the Willamette Valley, though one observation was 

submitted from the adjacent Umpqua Valley. I assumed that all data submissions were 

true and accurate. 

 

Camera trapping  

 

With the help of five professional and amateur tree climbers, I placed six 

motion-sensing cameras (Bushnell Trophy Cam HD Max 119477) in trees with many 

mistletoe plants. I located five candidate trees at Finley National Wildlife Refuge that 

were near roads but not likely to be disturbed by refuge visitors. Trees showed no sign 

of climbing hazards and contained large clumps of mistletoe (>40cm in diameter) with 

many fruits (>1,000 fruits per plant) (Figure 3.2). One tree received two cameras, and 

the other five trees received one camera each. We placed each camera between 15 and 

20 meters above ground and at an angle to maximize probability of capturing any 

animal visiting mistletoe clumps. Cameras were set different settings in order to 

maximize the likelihood of capturing hypothesized avian foraging (Table 1). Camera 5 

produced the best quality images; however, this was largely due to camera angle and 

positioning as well as relative angle to the sun rather than to the settings used. All six 

cameras were installed on December 14th, 2014 and removed on February 15th, 2015. 

 

Results  

 

Avian mistletoe citizen science  

 

 I received a total of 16 volunteer citizen science data submissions from 11 

observers (Figure 3.3). The majority of observations were of Western Bluebirds 

foraging on mistletoe fruits (n=14), with one observation of American Robins (Turdus 
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migratorius). There was additionally one observation of Wild Turkeys (Meleagris 

gallopavo) which is worth reproducing here:  

 

“About 7 birds flopping around in an Oak with many large clumps 

of mistletoe. This is the first time I have noted this with Turkeys... 

As you might imagine, they are not very graceful in a small-

branched oak canopy.” 

 

Camera trapping  

 

After 63 days of camera trapping, I obtained 5,685 video files and 9,327 still 

images for a total of 15,012 files. From this total, 14,774 files appeared to be false 

triggers (e.g., due to motion of leaves in wind), leaving only 238 files containing signs 

of wildlife. I was able to positively identify the animals in 161 of the files (Figure 3.4). 

Surprisingly, Western Gray Squirrel (Sciurus griseus) was the most common animal 

positively identified using mistletoe clumps during the trapping period (n = 70) 

(Figure 3.5). However, the total number of bird observations (n = 168) was much 

higher than the number of squirrel observations. Many of the birds captured by the 

cameras could not be positively identified to species (n = 77). This was largely due to 

poor light conditions or to the view being obstructed by vegetation. Western Bluebirds 

were the next most commonly observed species (n = 61) (Figure 3.6), and remaining 

observations were of American Robins (n = 17) (Figure 3.7), Cedar Waxwings 

(Bombycilla cedrorum) (n = 7), Steller’s Jay (Cyanocitta stelleri) (n = 4), and Black-

capped Chickadees (Poecile atricapillus) (n = 2). 

 

Discussion 

 

These two studies were undertaken with the single goal of generating a list of 
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species that feed on mistletoe fruits. The resulting list was shorter than I anticipated, 

based on the number of species anecdotally suggested to be consumers of Oak 

Mistletoe fruits. However, the list includes several species that have been documented 

feeding on mistletoe fruits in central California including Western Bluebird, Cedar 

Waxwing, and American Robin. Additionally, this is the first study that I am aware of 

to document a mammal species (Western Gray Squirrel) using Oak Mistletoe. 

 

Avian mistletoe citizen science 

 

Volunteers reported a total of three bird species foraging on Oak Mistletoe in 

the fall of 2014 and winter of 2015. However, the frequency of with which volunteers 

observed Western Bluebirds feeding on mistletoe fruits suggests that they may 

consume many more mistletoe fruits than other resident bird species. Grinnell and 

Storer (1924) reported that Western Bluebirds were the primary consumer of mistletoe 

fruits in Quercus chrysolepis in the Yosemite Valley, California, suggesting that 

Western Bluebirds may consume mistletoe fruits in a wide variety of environments 

where their range overlaps with that of various mistletoe species. American Robins are 

known to feed on the fruits of several trees and shrubs including Juniper (Juniperus 

spp.), Black Hawthorne (Crataegus douglasii), and Mountain Ash (Sorbus sitchensis) 

as well as several invasive and agricultural fruits (Marshall et al. 2003). However, this 

is the first observation I found of robins consuming mistletoe fruits. Given the 

ubiquity of American Robins in the Pacific Northwest, and the infrequency with which 

they were observed to feed on mistletoe fruits, it may be that robins use Oak Mistletoe 

opportunistically in this region to supplement their diet. Thus, mistletoe fruits may be 

a less important food resource for American Robins than for Western Bluebirds. 

The observation of Wild Turkeys feeding on mistletoe fruits is especially 

intriguing. Turkeys are opportunistic omnivores that roost in trees at night (Marshall et 

al. 2003). Although it has not been reported before, they should be capable of feeding 
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on mistletoe fruits if they can get high enough in the canopy. Whether this is a normal 

behavior for turkeys that goes unnoticed, or whether this a rare occurrence is still 

unknown. It is possible that Wild Turkeys opportunistically feed on mistletoe fruits 

while feeding on acorns (Badyaev et al. 1996). Turkeys are not native to the Pacific 

Northwest and have been introduced as a game species. The true mistletoe 

Phoradendron serotinum is present in deciduous forests of the eastern United States 

(Mallams and Mathiasen 2010) where the turkey is native. However, I am not aware 

of any records of Wild Turkeys foraging on P. serotinum. I contacted representatives 

from the National Wild Turkey Federation (NWTF) to ascertain whether this behavior 

had ever been observed by Wild Turkey hunters or biologists before. Responses from 

NWTF indicated that this was a new behavioral observation for the species. 

 

Camera trapping  

 

The species list generated from the camera trapping effort compliments and 

expands on the data collected by the citizen science effort. All species, with the 

exception of Wild Turkey, were observed feeding on mistletoe fruits in both studies. 

Western Bluebirds were observed feeding on mistletoe fruits more frequently than any 

other bird species by orders of magnitude. The combined observations from the citizen 

science project and the camera trapping effort suggests that mistletoe fruits may be an 

important food for Western Bluebirds in the Willamette Valley at a time when few 

plant fruits are available for consumption. The importance of mistletoe to bluebird 

populations has been observed in other systems; for example, Rosenberg et al. (1991) 

found that 68% of Western Bluebird winter foraging activity was on mistletoe fruits 

while 30% was on invertebrates. In addition to Western Bluebird and American 

Robin, Cedar Waxwings were observed feeding on Oak Mistletoe fruits several times. 

Grinnell and Storer (1924) reported that after Western Bluebirds, Cedar Waxwings 

were frequent foragers on mistletoe fruits in the Yosemite Valley. I was not able to 
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positively confirm that any of the other bird species observed in the camera trapping 

study were eating mistletoe fruits. Black-capped Chickadees appeared to be gleaning 

insects from mistletoe twigs while Steller’s Jays appeared to be perching 

opportunistically on or near mistletoe plants and did not appear to be foraging on 

them. Taken together, the results of my study indicate that Oak Mistletoe fruits are a 

frequently consumed winter food resource for Western Bluebirds and a less frequently 

consumed food resource for American Robins and Cedar Waxwings. 

I observed Western Grey Squirrels using mistletoe plants several times during 

the camera trapping effort. I was unable to determine from the images, whether they 

were feeding on the fruits, feeding on the leaves, or collecting mistletoe sprigs for 

some other purpose such as nest lining. Western Grey Squirrels build nests 

continuously throughout the year (Linders et al. 2010), and may utilize mistletoe 

vegetation as one of the few deciduous nesting materials available during the 

fall/winter observation period. Additionally, some mistletoes have antimicrobial 

properties, which could be beneficial for nest sanitation (Deeni and Sadiq 2002, 

Osadebe, and Ukwueze 2004, Kang and Chung 2012). Watson (2001) lists several 

incidences of raptors using mistletoe sprigs as nest lining material in Africa and North 

America. 

Oak Mistletoe is dispersed by birds which feed on the fruits in fall and early 

winter (Grinnell and Storer 1924). Previous research has suggested that in central 

California P. villosum is an important winter food resource for a few bird species, 

including Western Bluebirds, (Felix 1970, Dickinson and McGowan 2005, Wilson et 

al. 2014). Western Bluebirds defend family territories against conspecifics in the 

winter. Young males delay dispersal and stay with the family for the first winter on 

territories with high quality mistletoe resources (Kraaijeveld and Dickinson 2001). 

When researchers experimentally removal of 50% of mistletoe resource, 80% of the 

juveniles at the study site abandoned the delayed dispersal strategy and left their natal 

territories (Dickinson and McGowan 2005). In a behavioral experiment, Kleiber et al. 
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(2007) found that Western Bluebirds of each sex defended their winter territorial 

resources more aggressively against conspecifics of the same sex, suggesting that 

mistletoe resources are tied to reproductive competition. Members of large groups 

were able to invest less energy in territory defense than members of small groups 

(Kleiber et al. 2007). In addition, the distribution of Oak Mistletoe appears to be 

aggregated at the scale of Western Bluebird winter territories, possibly influencing the 

size of winter territories (Wilson et al. 2014). 

 

Conclusion 

 

This study confirms that several bird species which were hypothesized to feed 

on Oak Mistletoe fruits do in fact do so, demonstrating that mistletoe does provide a 

food resource during a time of year when food may be very limited. Western 

Bluebirds were observed feeding on Oak Mistletoe fruits more frequently than any 

other bird in both studies. Mistletoe is clearly an important food resource for Western 

Bluebirds during the fall/winter. It is also used by several other bird species more 

opportunistically. In addition, it is used frequently by Western Grey Squirrels though 

for what purpose is still unknown. Future research examining the contents of Western 

Grey Squirrel nests could partially help answer this question. The life cycle of P. 

villosum requires that its seeds be dispersed by arboreal animals. Since Western 

Bluebirds feed on mistletoe fruits more than any other bird, it follows that Western 

Bluebirds are likely the primary seed dispersers of this pathogen and agent of 

structural diversity in my study area. The removal of mistletoe from the landscape 

would most likely be detrimental to Western Bluebirds during the fall and winter. It is 

possible that other bird species such as American Robin and Cedar Waxwing would 

not be as strongly affected. Mills et al. (1993) suggest that the removal of a keystone 

species would result in a decline in obligate and opportunistic resource users which 

could potentially be the result if Oak Mistletoe is removed from a system. Though the 
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scope of this study was limited in time and space, it represents an important first step 

in partially filling a critical knowledge gap on the importance of Oak Mistletoe to 

wildlife in the Willamette Valley. 
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Tables 

Table 3.1. Camera settings for 6 Bushnell Trail Cameras 

Camera Mode Size Format Capture IR Led Control Video Size Video Length Interval Sensor Level 

1 video 5m full  high 640x480 10s 30s normal 

3 still 5m full 3 high   30s normal 

4 video 5m full  high 640x480 10s 30s normal 

5 still 5m full 3 high   30s normal 

9 video 5m full  high 640x480 10s 1m auto 

11 still 5m full 3 high   30s auto 
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Figures 

 

Figure 3.1. Old endophytic system connection with dead wood & crevices. Mistletoe 

plant is emerging from the left side of the swelling. 
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Figure 3.2. The author installing camera traps below Oak Mistletoe clump, photo by 

Daniel Gleason. 
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Figure 3.3. Species observed feeding on Oak Mistletoe by citizen scientists in fall 

2014 & Winter 2015: WEBL = Western Bluebird, WITU = Wild Tureky, AMRO = 

American Robin. 
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Figure 3.4. Wildlife species observed on oak mistletoe in camera trapping effort in 

fall 2014 & winter 2015: AMRO = American Robin, BCCH = Black-capped 

Chickadee, CEDW = Cedar Waxwing, SQRL = Western Gray Squirrel, STJA = 

Steller’s Jay, UNK = Unknown bird, and WEBL = Western Bluebird. 
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Figure 3.5. Western Grey Squirrel observed using Oak Mistletoe during camera 

trapping survey. Correct date and time is 01/17/2015 07:39:22. 
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Figure 3.6. Western Bluebird observed feeding on mistletoe fruits during camera 

trapping survey. 
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Figure 3.7. American Robin observed feeding on Oak Mistletoe fruits during camera 

trapping survey. 
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CHAPTER 4: SUMMARY 

 

The objective of this research was to investigate the potential effects of Oak 

Mistletoe (Phoradendron villosum) on wildlife, specifically birds. I evaluated 

associations between trees with contrasting mistletoe loads and microhabitat 

complexity, as well as bird abundance, species richness and use. In Chapter 2, I 

tested the hypothesis that trees with high mistletoe loads are associated with higher 

microhabitat complexity, bird abundance, species richness, and use. These 

hypotheses were tested at the community level and at the level of a guild of cavity-

nesting and bark-gleaning bird species. In Chapter 3, I documented the results of a 

citizen science study focused on generating a list of bird species that feed on Oak 

Mistletoe fruits during the fall and winter and a camera trapping effort to detect 

additional wildlife species that feed on mistletoe berries. 

The results of Chapter 2 suggest that trees with higher mistletoe loads support 

more microhabitats and more microhabitat types than trees with low mistletoe loads. 

This may make them more attractive to birds at the community level during the 

breeding season than trees with low mistletoe loads. The association is weaker at the 

guild level, suggesting that many additional bird species utilize mistletoe-associated 

microhabitat features beyond those of the cavity-nesting and bark-gleaning guild. In 

Chapter 3, I found that Western Bluebirds regularly consume the fruits of Oak 

Mistletoe during the winter and that several other bird species consume mistletoe 

fruits opportunistically including American Robin, Cedar Waxwing and Wild 

Turkey. The importance of Oak Mistletoe to both breeding and over-wintering birds 

suggest that it is an important component of Willamette Valley oak ecosystems. 

One of the strongest contributions of this research is that it provides basic 

foundational knowledge regarding some of the roles that Oak Mistletoe plays in oak 

ecosystems. Taken collectively, my results support the hypothesis that P. villosum 
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serves an important function in oak woodlands of the Pacific Northwest by 

enhancing structural diversity of oak trees which has a cascading effect on wildlife 

biodiversity (Thomsen and Wernberg 2015). Cascading habitat formation is the 

process by which one species modifies the structure or abundance of another species, 

thereby creating or improving the habitat resources for a third species. Pacific 

Mistletoe increases the amount of dead wood in trees which can be a limiting factor 

for cavity nesting birds (Newton 1994). In forest ecosystems, the level of biodiversity 

is strongly linked to dead wood and tree microhabitats and food webs are more 

complex in stands with higher diversity of tree microhabitats (Larrieu et al. 2012, 

Regnery et al. 2013). 

The odds of a tree developing mistletoe infections may increase as the tree 

ages and is exposed to more ecological processes but is also dependent on 

managers maintaining a woodland condition that allows trees to develop open, full 

crowns. However, given their slow growth and accumulation rates, and even 

slower microhabitat accumulation, it may take many decades for these features to 

develop or self-replace. Taken together, this suggests that mistletoes are also 

important biological legacies that offer stable resources over time and are key 

resources for Strategy Species such as Acorn Woodpeckers, Western Bluebirds, 

White-breasted Nuthatches, and Western Grey Squirrels (Oregon Department of 

Fish and Wildlife 2006). Therefore, where wood production is not a primary goal, 

and trees are not hazardous to human life and structures, retaining mistletoe 

infected trees as components of a functioning oak ecosystem may promote 

biodiversity. 
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